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FIRST 1OLLOVP NODIDTY STUDY

The Air Force Health Study is an epidemioloogical study conducted to
determine vhether adverse health effects exist and can be attributed co occu-
pational exposure to Herbicide Orange. The study consists of mortality and
morbidity components, based on a matched cohort design in a nonconcurrent
prospective setting vith follovup studies. The Baseline study vas conducted
in 1982, and the first follovup morbidity study vas performed in 1985. The
purpose of this report is to present the results of the first frllovur study.

In the Baseline mcrbi4ity study, each living Ranch Band vas matched to
the first living and compliant member of a randomly selected Comparison
mortality set based on age, race, and military occupatieo, producing an
approximate 1:1 contrast. The Comparisons had served In uumerous flying
organizations that transported cargo to, from, and vithin Vietnam but rere
not involved in the aerial spray operations of lerbicide Orange. Recruitment
for the first follovup vas in accordance vith the Study Protocol: All pre-
vious participants and refusals, nevly located study members, and replace-
mets (matched to noncompliant Comparisons on self-perception of health) vere
invited. Of the living Baseline study participants, 99.2 percent vere
contacted to enroll in the follovup on a strictly voluntary basis. Partici-
pation vas very high, vith 93 plh :ent of both the Ranch lands and the com-
parisons fully compliant at Baseline also participating in the follovup.
Oversil, the 2,309 follovup participants (1,016 Ranch FNwds and 1.'93 Com-
parisons) represented a loss to the study of 159 individuals but a gain of
199 new participants since Baseline. Statistical analyses of selection and
participation bias supported the use of the total Comparison group for the
main analyses presented in this report.

The follovup study was conducted under contract to the Air Force by
Science Applications International Corporation, in conjunction vith the
Scripps Clinic and Research Foundation and the Nati nal Opinion Research
Center. Host of the data vere collected through face-tO-r',ace intervtevs and
physical examinations conducted at the Scrippu Clinic in La Jolla,
California. Other data sources included medical and military records and the
1932 Baseline data base. As a contract r-quireant, all data collecticn
personnel vere blind to exposure status, and all phases of the study vere
monitored by stringent quality control. The statistical analyses vere based
on analysis of variance and covariance, chi-square tests, Fisher'A exact
tests, general linear models, Kolmogorov-Smirnov tests, logistic regression, y',r
proportional odds models, .- tosts, and log-linear models.

The questionnaire and phyrical examlnatiun data vere analyzed by major 0
organ system. The priaery focus vas on the assessment of differences betveend 0
the Ranch Hand and Comparison groups based on data from the first follovap., ton
Additionally, dose-response relationships vwthi:4 the Ranch Hand group vere
examined, and longitudinal assessments of differences in the thanges of thetvo groups betveen the examinations vere conducted for selected variables.

Awtalab~llty Codes
Avail and/or

Dist Sp9oo1j.



In terms of general healtn, Ranch Uand enlisted groundcrew rated their
health as fair or poor more frequently than their enlisted Comparisons;
differences were not observed for the enlisted fl•'ers or the officers.
Phys'cian examiners detected no differences for appearance of illness or
distress or for the appearance of relative age. The Ranch Hands had sig-
nificantly lover percent body fat. They also had a higher proportion of
sedimentation rate abnormalities than the Comparisons, but mean sedimentation
rates were not statistically different between the two groups.

No significant differences between the Ranch Hand and Comparison groups
were seen in the 1982-1985 interval for skin or systemic cancers. However,
when overall lifetine basal cell carcinoma rates were adjusted for risk fac-
tors involved in the cause of such can,:ers (e.g., sun exposure, skin color,
skin reaction to sun), Ranch Hands had a significantly higher proportion of
basal cell carcinoma than Comparisons. No gv:up differences were observed
for systemic cancer, although two cases of possible dioxin-related cancer
were noted in Ranch Hands, bringing the lifetime total to two of these
cancers in each group. Overall, the cancer findings were not viewed as
disturbing but as reason for continued medical surveillance.

The neurological assessment of cranial nerve function, peripheral nerve
function, and central nervous system coordination did not reveal any consis-
tently significant group differences, although abnormalities tended to aggre-
gate in the Ranch Hands. The Babinski reflex (found adverse in the Ranch
Hands at the 1982 Baseline examination) was equal in both groups at the 1985
fcllovup. Age, alcohol, and diabetes shoved classical effects with many
neurological measurts.

In the psychological evaluation based on the Minnesota Multiphasic
Personality Inventory, the Comparisons had significantly more abnormalities
for the denial and masculinity/femininity scales, whereas the Ranch Hands
manifested marginally mo~e abnormalities in the hysteria and social intro-
version scales. The Ranch Hands shoved more abnormalities on the Cornell
Medical Index scales than did the Comparisons, but no differences were
detected between the two groups on the functionally oriented Halstead Reitan
Battery. There were no group differences for current or past neuroses or
psychoses. Age, educational level, and alcohol history shoved strong anC
expected effects on the psychological measures.

Both the interval and. the lifetime history of liver disease were equal
in both groups, as was a lifetime history of peptic ulcer disease. Of nine
liver function and two porphyrin laboratory te3ts, the Comparisons had
significantly higher serum glutamic pyruvic traimsaminase and uroporphyrin
means, whereas tht Ranch Hands had a significantly higher mean alkaline
phosphate level and a borderline elevated coproporphyrin value. There was no
evidence to suggest an increased likelihood of porphyria cutanea tarda in the
Ranch Hand group.

In the dermatological assessment, not one case of chloracne was diag-
nosed on examination, nor was historical af..ne anatomically distributed in a
pattern that suggested past chloracne in the Ranch Hand group. Exposure and
longitudinal analyses were also essentially negative.

The cardiovascular evaluation shoved no significant group differences
for reported or verified hypertension, reported heart disease, or reported or
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verified heart attacks. However, the frequency of verified heart disease was
* significantly greater in the Ranch Hands than the Comparisons. The assess-

ment of the central cardiac function by systolic blood pressure and electro-
cardiogram did not reveal any meaningful group differences. Evaluatioi, of
peripheral pulses by the Doppler technique revealed group equivalence in
marked contrast to the Baseline examination, which founr significant pulse
deficito in the Ranch Hands. This change was likely due to required tobacco
abstinence before the pulse me&surements. O'erxll, the groups were
remarksbly similar in cardiovascular health.

The assessment of eight hematological measures shoved no significant
group differences. In fact, the groups were more similar at the follovup
examination than at the Baseline examination. Age, race, and smoking were
significant risk factors for most hematological measures.

The groups did not differ significantly in reported past kidney disease,
although the Baseline questionnaire noted such in the Ranch Hand3. Five
laboratory measures of renal function were similar between groups in the
unadjusted analyses. No pattern of results suggested a detriment to either
group in the adjusted analyses.

For the endocrine function, TSH and testosterone means were signifi-
cantly higher in the Ranch Hands, but these results were not supported by the
categorical tests. The impaired category of the glucose tolerance test
revealed an excess in the Comparison group. Examination results for past
thyroid disease, thyroid and testicular abnormalities, and additional tests
for cortisol level and T3 X Uptake were similar in both groups. Age, race,
occupation, percent body fat, and personality type were often significant
adjusting variables. Overall, the endocrine health status was comparable in
both groups.

Comprehensive immunological tests composed of six cell surface marker
studies and three functional stimulation studies shoved no significanc group
differences in the unadjusted analyses. Age, smoking, and alcohol usage were
generally strong covariates. The assessment of delayed hypersensitivity by
skin testing was declared invalid because of excessive reader variation and
shifti:ig diagnostic criteria.

The pulmonary a.essment, consisting of past history, physical examina-
tion, and x-ray results did not indicate any consistently different di'.ease
patterns in the two groups. Age and lifetime smoking history were important
risk factors for most pulmonary mehsures.

The exposure index analyses, which were stratified by occupation,
revealed sporadic differences between exposure levels; however, there were no
consistent dose-response relationships that supported an herbicide effect for
any clinical area.

Longitudinal analyses were conducted for 19 variables, and 5 shoved
significant differences in the changes of the groups between the Baseline and
follovup examinations. Of these 5 variables, 1 (sedimentation rate) was
believed to be related to a change in laboratory methods, and the other
4 (Bab~nski reflex, depression, platelet count, and manual all pulse index)
were attributed to true changes over time for the groups. In comparing all
results between the examinations as well as the formal longitudinal analyses,

0

v



a subtle, but consistent, drecrease in group differences over the 3-year
period has beea observed.

The process of inferring causality is complex and must be based on care-

ful consideration of many factors. Any interpretations of the data must
consider the biological plausibility, clinical significance, specificity and
consistency of the findings, and a host of statistical factors, such as
strength of the association, lack of independence of the measurements, and
multiple testing.

By direct and indirect evidence, it is concluded that this study is free
of overt bias and that the measurement systems used to obtain the data were
accurate and valid. By an overall pattern assessment, it is further con-
cluded that the Ranch Hand and Comparison populations are similar.

Finally, this first followup examination report concludes that there is
insufficient evidence to supporc a cause and effect relationship betveek)
herbicide exposure and adverse health in the Ranch Hand group at this time.
The study has revealed a number of minor medical findings that require con-
tinued surveillance. In full context, the results of this study must be
viewed as additional reassuring evidence that, at this time, the current
state of health of the Ranch Hand participants is unrelated to herbicide
exposure in Vietnam.
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The release of this 1997 follovup Morbidity Report marks more than
8-1/2 years of !ntensive Air Forc~e research into the herbicide question.
Since the commitment to Congress in octoiler 1978 to conduct an epidemiologic
investigation of Air Force personnel vho aerially disseminated herbicides in
the Vietnae War (code-named Operation Ranch Hand), the United States Air
Force Surgeon Goenral has issued the following publications: a Study
Protocol, four annual mortality reports, the Baseline Mcrbidity Report, and
this first follovup morbidity report. Within the next 2 years, the second
followup morbidity report, other annual mortality reports, and an expanded
birth defects study are expected for publication. This level of commitnmet
has used approximately $40 million of contract research funds, excluding
significant Air Force in-house expend.tures.

Nearly 100 Government, academic, and industry scientists have guided and
contributed to the Air Force Kealth Study (APES) aince its inception. The
Air Force'& current advisory comittee, chaired by Dr. Robert V. Miller of
the National Cancer Institute, is re.ponsibl.i for providing assistance on all
scientific and medical matters pertaining to the APIS. The distinguished
panelists are listed in Appendix A.

There are numerous scientific strengths in the APIS, beginning with the
unequivocal exposure status of the Ranch Hand population, estimatrl to have
been, on the average, 1,000 times that experienced by an unclothed man
directly beneath a spraying aircraft. In the other direction, the Ranch Hand
population was probably less exposed to dioxin than many studied industrial
populations (based upon a lack of chloracne), and may not develop adverse
health consequences because of a possible threshold mechanism. However, the
participants of the AFES have a sore defined exposure than the ground troops
and constitute P. larger population under study than industrial cohorts.

The chief strength of the AFUS is its design. The interwoven study
elements of multiple sortality assessments, a Baseline morbidity study, and
five follovup morbidity studies over 20 years provide a conprehensive
approach to the detection of attributable adverse health effects. The
weakest feature of the design is the mortality assessment which, in the
absence of significant case clustering, cannot detect group differences for
very rare conditions (e.g., soft tissue sarcoma) because of the inherent
constraints of the limited size of the Ranch Hand population. To some
extent, this problem may be offset for the more prevalent cancers by com-
bining both living and fatal cancers for future analyses. The strength of
the mortality studies should increase with the aging of the study population
and the concomitant increase in death with the passage of time.

All four mortality assessments have shown that the Ranch Hand population
is faring about the same as the CoapArison group, with no unusual causes of
death, increased frequency of death, or evidence suggesting death at younger
ages. Because of the healthy veteran effect, both groups are survivAng
significantly longer than similarly aged civilians. The morbidity assess-
ment, released in 1984, disclosed only minor differences between the Ranch
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Hands and the Comparisons, and these differances vera not traditional indi-
cators of dioxin-related disease. Both the content and the progress of the
AFHS has been presented on imiy occasions to Congress, to the medla, and tre
scientific meetings around the world. On the whole, the AFHS has been very
well received in these circles, giving additional strength and credence to
thi3 work.

This report of the first follovup study is important as it marks the
sustaiped comaitment of Congress and the Air Force to pursue the Agent Orange
question to its logical scientific conclusion. From the medical and scien-
tific perspectives, this followup examination gives the first opportunity to
confirm or refute some of the Baseline findings, and to explore subtle longi-
tudinal changes while controlling for confounding factors. The fifth-year
follovup examination, which will have been initiated when this report is
released, will be conducted at an average time of 20 years postexposure for
the Ranch Hands, a critical period for the emergence of attributable cancer.
Follovup studies such as these provide the most powerful scientific means of
detecting emerging herbicide effects.

This reloort difters slightly from the Baseline Morbidity Report in
several ways. The populations under s~udy have . nged slightly (see
Chapter 2), since some Rarch Hands and Comparisons have voluntarily dropped
out of the itudy, and additional study participants have Joined (via the
Comparison replacement strategy, or the additioa of :ormerly noncompliant
participants). Further, a greater variety of statistical techniques are used
to explore bias coasiderations, subgroup categorical differences (see Chapter
7), and "best" model fitting via the itse of two- and three-way interactions.
In addition, specific medical tests were include6 in this examination to
clarify whether less specific Baseline findings were relevant (e.g., Doppler
measurement of arterial pulses).

Early in both the examination and analysis phases of this follovup
examination, it became clear that a Joint Air Force-contractor approach to
the analysis of the data was required. The Air Force elected to perform much
of the analytical work of this report (e.g., bias, compliance, longitudinal,
an.! pulmonary analyses). Thus, this study has transition*d from "indepen-
dent" contract werk to a genuine team effort batveen the Science Applications
International Corporation (SAIC) and the Air Force scientific staffs. In the
spirit of this enriching teamwork, SAIC has listed the Air Force scientific,
staff co-equally on the cover page of this report. Because of the highly
professional scientific interchanges on many challenging aspects of the
analytical work, it is believed that this report represents a scientific
product unattainable by either team independent of the other.

A brief explanation of this report to the reader is in order. This
report is written primarily for clinical epiamielogistv, clinicians, and
biostatisticians so that they may fully evaluate the data and analytic
techniques herein. There are segments of thiL report that will be difficult
for even the most experienced of these specialists to understand. Complete
familiarity with the Study Protocol and prior mortality and morbidity reports
is essential in the full understanding of this report. Thus, this report 1i
not intended for rapid distillation by the layman or by media representa-
tives. It should be noted that the intent of the introductions of the
clinical chapters is to provide only a broad overview of the literature with
respect to dioxin endpointa. In addition, the statistical analyses in this
report were generally prescribed by the Air Forc. (based primarily upon
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analyses performed for the Baseline Morbidity Report) and are not ad hoc
analyses. The report format hav been• established to be complete, rigorous,
and straightforvard on ell issuaw' so that maximum scientific credibility will
be maintained. As vith the Baseline report, the contractor, with Air Force
authority, or the Air Force itself, will respond to telephone or written
inquiries about the content of this report.

-his report, prepared by Science Applications International Corporation,
is subvitted as partial fulfillment of Contract No. F41689-35-D-O010.
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CAPTrU I

This chapter bciefly describes the background of the Air Force Health
Study (AFHS) and provides an overview of the study design and purpose of this
report. Portions of this chapter have been paraphrased from the Baseline
Morbidity Report, 24 February 1984.

In January 1962, President John F. Kennedy approved a program of aerial
herbicide dissemination, for the purpose of defoliation and crop destruction,
in support of tactical military opArations in the Republic of Vietnam (RVN).
Under this program, code-named Operation Ranch Hand and in operation from 1962
to 1971, approximately 19 million gallons of hlrbicides were dispersed on an
estimated 10 to 20 percent of South Vietnam." Approximately 11 million
gallons of Herbicide Orange, the primary defoliant of the six herbicides
utilized in the program, were disseminated.

Operation Ranch Kand was the subje-t of intense scrutiny from the start
due to the controversial nature of the program and political sensitivity to
chemical warfare charges contained in enemy propaganda. The concerns, which
were Initially based on military, political, and ecological issues, shifted
during 1977 to health issues. Numerous claim of exposure to herbicides,
particularly Herbicide Orange and its dioxin contaminant, and subsequent
adverse health effects among U.S. military sarvice personnel have resulted in
class action litigation and substantial controversy. Social concern for the
Herbicide Orange issue continues to be manifest by continuing scientific
research, media presentations, congressional hearings, and legal action.

The U.S. Air Force Medical Service's concern for the health of Air Force
personnel exposed to herbicides vas demonstrated in October 1978 when the Air
Force Deputy Surgeon General made a .-ommitment to Congress and to the White
House to conduct a health study on the Ranch Hand population, the aviators who
disseminated the majority of the defoliants in the WVN. The prevaAling
reasons for the study commitment included the availability of a definitive
occupational exposure to herbicides, a sufficient ample size for survey and
clinical research, the ability to ascertain the population at risk, and an
opportunity for the Air force Medical Corps to fulfill its adage "we care" to
the Air Force community.

The Air Force School of Aerospace Medicine, Brooks Air Force Base, Texas,
was tasked by the Surgeon General to develop the Study P:otocol. In 1982,
after extensivy peer revie'#, the epidemiologic study began, and the Protocol
was published.

Since 1978, numerous animal and human studies of dioxin effects have been
planned or initiated by governmental agencies, universities, and industrial
firms. The key scientific issue in these studies was the extent of exposure,
e.g., who was exposed and how much each individual was exposed. Unfortu-
nately, population identification and exposure estimation, which are critical
for a valid study of ground troops, have been scientifically elusive.
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It is believed that of all the military personnel who served the RVN,
the Ranch Hand population van the most highly exposed to herbicides. Exposure
estimates indicate that th'% average Ranch Hand received 1,000 times more expo-
sure to Herbicide Orange and 2,3,7,8-tetrachlorodibenso-p-dioxin (TCDD) during
his tour in the RVN than an average sale would receive standing unclothed
undez a spraying aircraft in an oren field. Based on the principle of dose-
responise, the Ranch Hands should manifest more and/or earlier evidence of
adver:ie health. Thus, the results of the APHS should serve as an indicator of
herbicide effects in ground personnel.

STIW URSIGN

The purpose of the study is to determine whether adverse health effects
exist and can be attributed to occupational exposure to Herbicide Orange. The
study, consisting of mortality and morbidity components, Is based on a matched
cohort design in a nonconcurrent prospective setting with follovup studies.
Complete details on the design are provided in the Study Protocol.

The nonconcurrent aspect of the design results from tht fact that the
Ranch Bands were exposed over time between 1962 and 1971. This staggared
exposure is accounted for in the design of the studies to address latency
considerations.

For the Baseline study, the population ascertainment process identified
1,264 Ranch Hand personnel who served in the RVN between 1962 and 1971. By
the time the first follovup bean in 1985, an additional 11 Ranch Hands had
been identified, bringing the tntal Ranch Sand population to 1,275. A
Comparison group was formed, consisting of individuals assigned to selected
Air Force units with missions of flyLig cArgo to, from, and within the RVN
during the same period. Using a compu- '.Rred nearest neighbor selection
procedure, a meaximum of 10 Comparisons was selected for esch Ranch Band,
matching on age, race, and military occupation. After personnel record
reviews, each Ranch Band who was determined to be eligible and fully suitable
for study had an average of 8.2 Comparison subjects.

The mortality component addresses mortality fro the tiFe of the RVN
assignment. A Baseline mortality study was conducted in 1982, and the mor-
tality follovup consists of annual mortality updates for 20 years. For the
Baseline study and the first four updates, five individuals were randomly
selected from the matchd Comparison set for a 1:5 design. Subsequent to
1986, the design will be expanded to include all of the individuals in the
Comparison set.

The Baseline morbidity component, begun in 1982, reconstructed the
medical history of each participant by reviewing and coding past medical rec-
ords. A cross-sectional element, designed to assess the participant's current
state of mental and physical health, was based on comprehensive questionnaires
and physical examinations given to the participants. For thit component of
the study, nach living Ranch Hand and the first living member of his
Comparison set vere selected to participate in the examination. Sequential
questionnaires, medical record reviews, and physical examinations in 1985,
1987, 1992, 1997, and 2002 comprise the morbidity study followup.

1
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PURPOSE

The 1985 morbidity follovup is the subject of this report. The objective
of the morbidity follovup is to continue the investigation of the possible
long-term health effects fofloving exposure to TCDD-containing herbicides.
This report describes the procedures and results of the first morbidity
follovup of the AFHS. Analysis of reproductive and fertility data vill be
conducted by the U.S. Air Force and is not part of this report.
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CHAPlT 2

POPUIATION

This chapter provides a description of participant selection, the
enrollment process, and the demographic characteristics of the population
that participated in the clinical and questionnaire portions of the first
follovup morbidity study in 1985.

BASELIM CANDIDATE IDIIFICATION

The study population for the first follovup was defined by the Air Force
investigators as part of the Baseline study design. Using detailed searches
through Air Force and other Government record systems, a total of 1,264 per-
sonnel vho had participated in Operation Ranch Hand was identified. Using
the same historical data sources, a Comparison population of 24,971 individ-
uals that had been assigned to a variety of military cargo missions in
Southeast Asia during the same time period vas Identified.

The Ranch Hand and the Comparison populations were matched after all
individuals vho had been killed in the Vietnam conflict were removed. The
matching process vas conducted using a computer program employing iterative
nearest-neighbor statistical techniques in order to associate each Ranch Hand
with 10 Comparisons by race (Black/nonblack), closest date of birth, and
occupational category during Vietnam service (officer-pilot, officer-
navigator, otficer-nonflying, enlisted flyer, and enlistod groundcrev). For
each Ranch Hand, I of the 10 matched Comparisons vas selected at random and
designated the Original Comparison. The resulting exposed and multiple
matched Comparison study design was used for the Baseline effort.

During the questionnaire administration of the Baseline study, it was
discovered that 18 percent of the Comparison population had been misselected
vith respect to their Southeast Asia military experience. After eliminating
these ineligible Comparisons, the remaining Comparison set was collapsed to a
1:8 study design, vhich was used for all subsequent eligibility determi-
nations.

During the course of the Baseline morbidity study, five new Ranch Hands
were verified as elifibl, for the study and were added to the exposed group.
In addition, two Ranch Hands who had been misclassified as Comparisons were
identified during the questionnaire administration. These individuals were
reclassified as exposed and new Comparisons were assigned appropriately.
Following the completion of the Baseline morbidity study, 10 additional
Operation Ranch Hand participants were located and added to the study popula-
tion for the follovup phases.
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FOL.OW? CANDIDATI IDIIFICATION

One of the preliminary tasks associated vith the follovup study was to
conduct a telephone survey of uncontacted'replacement candidates. The
purpose of the survey was to obtain new information on the candidate's
general health, economic situation, and willingness to participate in the
study.

The Air Force address file, assembled and maintainc! since 1981,
provided the basis for the telephone survey contact list A location
algorithm described in Chapte: 3 was developed in order o find those
individuals no longer at the address and telephone numbe ndicated in the
Baseline file.

A total of 7,411 cardidate replacements out of the candidate file of
7,963 was located, interviewed using computer-aided telephone interview
(CATI) techniques, and confirmed as •ligible candidate study participants.
Of the 552 candidates who could not be interviewed, 26 were deceased,
335 refused, 190 were unlocatable, and 1 respondent had not served in
Southeast Asia and was therefore ineligible for the study.

Table 2-1 provides the number of candidate participants by Baseline
compliance category for the Ranch Hand and Comparison groups.

PARTICIPANT SKiZCZION

The participant selection protocol used for the follovup was similar to
that used at Baseline with one important exception. If the Original Compari-
son declined to participate, the next randomly ordered candidate lor the
corresponding Ranch Hand with the same self-perception of health was con-
tacted and recruited for the study. This matching process was not feasible
at Baseline because the addresses of the Comparison pool were not fully
ascertained. Perception of health was subjectively determined by the candi-
date during the telephone interview. The rationale for matching replacement
Comparisons on self-perceived health status was an attempt to minimize any
bias that might result from differential compliance. All candidates who had
been contacted and invited to participate during the Baseline, including
those who were refusals and partial compliers, were contacted and invited to
the follovup along with newly verified or located Ranch Hands and their
Comparisons.

NOWOLUID

The enrollment of candidates was based on the Baseline lists and health
status information from the telephone survey. Recruitment was conducted for
questionnaire interviews and clinical examinations that began in May 1985 and
ended in March 1986. Approximately 70 individuals were examined each week in
two groups of 35. A total of 2,309 Ranch Hands and Comparisons participated
in both the questionnaire and clinical examination portions of the APHS
followup. Since the follovup questionnaire was administered at the physical
examination site, there were no "partially compliant" participants at
follovup.

2
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TABLE 2-1.

Candidate Follovup Participants by Group and
Baseline Compliaute Status

Number Category

Candidate Ranch Hands (by Baseline Status)

1,045 Ranch Hands Who Completed Both Baseline Questionnaire
and Physical Examination (Fully Compliant)

129 Ranch Hands Who Completed Only Baseline Que-tionnaire
(Partially Compliant)

32 Ranch Hands -Who Declined to Take Part in Baseline
(Noncompliant)

10 Newly Verified or Located Ranch Hands

1,216 Total

Candtdat• Comparisons (by Baseline Szatus)

936 Original Comparisons Who Completed Both Baseline
Questionnaire and Physical Examinaton (Fully Compliant)

220 Original Comparisons Who Completed Only Baseline
Questionnaire (Partially Compliant)

79 Original Comparisons Who Declined to Take Part in Baseline
(Noncompliant)

288 Replacement Comparisons Who Completed Both Baseline
Questionnaire &ad Physical Examination (Fully Compliant)

88 Replacement CompariLons Vho Completed Only Baseline
Questionnaire (Partially Compliant)

49 Replacement Comparisons Who Declined to Take Part in the
Study (Noncompliant)

7,411 Replacement Comparisons Vho Had Not Been Contacted
Previously

9,071 Total
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Enrollment vas managed uaing an automated scheduling and tracking system
to maintain and record all candidate recruitment contacts, actions, and
status; cliniral examination group scheduling; schedule mo'ffications,
cantillations, and completions; end a comprehensive set of logstic manage-
ment reports. An effort vas made to successfully recruit evary individual
eligible for the study. The number of participants vho paricipated in the
physical ex&a.ination and questionnaire of the first foll-isup is provided in
Table 2-2..

Of the 1,016 Ranch Hands, all but 53 had matched Comparisons vho also
participated in the study. Due to the selection strategy used and the
recruitment of previous noncompliants, several of the Ranch Hands had
multiple Comparisons. The selection strategy resulted in 79 Ranch Hands
having 2 Comparisons, 9 having 3 Comparisons, and 1 Ranch Band having a total
of 5 Comparisons completing the follovup. In accordance vith the Study
Protocol, eligible Comparisons vere enrolled vithout regard to the compliance
status of the corresponding Ranch Hand. There vere 221 Comparisons in the
follovup study vhose matched Ranch Hard did not participate.

PUSCAL USTICS AN) AD3ITS O POLLOVUP POPULATITO

The data on personal characteristics of the Ranch Hand and Comparison
individuals vere ebtained from the follovup questionnaire. The areas of
tobacco, alcohol, and marijuana use; personal and family income; education;
religious preference; active duty/retired/separated status; and risk-taking
behavior received particular attention. These variables vere examined to
assess the similarity of the tvo groups in social and behavioral character-
istics, vhich verm. not included in the statistical matching process.

The participants in the study vere matched on age. The age character-
istics of the study population are shorn in Table 2-3. The mean and median
ages of the Ranch Hand and Comparison groups vere nearly identical.

The smoking and alcohol-use habits of the study aubjects are displayed
in Table 2-4. More participating Ranch Hands smoked cigarettes at the time
of the follovup physical *xamination than did the Comparisons (40.1Z versus
35.OX). This difference in current smoking behavior vax statistically
significant (p.0.01). In the intervening years since the Baseline examina-
tion, 5.6 percent of the Ranch Hands and 4.6 percent of the Comparisons had
stopped smoking. The proportions of participants vho ever smoked !ýgarettes,
pipes, or cigars vtre not significantly different in the two groups.
Similarly, the number of participants vho Arark alcohol in the years since
1982 vas not statistically different betvten wroups.

Data concerning the use of marijuana were gathered by different methods
in the two intervievs. In the Baseline questionnaire in 1982, confiden-
tiality of response vas given to r1l participants, but ansvers vere identifi-
able for each participant. At the 1985 follovup, random response techniques'
were used on the marijuana questions to overcome the problem of participants
either refusing to respond or giving misleading replies to these highly
sensitive and personal questions. With this technique, a coin vas flipped by
the respondent, who then ansvered either th. marijuana question or a neutral
unrelated question, vhich had an answer of knovn probability. The outcome of

2
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TABU. 2-2.

Participant. hnrilled in the Follovup Study by Group and
5eaeltint CompliAvea Status

Number Category

Enrolled Ranch Hands (by Baseline Status)

971 Ranch Hands Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)

39 Ranch Hands Who Completed Only Baseline
Questionnaire (Partially Compliant)

0 Ranch Hands Who Declined to Take Part in
Baseline (Noncompliant)

6 Nevly Verified or Lo:ated Ranch Hands

1,016 Total

Enrolled Comparisons (by Baseline Status)

0872 Original Comparisons Who Completed Both Baseline
QuestiouvAire and Physical Examaiaation (Fully Compliant)

61 Original Comparisons Who Completed Only Baseline
Questionnaire (Partially Compliant)

10 Original Comparisons Who Declined to Take Part in

Baseline (Noncompliant)

12 Ney Original CoLparisons

467 Replacement Comparisons Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)

32 Replacement Comparisons Who Completed Only Baseline
Questionnaire (PaL tially Compliant)

11 Replacement Comparisons Vho Declined to Take Part in
Baseline (Noncompliant)

28 Nev Replacement Comparisons

1,293 Total

0
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ThALE 2-3.

Age (in 1965) of
Participants of the Pollowup lzominatioa by Group

Group

Ranch Hand Comparison

Age Category Number Percent Number Percent

43 or Less 412 40.6 549 42.5

44 to 62 568 55.9 693 53.6

63 or More 36 3.5 51 3.9

Total 1,016 100.0 1,293 100.0

Group

Ranch Hand Comparison

Range 35-72 Years 35-77 Years

Mean 46.9 Years 46.8 Years

Median 47 Years 46 Years

the coin flip was unknovn to the interviever. Thus, no given reply could be
traced, although the proportion of the population that had the sensitive
characteristic (marijuana use) could be estimated.

There vere no'statistically significant differences between the Ranch
Hand and Comparison groups in the reported use of marijuana in the 30 days
preceding the examination (7.8% and 9.2%, respectively). A much higher per-
centage, 26.3 percent of the Ranch Hands and 31.0 percent of the Comparisons,
reported smoking marijuana at some time in the past. At Baseline, only
5.1 percent of each group reported ever using marijuana. These differences
over time were most likely due to a greater sense of confidentiality
generated by the random response techniques used in the 1985 questionnaire.

The mean usage levels of tobacco and alcohol among those participants
who did indulge in these habits are shorn in Table 2-5 as pack-years, cigar-
years, pipe-years, or drink-years. Mean alcohdl use per day vas 6 26 drinks
per day lor the Ranch Hands and 6.42 for the Comparisons. In most of the
cumulative measurements, the median level of use vas lower than the mean
level, indicating that the heavy users of these substances skeved the
distributions. Eighty-nine percent of both groups reported having consumed
alcohol since the last physical examination. Differences in these calculated
variables might have been due to either actual changes in behavior or to
differences in the questionnaires used to collect the basic data.
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TABLE 2-4.

History of Tobacco and Alcobol Use
of Participants of the Vollovup Examination by Group

Group

Ranch Hand Comparison

Habit Yes Percent No Percent Yes Percent No Percent p-Value

Current Use of 407 40.1 609 59.9 453 35.0 840 65.0 0.01
Cigarettes

Past History of 752 74.0 264 26.0 944 73.0 349 27.0 0.58
Cigarettes

Past distory of 249 24.5 767 75.5 345 26.7 948 73.3 0.24
Cigar Use

Past History of 265 26.1 751 73.9 340 26.3 953 73.7 0.92
Pipe Use

Past History of 26.3 732.7 31.0 69.0 0.15
Marijuana Use*

*Marijuana Use* 7.8 92.2 9.2 90.8 0.52
vithin Past
30 Days

Use of Alcohol 901 88.7 115 11.3 1,147 88.7 146 11.3 0.98
since Last
Interviev

*Estimates based on random response techDique.
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TABLE 2-5.

Average Use of Tobacco Products and Alc'hol
for Those Reporting Use of These Substances:

Participants of the Follovup Examination by Group

Group

Ranch Hand Comparison

Substance Mean Median Mean Median

Cigarettes per Day (Current Use) 26.54 '5.00 25.77 25.00

Cigarettes, Pack-Years (Cumulative) 17.69 13.00 17.61 13.00

Cigar-Years (Cumulative) 11.25 1.30 10.96 1.00

Pipe-Years (Cumulative) 20.03 6.10 16.90 4.00

Alcohol Drinks per Day 6.26 6.00 6.42 5.00
(Current Use)

Drink-Years (Since Last Interview) 1.81 0.80 1.89 0.74

Drink-Years (Cumulative) 26.59 12.80 25.04 13.00

Educational background and religious preference for the two groups are
presented in Tables 2-6 and 2-7. The current military status of each indi-
vidual was classified as active duty, retired, separated, reserve duty, or
deceased. There were no significant differences between the two groups.
These data are presented in Table 2-8 and shoved equivalence of the two
groups in these social variables.

Data on income vere collected in a categorical form, and the median
income levels of the Ranch Hand and Comparison groups were comparable. The
median personal income in both groups was in the $25,000 to $30,000 range,
and the median total family income ranged from $40,000 to $45,000 in each
group.

Ri.ik-taking behavior patterns of the study population were assessed by a
series of questions that emphasized participation in potentially dangerous
recreational activities. These data are sumiarized in Table 2-9. In motor-
vehicle racing (automobiles, boats, and motorcycles) and scuba diving, there
were group differences of borderline significance (pm0.07 and p-0.0 9 , respec-
tively). Slightly more Comparisons were scuba divers (12.4% versus 10.12),
and more Ranch Hatds raced motor vehicles (12.9% versus 10.4%). There was a
significant difference in scuba diving at Baseline (p.0.04), when more
Comparisons were scuba divers (12.7% versus 9.9%).
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TABLE 2-6.

Iducatioal Sa gound of Participants of the
lollevup Kzamination by Group

Group

Ranch Hand Comparison

Educational Level Number jercent Number Percent

High School/GED 522 51.4 655 50.7

Associate Degree 84 8.3 114 8.8

BA/BS Degree 194 19.1 271 21.0

Graduate Degree 203 20.0 239 18.5

Unknovn 13 1.3 14 1.1

p-O.64

TABLE 2-7.

Religlous Preference of Participants 41 the
lollovup Rxauinction by Group

Group

Ranch Hand Comparison

Religious Preference Number Percent Number Percent

Protestant 671 65.0 856 66.2

Catholic 215 21 2 281 21.7

Jevish 9 0.9 15 i. 2

Other 37 3.6 54 4.2

None 84 8.3 87 6.7

p-O. 60
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TABLZ 2-8.

Nilitary Status of Participants of the
Followup Examination by Group

Group

Ranch Hand Comparison

Military Status Number Percent Number Percent

Active Duty 89 8.8 118 9.1

Retired 553 54.4 683 52.6

Separated 313 30.8 420 32.5

Reserve Forces 55 5.4 65 5.0

Deceaseda 6 0.6 7 0.5

p"'0.90

"Died after the follovup examination.

These data reflected the overall equivalence of the two groups in social
and behavioral characteristics. The differences observed when these data
were contrasted to similar data at Baseline might have reflected differences
in data collection methods or slight changes in the cohorts rather than
changes in behavior among group utimbers.

LOWITUDINAL LOSSES AND GAINS

A total of 2,269 Ranch Hands and Comparisons was fully compliant with
the Baseline study. The study population of 2,309 for the follovup included
a loss of 159 participants and the addition of 199 individuals.

Loss to the follovap occurred either because the participant was
deceased, refused to participate, or vas unlocatable. The loss to followup
was 7 percent in both the Ranch Hand and Comparison groups. Of the
69 Comparisons lost to the follovup study due to refusal or inability to
locate, 17 were replaced. For the remaining 52, no replacement who satisfied
the health status matching criterion and was villing to participate wes
identified from the candidate replacements. The categories of these indi-
viduals are provided in Table 2-10. A total of 199 new participants were
recruited into 'the study based on the selection methodology used. Informa-
tion on the new participants is provided in Table 2-10.
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TANAL 2-9.

Risk-Taking Behavior ot Participants of the
Follovup uxamination by Group

Group

Ranch Hand Comparison

Activity Yes Percent No Percent Yes Percent No Percent p-Value

Scuba Diving 103 10.1 913 89.9 160 12.4 1,133 87.6 0.09

Auto, Boat, or 131 12.9 885 87.1 135 10.4 1,158 89.6 0.07
Motorcycle Racing

Acrobatic Flying 43 4°2 973 95.8 43 3.3 1,250 96.7 0.25

Sky Diving 22 2.2 994 97.8 32 2.5 1,261 97.5 0.62

Hang Gliding 11 1.1 i,0i5 98.9 14 1.1 1,279 98.9 1.00

Mountain Climbiitg 82 8.1 934 91.9 102 7.9 1,191 92.1 0.86

Surfboard Riding 81 8.0 935 92.0 91 7.0 1,202 93.0 0.40

Long-Distance 54 5.3 962 94.7 55 4.3 1,238 95.7 0.23
Sailing

Fast Downhill 170 16.7 846 83.3 184 14.2 1,108 85.8 0.10
Skiing*

p- 0 .10

*One Comparison was unwilling to respond.
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TADUS 2-10.

Los/es/qalne of Participeants Between the
Baseline and Followup Daminuntioo

Losses
Number Category

10 Ranch Hands Deceased
59 Ranch Hand Refusals

5 Ranch Hands Unlocatable

74 Total Ranch Smnds Lost

16 Comparisons Deceased

55 Comparison Refusals
14 Comparisons Unlocatable

85 Total Comparisons Lost

Gains

Number Category

39 Ranch Hands Partially Compliant atBaselithe,
6 Nevly Verified or Located Ranch Hands

45 Total Ranch Hands Added to Study

61 Partially Compliant Original
Coaparisons at Baseline

32 Partially Compliant Replacement
Comparisons at Baseline

11 ltvly Selected Original Comparisons
(For Nevly Verified Ranch Hands)

16 Replacements for Compliant Comparisons
Who Refused Pollovup

10 Noncompliant Original Comparisons Who
Agreed to Attend Follovup

11 Noncompliant Replacement Comparisons
Vho Agreed to Attend Follovup

1 Original Comparison Not Locatable at
Baseline but Found at Pollovup

3 Replacement Comparisons Not Locatable
at Baseline but Found at Follovup

9 Replacev'*nt Comparisons Not Contacted
at Basrilin~e

154 Total Comqprisons Added to Study
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SUDIARY

0 Participants vere recruited for the first follovup in accordance with
the Study Protocol. All participants (Rahch Hands and Comparisons) who ve-e
contacted for enrollment at Baseline vere recruited for this phase of the
study. Newly verified and located Ranch Hands, since Baseline, and their
respective Comparisons were invited to Join the study. Due to refusals among
the Comparisons, replacements from the previously uncontacted Comparisons
were selected for enrollment. The replacements were matched to the refusing
Comparisons on self-perception of health; health status data were obtained in
the telephone survey.

Personal characteristics of the two grou.s were compared, based on data
obtained from the follovup questionnaire. Contrasts cf age, educational
background, religious preforence, current military status, and income
revealed no significant differences between the Ranch Hand and Comparison
groups. Significantly more Ranch Hands smoked cigarettes at the time of the
follovup examination than did Comparisons, although there vere no significant
differences found for past history of cigarettes, cigars, or pipe use or for
recent or past use of marijuana. A much higher percentage of both grbups
reported smoking marijuana at some time in th, past at the follovup than at
Baseline. This difference was most likely due to a greater sense of
confidentiality generated by the random response techniques used in 1985.
The use of alcohol since the Baseline examination was not significantly
different between the two groups. The difference in the risk-taking behavior
patterns of the Ranch Hands and the Comparisons was marginally significant.
Slightly more Ranch Hands than Comparisons raced motor vehicles, and more
Comparisons were scuba divers.

The follovup study population included the loss of 159 participants
(74 Ranch Hands and 85 Comparisons) who were fully compliant at Baseline and
the additlon of 199 participants (45 Ranch Hands and 154 Comparisons). The
199 nevly examined study subjects consisted of 132 participants (39 Ranch
Hands, 61 Original Comparisons, and 32 replacement Comparisons) who were
partially co.pliant at Baseline, 21 participants (10 Originals and
11 replacements) who refused at Baseline, and 46 participants (6 Ranch Hands,
12 Originals, and 28 replacements) vho were new to the study.

Thus, the study population for the first followup of the AFHS consisted
of 2,309 individuals: 1,016 who had been associated with Operation Ranch
Hand and 1,293 Comparisons.
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S
CZAPTUR 3

QUSTONNA IM •METDOLOGY

This chapter discusses the development and the implementation of the
questionnaires used in the study: the participant interval questionnaire,
the spouse interval questionnaire, the Baseline participant and spouse
questionnaires, and the telephone survey of previously '_lncontacted
Comparisons.

The participant interval questionnaire was designed to capture the study
participant's health history in the 3 years since his participation in the
Baseline study. Data collection was comparable to the Baseline effort: The
questionnaire was very similar, and it was administered using the same face-
to-face methodology to virtually the same population. In the Baseline study,
intervievs were conducted in the participants' homes and the follovup inter-
view was conducted at the physical examination site. The revised aethodology
was more efficient and better subject to quality control.

The spouse interval questionnaire collected reproductive data si.~lar to
those collected at Baseline from spouses for the interval since Baseline.
The spouse interval questionnaires were mailed to the spouses to be self-
administered, or were completed in La Jolla, California, if the spouse
accompanied the participant to the physical exemination site. Analysis of
the spouse data is not included in this report.

Since some study subjects refused to participate in 1982 and other
participants were new to the study, Baseline questionnaires were administered
to these new participants and their spouses. The same procedures used at
Baseline were used to administer the Baseline questionnaires in the homes of
theze individuals.

The elements of each questionnaire are identified in Table B-1 of
Appendix B. Questionnaire development and administration and scheduling of
participants were conducted by the National Opinion Research Center (NORC), a
social science research center at the University of Chicago.

QUESTIOLVAIR DEVELOPEIWT

The goal of questionnair'ý development was to maintain to the maximum
extenc possible the question vordings, context, and procedures that were used
in the 1982 Baseline study. The largest task of questionnaire development
was asking for interval histories on crucial questionnaire items to update
the information provided by the 1982 Baseline questionnaires. For the
participant interval questionnaire, new questions vere also developed on risk
factors for skin cancer, rince the Baseline MorLidif 3 Report found Ranch
Hands to have an excess of itonmelanoma ski:i cancer. Bectuse the chemical
constituents of Herbicide Orange had not previously been associated vth skin
cancer in the literatuio, no questions had been includes in the Baseline
participant questionnaire to collect information on risk factoia for this
condition.
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New questions were added to determine personality type, since Type A
behavior is associated with coronary heart disease. The Jenkins Activity
Scale was administered to collect these data. Enhancements were also mede to
improve data collection for birth defects, smoking habits, and drinking 4
habits. A copy of the participant interval questionnaire is provided in
Appendix B.

An information sheet containing a computer-generated summary of key
respondent answers to the Baseline survey was used to provide bounded recall
for partizipants. Even when given a precise "starting date," respondents
frequently repeat information given earlier, neglect to report new infor-
mation because they thought they had previously reported it, and otherwise
misplace events in time or forget them completely. The best means of pre-
venting such errors is through the use of bounded recall, in which the
respondent is reminded of information he has already reported and new infor-
mation ia sought with reference to an updated information sheet. Among the
data elements included were date of birth, highest educational degree,
military status at last interview, marital status at last interview, and name
of spouse.

The questionnaire was pretested on 8 ineligible individuals who had been
interviewed during Baseline, and on 10 men who participated in the pretest
examination.

INTUV'I9ER TRAINIhN

Twelve intervieveEs vere recruited and trained by NORC's field manage-
merit and Chicago office staffs in Hay 1985 to administer the interval
questionnaires. The onsite NORC interview staff was not informed of the
exposure status of any study participant either before or after contract
completion. The site supervisor reported to the Project Director in Chicago
on a weekly basis, and quartorly visits were made to the site by the
Director. The site supervisor observed a sample of interviews, at: least one
per interviewer per week, and reviewed and edited interview questionnaires
before shipping them to Chicago for further processing.

In early 1985, personal intervieve-1 were recruited to conduct Baseline
Interviews for new participants in their homes. The interviewers -vere
trained in the Chicago NORC office, using questionnaires and procedures
established for the Baseline survey. They vvrQ supervised by an assistant
survey director in the NORC office, vho edited each completed questionnaire
and talked with each interviewer weekly.

TELEPORE SURVEY

The telephone survey of uncontacted Comparisons wvs intended to gather
dnta on the general health status of the 7,963 replacement candidates for tht
active Ccapariscn group. The sample consisted of men who served in C--130
units in Southeast Wa1 between 1962 and 1971, but who did not perticipate
actively in the Baseline phast of the study. A total of 7,411 cases (93%)
was completee by NORC computer-assisted telephone interviewers. The
telephone survey was conducted prior to the scheduling of the physical
examinations.
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The key question asked was, "Compared to other people your age, would
you say that your health is...excellent, good, fair, poor?" Other questiona

* asked about current medications, severity of illness or injury during the
kast 6 months, and income. Locating and refusal conversion algorithms
similar to the Baseline data collection efforts were used.

The data from the telephone survey of uncontacted Comparisons were used
to select a replacement whose self-reported health status metched that of the
noncompliant Comparison. If a willing replacement was not found by this
method, the perception of health status variable was dichotomized into
excellent/good versus fair/poor, and a new replasement was selected from the
Comparison set. If this second attempt at identifying a suitable replacement
failed, no replacement was made. The selection procedure is provided in
Figure 3-1. In this example, the first randomly ordered Comparison was
contacted but refused to participate. In the second attempt, the Comparison
was deceased. The third Comparison volunteered to participate in the
morbidity study.

SCBDILING OF PARTICIPANTS

NORC recruited and trained four schedulers to perform the initial con-
tacts with study subjects. Their training included background information on
the details and purpose of the study, simulation of the actual scheduling of
calls, documentation of results, and cenversion of refusals. An initial
letter vws sent by the Air Force to each study subject, informing him of the
upcoming interval physical eraamination. The NORC scheduler then followed
this letter with a call to attempt to schedule the participant.

Refusals occurred at a number of steps in the scheduling process. A
team of conversion specialists was assigned to contact refusing study
subjects and attempt conversions. Help in conversion was also received from
individuals in the U.S. Atr Focce School of Aerospace Medicine and the Ranch
Hand Association. Many more participants were scheduled, but due to
"no-shows" at the examination site, and passive refusals who rescheduled
frequently, the final figure stood at 2,309.

The Baseline interviewer contacted the potential study participant by,
telephone for scheduling.the in-home interview. Toward the end of the
phy3ycal examination phase, the Baseline questionnaire wax administered at
the examination site by one of the interviewers who had been trathed in
administering that questionnaire. Of the 106 partiripant Baseline question-
naires addministered during the first follovup, 23 had to be conducteJ at the
exaiainbtion site.

The supervisor of taie Baseline interviewers conducted the locating
efforts for new and interval participsats, Procedures similar to thcse used
in 1982 were followed: a postal search, folloved by a local telephone
directory search, a motor vehicle registration search, and personal locading
efforts in the area of last known resience when appropriate. Tha Air Force
also provided locating support throuph its records.

DATA COLLECTION

Upon arrival at the Scripps Clinic and Research Foindation (SCRF),. the
participant received a schedule including the time and pla-v for the interval
interview, and a race-matched Intervlewer was aupoiu'ed to tonduct Lhe



Uomparison Individuals (Randomly Orderedi

Randomly Selected
Mortality Controls

Matched __ __ ___
Ranch Hand

t- + *

- Unwilling
+ DW cesed

* Aoluntewud

Replacement Candidates

Figure 3-1..
Selection Procidure for the Questionnaire,
Physical Examination, and Followup Study
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interview. Because of scheduling problems and the unavailability of a Black
interviewcr, 65 of the 143 Black study participants were interviewed by
whites.

As in all of the personal interviews for the AFUS, interviewers were
required to ask questions exactly as written, were not allowed to interpret
questions or inject personal commentary, and were not allowed to skip between
sections of the questionnaire. They were also initructed to probe "don't
knovw" asvers at least once. During the interviev, medical record release
forum were signed. The respondent was also asked to give the current name
and address for each former spouse listed in the questionnaire, so that
spouse questionnaires could be mailed to these individuals.

The spouse interval survey was mailed to current spouses at the time the
study subject was at the SCRF. Tvo MORC Chicago telephone interviewers were
trained to prompt refusing spouses to return the questionnaire, or to
administer the spouse interview by telephone as pert of the refusal con-
version effort. It the spouse also traveled to La Jolla, the questionnaire
was completed under the supervision of a site interviewer. Of the 1,898 com-
pleted spouse interval questionnaires, 1,066 were returned by mail, 348 were
completed by telephone, and 484 were completed in La Jolla.

DATA PROC2SSIM

All completed interviews were sent to the NORC Chicago office following
editing by the site supervisor, who retrieved missing data from study
subjects while they vere still onsite; any further retrieval of critical
items was conducted from the Chicago office through telephone contacts.
Critical items were those for which missing data vere unacceptable.

The- quastionnaires were coded for data entry by a staff of five coders
who received a week of t.aining on the various AFES instruments. Data entry
was programm.d to provide value and raige checks as the data vere being
entered, to Ferform logic checks and arithmetic checks, to flag important
missing items, and to verify the key entry of 10 percent of each question-
naire. Then the data were run through an automated cleaning program to
detect a wide range of data errors that were corrected by pulling the hard
copy qu0estionnaires and reviewing each situation on a case-by-case basis. No
changes were ever made in the hard copy data; corrections were entered into
the dat:a tape, and the tape was run against the cleaning program until no
errors were detected.
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CHAPTER 4

PHYSICAL EXAKINATION METHODOLOGY

The first followup examination was provided to four categories of indi-
viduals: those who had taken the Baseline questionnaire and Baseline physi-
cal examination; those who had been invited to the Baseline events but chose
not to participate, only took the questionnaire, or were unlocatable; those
Comparisons who had not been invited previously, but who were selected as
replacements for Baseline Comparisons noncompliant to this followup examina-
tion; and the six newly identified Ranch Hands. As noted in the Baseline
Report, all potential study participants were verified as eligible for the
AFHS following a detailed review of military personnel records. Replacement
individuals were carefully selected, by matching data on the self-perception
of health from the noncompliant Comparison (obtained from the telephone sur-
vey) with those of the replacement candidate (see Chapter 3 for details).

The followup examination differed logistically from the Baseline exami-
nation in one significant way: All structured interval questionnaires were
administered at the examination site as contrasted to the in-home interviews
conducted at Bassline. The followup examination consisted of the following
major elements:

* Interval Questionnaire

* Combat Experience Questionnaire

* Review-of-Systems Questionnaire

* Psychological Testing

9 Physical Examination

* Specialized Testing, e.g., Doppler Arterial Studies

* Laboratory Testing

9 Psychological and Medical Outbriefings.

Details of the above examination elements were carefully prescribed by
the Air Force and set forth as contzactual requirements. Clinical innova-
tions or variations were neither desired nor authorized; all proposed exami-
nation procedural changes were reviewed in detail by Air Force technical and
contraztual personnel. An important objective of the technical review was to
ensure that bias was not created by any procedural change. The requirement
to maintain blind examinations was particularly stringent: The clinical
staff was prohibited from kloving or seeking information as to the group
identity (Ranch Hand, Comparison) of any participant. At the end of the
examination, each participant was asked to note on the critique form whether
such information was sought by any member of the clinical or paramedical
staff.
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ULNIUTION CONTE1Tr

Examination content vas designed by the Air Force to emphasize detection
of medical endpoints suspected of being associated with exposure to phenoxy
herbicides, chlorophenols, or dioxin. In addition, findings in the Baseline
examination were used by the Air Force to direct changes in the follovup
examination (e.g., abnormal pulses at Baseline zuggested the need for Doppler
measurements at the follovup). The general content of the physical examina-
tion and psychological test battery is shown 4-n Table 4-1, and the complete
laboratory test series is displayed in Table 4-2.

Quality control requirements for both laboratory testirn and clinical
procedures were extensive. Although details are provided in Chapter 6, the
following categories provide an overview of the extent of the quality empha-
sis. For laboratory testing, single reagent lots and control standards were
used when practical, duplicate specimens were routinely and blindly retested,
testing overlaps were mandatory when test reagents required change, and fast
initial response cumulative statistical techniques (FIR CUSUM) wore used to
detect rapidly any subtle test drift over time. In addition, 50 specimens
from the Baseline serum bank were recested to assess the.comparability of
laboratory methods. The SCRF clinical team wms carefully instructed to
assure clinical quality. The quality control element& included: a pretest
of the examination process; detailed clinical inspection techniques by SCRF,
Science Applications International Corporation (SAIC), and Air Force physi-
cians and personnel; preprinted mark-sense examination forms; clinical qual-
ity assurance meetings to detect and correct problems; and blindness of
exposure status ' the examination. In addition, participant rapport-
building techniques vere added to boost participation in future follovup
stulies, such as participant critique forwi and recreational opportunities
afforded to the accompanying family members.

CONDWT OF Z3IAIUTIONS

All examinations were conducted at SCE•F, La Jolla, California, from
May 1985 to March 1986. Except for weeks with national holidays, two groups
of participants, averaging about 32 per group, were examined weekly. Midway
through the study, NORC recruiters noted that a number of participants
refused the examination because of weekday business commitments or because of
single-parent responsibilities. Consequently, two special weekend examina-
tions were arranged late in the ertamination cycle, and many of the former
refusals vere then able to attend. The examination was identical to the
regular 2 1/2-day process, except that it vws compressed into 2 days by
reducing the number of participants in a group.

The logistics effort required in contacting, tranuporting, and examining
2,309 study members was fo•rmidable. Preexaminat-lon contacts consisted of the
telephone health survey, telephone recruitment to the examination if neces-
sary, auid calls by eithar the NORC scheduling specialists or by the travel
agent to ar:-nge transportation and det6rmine whether special requirements
existed (e.g., wheelchair assistance, weekend examination schedule). Once
scheduling was reasonably firm, the SAIC logistics coordinator sent each4
participant a datailed information package outlining dietary requirements,
inbriefing schedules, importarnt telephona numbers, a request for medical
records, and local maps des~gnating examination-site eating and recreational
facilities.
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TAIAl 4-1.

Elements of the Poilovup " eial Ixamination

Elements Remarks

General Physical Examination Internist

Neurological Examination Neurologist

Dermatological Examination Dermatologist

lectrocardiogram Resting, 4-Hour Fasting and
Nicotine Abstinence

Doppler Peripheral Arterial 4-Hour Nicotine Abstinence
Blood Flov Studies

Chest X Ray

Immunological Studies 50Z Random Sample

Skin Test Studies 75% Sample

Psychological Evaluation:
Minnesota Multiphasic

Personality Invtntory (NMPI)
Cornell Medical IndexHalstead-Reitan Battery

Patient Outbriefing and Discussion of Medical Diagnostician,
Individual Results Internist, and Ph.D.

Psychologist
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TABLE 4-2.

Laboratory Test Procedures of the Followup Physical Examination

Clinical Laboratory

Fasting Glucose 2-Hour Postprandial Glucose

Blood Urea Nitrogen (BUN) Creative Phosphokinase (CPK)

Cholesterol Total Bilirubin

HDL Cholesterol Direct Bilirubin
Triglyceride Total Protein

Serum Glutamic-Oxaloacetic Transaminase (SGOT) Protein Electrophoresis.

Serum Glutamic-Pyruvic Transaminase (SGFT) Routine Urinelysis

Gamma-Glutanyl Iranspeptidase (GGTP) T3 % Uptake

Alkaline Phosphatase T

Lactic Dehydrogenase (LDH) Testosterone

Thyroid Stimulating Hormone (TSH) Hepatitis B Surface Antigen

Initial Cortisol Hepatitis B Surface Antibody

2.-Hour Cortisol Follicle Stimulating Hormone
(FSH)

Prothrombin Time Rapid Plasma Reagin (RPR)

Quantitative Immunoglobulins Porphyrins (Mayo Clinic)

Complete Blood Count (CBC) Sedimentation Rate

Leuteinizing Hormone (LH)

Immunological Laboratory

Cell Surface (Phenotype) Analyses

Lymphocyte Mitogen Stimulation Assays

Mixed Lymphocyte Culture (MLC)

Natural Killer Cell Assay by Specific Cellular Cytotoxicity Using K-562
Target Cells

Natural Killer Cell Assay (Using Interferon) by Specific Cellular
Cytotoxicity Using K-562 Target Cells
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The logistical flow of the entire examination process yas complex.
Figures 4-1 and 4-2 outline participant flow for the first 2 examination
days. As depicted in these figures, each group of participants (generally
containing equal rumbers of Ranch Hands and Comparisons) was transported
early in the morning to SCRF on the first 2 days in a fasting state; tobacco,
alcohol, and coffee abstinence were also required. Following initial
inbriefing and blood dray on the first day, each participant was randomly
assigned to the examination grou'p or to tlke psychological testing group. On
the second day, these groups were reversed. After randomization, each member
was given an individualized 3-day schedule outlining his medical, interview-
ing, and laboratory appointments. The schedule carefully noted the specific
required periods of fast'ng and tobacco abstinence (see Figures 4-1 and 4-2
for generalized periods in relation to ECG and Doppler testing). Each indi-
vidual was reminded of the fact that all aspects of the examination were
strictly voluntary, and thet refusals would be honored vithout question.
Both general and specific consent forms (e.g., skin biopsy), approved by the
Air Force, were explained in detail.

In contrast to the Baseline examination, great reliance Vws placed upon
each individual to find the appropriate clinic area at his schetiuled time.
This approach had great appeal to this self-reliant population as evidenced
by critique feedback. Throughout the examination day, generous time was
provided for vaiting-room activities, i.e., renewal of past friendships,
discussions of the Vietnam War, consumption of refreshments vhen permitted,
and completion of paperwork. Day 3 of the examination was largely spent in
finishing up the specialty examinations and receiving the outbriefings from a
psychologist and medical diagnostician. Only upon completion of these
important debriefings were the participants paid their stipend, reimburseda for travel expenses, and transported to the airport.

As noted previously, tte SCRF clinical team was hand-picked for partici-
pation in this project. In total, 15 board-certified physicians in internal
medicine, neurology, and dermatology participated in the general, specialty,
and diagnostic examination. To reduce observer variability, turnover in the
clinical or paramedical staffs was minimized during the 9 months of examina-
tions. One SCRF physician served as the Project Medical Directo:, responsi-
ble for the scheduling, conduct, and quality control of the examinations.
All examining physicians were introduced to the mark-sense examination forms
during the pr.test examination. The layout of the form was designed tc
parallel the flow of the clinical examination so as to minimize recording
errors. Because data transcription was not permitted, each physician was
responsible for filling in the bubbled form. To a large extent, these mark-
sense forms and subsequent quality control were the primary reason for a
remarkably clean data set. Two examples of the mark-sense forms are
presented as Figures 4-3 and 4-4; a complete set of forms is provided in
Appendix C.

For the first follovup, the special testing included Doppler tests,
delayed hypersensitivity skin tests, and immunological tests. Doppler
measurements were obtained on all participants by highly experienced
technicians; results were recorded and Polaroid photographs were taken of
representative os 1lloscope displays. As previously noted, considerable
emphasis vas placed upon tobacco abstinence prior to Doppler evaluations.
Skin tests for four antigens were administered in a standardized manner:
Candida (1:1,000 veight/volume, 0.1 ml intradermal), mumps (2 complement-

S fin-gunits). Trichophyton (1:1,000 weight/volume, 0.1 ml intradermal), and
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CRAPTR 5

STUDY SELECTION AND PARTICIPATION BIAS

INTRODUCTION AND BASELINM SUMNARY

The Protocol

During the design phase, the authors of the Protocol anticipated that
loss to followup would pose the greatest threat to the validity of the study.
In particular, they expected differential compliance with relatively more
Ranch Hands self-selecting themselves into the study than Comparisons and
vAth health differences of unknown character between noncompliant Ranch Hands
and noncompliant Comparisons. As a partial correction, the study design
specified that noncompliant Comparisons would be replaced by Comparisons
having the sane values of the matching variables and the sane health percep-
tion. In this way, the replacement Comparisons would serve as surrogates for
those Comparisons who refused to participate. This, in turn, would t~nd to
reduce the bias due to noncompliance in the Comparison group and would have
the added advantage of maintaining this group's sample size.

The Comparison in each randomized matched set who happened to be first
asked to participate in the Baseline questionnaire and physical examination
was identified as the Original Comparison for his respective Ranch Hand (in
accordance with the Protocol). If the Original Comparison was noncompliant,
that is, he refused to take the Baseline questionnaire or physical examina-
tion, his replacement was called a replacement Comparison. Replacement Com-
parisons were so distinguished to satisfy the Protocol requirement that they
be contrasted with the noncompliant Comparisons, also called refusals, they
replaced. No corresponding replacement strategy for the Ranch Hands was
possible since all Ranch Hand3 had been identified and invited to partici-
pate.

The Protocol further specified that the replacements would be statis-
tically compared with the noncompliant Original Comparisons to determine the
extent to which the replacement strategy was being realized. The statistical
contrast of replacements and refusals was to be based on responses to a non-
compliance telephone questionnaire administered to refusals an. to their
potential replacements. This questionnaire assessed self-perception of
health, days lost from work due to illness, and medication use, and was to
serve as the basis for the health matching called for in the Protocol.
Although the Protocol was not explicit on this point, it implied that the
decision to include or exclude the replacements from the study would be based
only on this contrast.

The Baseline Replacement Operation

The health-matching questions (identical to the noncompliance
questionnaire) were, in fact, not adminlstered to any potential replacement

5-1



Comparison before selection at Baseline, although questions regarding
self-perception of health, medication use, and work loss were asked as part
of the Baseline questionnaire after entry into the study. The noncompliance
telephone questionnaire was offered to nohivompliant study participants, but
only 79 corupleted the telephone questionnaire, and of these only 57 were
actually replaced. Replacements were, therefore, not health matched to
refusals at Baseline. Rather, they were matched only on the basic matching
variables: date of birth, race, and occupation. The statistical contrast of
iefusals and their replacements vas not performed at Baseline.

During the scheduling operation at Baseline, two untoward events
occurred that led to the identification of two additional categories of Com-
parisons, shifted Comparisons and Air Force-interviewed replacements. First,
212 of the Original Comparisons were discovered to be ineligible for partici-
pation in the study due to errors in the data base regarding their unit of
assignment in Southeast Asia. These men had not served in Southeast Asia
but, due to a duplication of codes, were riistakenly included in the Compari-
son population. They were deleted from the study.

This resulted in another Comparison in each previously randomized match
set being first asked to participate ir the study. These new Original Com-
parisons were figuratively called "shifted" Comparisons, labeled S in the
Baseline Report, to describe the effective movement of these Comparisons in
each matched set to fill the space left by the removed ineligible Original
Comparinon. The eligible Original Comparisons'were labeled 0 in the Baseline
report. Shifted Comparisons are more accurately referred to here as shifted
Original Comparisons to emphasize that they are not replacement Comparisons
and that they are the legitimate Original Comparisons for their respective
Randh Hands. Shifted Original Comparisons are not replacement Comparisons
because their invitation to participate in the study was not the result of a
previous refusal of another Comparison in their respective matched Pets.
Shifted Original Comparisons were identified to reflect concern tbtt the
process by which Comparisons were determined ineligible may not have dis-
tributed ineligible Comparisons uniformly.

Second, 30 replacement Comparisons were interviewed by Air Force staff
rather than by the contractor. These replacements were labeled A. All other
replacement Comparisons, labeled R, were simply called "replacements,"

The removal of ineligible Comparisons from the study caused a pause in
the scheduling operation that delayed the scheduling of the shiftid Original
and replacement Comparisons relative to that of the Original Compariaons,
This scheduling delay is apparent in Figures V-3 and V-4 in the Baseline
Report. Some study investigators speculated that this scheduling slip might
cause shifted Original Comparisons and replacement Comparisons to self-select
differently from Original Comparisons. Statistical analyses in Chapter V of
the Baseline Report and further unpublished analyses following thd release of
the Baseline Report investigated the eftect of this scheduling problam.

The Baseline Selection Bias Analyses

Since replacements were not health matched at Baseline to their corres-
ponding noncompliant Cimparisons and since differential scheduling opportu-
nity may have created self-selection biases, statistical contrasts of the
variour Comparison groups were done at Baseline. In particular, the Compari-
sons labeled 0, S, R, and A were contrasted on the basis of self-perception
of health, medication use, work loss, and five clinical variables.
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The results of these analyses suggested to some investigators that
* shifted Original Comparisons were not statistically distinguishable from

Original Comparisons and that shifted Original Comparisons were not statis-
tically different from replacements, but that replacement Comparisons ap-
peared to be statistically different from Original Corparisons. The 30 Air
Force-interviewed replacement Comparisons were not statistically distinguish-
able from other replacement Comparisons and were not investigated further as
a group. Since opinions differed among Air Force principal investigators and
statisticians, a management decision was reached to use only the Original
Comparisons in the primary analyses and to contrast Ranch Hands with all
Comparisons in the appendix of the Baseiine Report. The reader is referred
to Chapter V of the Baseline Report for additional detail. In retrospect,
the concern with statistical distinguishability between replacement Compari-
son3 and Original Comparisons is diffitult to justify, since the only valid
question reg.rrding the replacements is their similarity to the refusals whom
they replaced.

The Baseiine Compliance Bias Analyses

Telephone questionnaire data obtained from the 57 noncompliant Compari-
sons, who vere replaced, were not-analyzed in the Baseline Report. Instead,
compliance bias wvs analyzed by contrasting partialiy compliant with fully
compliait participants, vitn adjustment for group (Ranch Hands, O S, R, A).
These analyses were based on iata from the Aaseline questionnaire regarding
self-perception of health, medication use, work loss, anger, anxiety, ero-
sion. depression, liver ailments, miscarriages, and acne. Results suggested
that p&rtially complie-it participants were statistically different from fully
compliant participants for come of these variables. Based on these results,
calculations were presented to suggest that the noncompliance bias could
produee an error in relative risk of 25 pQrcent, either overestimating or
underestimating the risk, and a spurious mean shift of up to 8 percent in
either direction.

THE FIRST FOLLOVUP SCHEDULING AND REPLACEHENT OPERATION

Matching of replacements to noncompliant Comparisons on the basis of
health status was initiated with the first followup scheduling operation.
This was accomplished by administering a short telephone questionnaire to all
previously uncontacted Comparisons and then using their health stptus re-
sponses to select from among the Comparisons in a matched set the first one
who was similar to the refusal regarding self-perception ot health. In addi-
tion, NORC vat required to schedule replacements within 5 working days of a
confirmed refusal. These features were intended to correct the described
Baseline scheduling deficiencies and to bring the study into Protocol
compliance regarding health matching of replacements.

To further minimize the possibility of scheduling bias, the entire study
population was partitioned into 79 groups; these groups were then randomly
scheduled for an examination time. In this way, no single group would be
favored a priori for a certain scheduling period. The groupings, consisting
of approximately 32 participants, corresponded to the examination groups
established at Baseline. Group integrity was maintained to enhance study
compliance and comradery. Study participants were given the option to remain
with their group or to reschedule their examination at a time more convenient
to them.
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FII TFOLik CONPLIANX

Eighty five percent (1,016/1,191) of the Ranch Hap.-s and 81 percent
(955/1,176) of the Original Comparisons participated in •he first follovvp
examtiztio-. and question-tire process. Of 288 replacevents, 267, or 93 per-
cent, cnase to attend the first follovup examination; additionally, 71 new
replacements participated in the followup, yielding a total sample size of
338 replacements at follovup. These counts and others art summarizad in
Table 5-1. It Table 5-1 and subsequently in this report, the shifted Origi-
nal Comparisons vere combined with the Original Comparisons, and the Air
Force replacements vere combined vith the replacement Comparisons.

TABLE 5-1.

Baseline Versus First Follovup Sample Sizes

Group

Comparison

Participation Ranch BHnd Original Replacement

Baseline Only 74 64 21
Baseline and Follovup 971 872 267
Follovup Only 45 83 71

Although fully compliant at Baseline, 74 Ranch Hands, 64 Original Com-
parisons, and 21 replacement Comparisons chose not to participate in the
first followup examination. In the interim, 10 of the 74 Ranch Hands and
16 of the 85 Comparisons died. An additional 5 of the 74 Ranch Hands and
14 of the 85 Comparisons vere unlocatable during the scheduling operation.
There were 56 of 59 remaining Ranch Hands and 50 of 55 remaining Comparisons
who refused to participate in the first follevup, although they were alive
and locatable during scheduling, and responded to the noncompliance teiephone
questionnaire, giving their reported health status and reason fur nonpartici-
pation. The 3 remaining Ranch Hands and 5 Comparisons refused to participate
in the telephone survey. Reasons for nonparticipation given in the telephone
survey are summarized In Table 5-2. The totals in Table 5-2 do not
correspond to Table 5-1 because some participants gave more than one reason
for nonparticipation.

Of the 56 living locatable Ranch Hands and the 50 Comparisons who took
the noncompliance telephone questionnaire, only 35 Ranch Hands and 42
Comparisons responded to the question regarding health status. The reported
health status of these 77 nonparticipants is summarized in Table 5-3.
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TABLE 5-2.

Rgesorr for Nomqirt-cIpe.ti in the First Followur
of 56 Ranch Hawds an 5% Counprlons Vho Were Fully

Compltat at Iaselinsa*

Group__

Ranch Hand Comparison

Reason Number Peczent Number Percant

Fear of Physical 0 0 2 4
Job Commitment 13 17 9 16
Dissatisfaction vith USAF 10 13 9 16
No Time oz Interest 7 9 6 11
Tzavel Distance, Family 13 17 12 21
Confidentiality 0 0 1 2
Health Reasons 3 11 3 5
Passive Refusal 11 15 6 11
Dissatisfaction vith 5 7 2 4
Baseline

Financial Hardship 3 4 0 0
Other 5 7 7 12

Total 75 57

*Some partieipants gave more than one reason for nonparticipation.

TABLE 5-3.

Reported Health Status ef 35 Ranch Hand, and
k,2 Coqmrtsocs '-Mlly Covpllant at faseline and

Moncompliant at First Follevup

R.,vr:"H Ecalth _2nch Hand Comparison

Status Number Percent Number Percent

Excellent 5 14 10 24
Good 22 63 22 52
Fair 6 17 8 19
Poor 2 6 2 5

Tota. 35 42

p-0.72

3- 5



Among the individuals responding to the Lealth status question, there was no
statiatica!ly significant diffeLence betveen noncompliant Ranch Hands and
Coemprisons regarding reported health (p.0.72).

Further detail regrrding the 45 Ranch Hands, 83 Originals# and
71 replacenmts newly examined at follovup is shown in Table 5-4, which gives
the Baseline stujus of these participants. Taking the questionnaire but not
the physical examination at Baseline were 39 of the 45 Ranch Hands newly
examined at follovup. Five of the 45 Ranch Hands who were identified too
late to be invited at Baseline were simply described an having had "no
action" taken.

TABIS 5-4.

Baseline Status of Newly hmminad Participants

Group

Conparisons

Baseline Status Ranch Hand Original Replacement

Interview Only, 39 61 32
•.efuaed Physical
Exaination

No Interview, 0 10 11
No Physical
Examination

Unlocatable 0 1 3
Aio Actlin 5 11 16
Prcx- 1 0 0
Nev to Study 0 0 9

Total 45 83 71

Of the "1 newly examined replacements, 43 (32+11) were either partinlly
compliant at Baseline or were at least contacted at Baseline and, therefore,
identified as replacements, although not health matched to a noncoupliant
Comparison. The remaining 28 newly examined replacements were rot previously
contacted. Of these, 14 were health-matched replacements and 2 were replace-
ments added to the study in August 1985 after completion ok the Baseline
physical examination. Thus, of the 71 replacements who took the physical
examination for the first time at fol,ovup, only 14 were new health-matched
replacements. All 71 replacements may be regarded as new to the study, even
though 43 had been previously contacted at Baseline and knew that they were
potential study participants. The 28 replacements who had not been
previously contacted may be regarded as new in a more restrictive sense since
they did not know of their potential involvement in this study before they
were recruited for the first follovup examination. This set of 71 replace-
ment Comparisons and the subset of 28 are distinguished from each other using
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the unrestricted amid restricted definitions of "now" to provide data
regarding changes ýLn replacement self-selection, an issue explored later in
this chapter.

FACTOS KNOW OR SUSPECTED TO INFLUENCE STUDY PARTICIPATION

A multitude oif factors may be considered to influence self-selection.
These may be broadly classified as health, logistic, operational, publicity,
or demographic fa:tors. The Baseline Report contains a list of specific
factors within each of these categories. For example, health factors are
thought to include self-perception of health as well as demonstrable health
indicators, such as medication use and york days lost due to illness or
injury. Logistic factors are thought to '.nclude distance to the examination
site, reluctance to spend time away from family or job, income, and
occupation. Demographic factors might include flying status, age, race, or
military duty status (active, retired, separated). Operational factors
include any aspect of study operation that may cause differential compliance,
such as differential treatment of participants dur 4.ng scheduling, physical
examination, interviev, or debriefing. Publicity factors have to do with
national attitudes and media presentations regarding the Agent Orange issue,
the Vietnam war, veteran health care, or health care in general. Addition-
ally, these considerations may affect people differently and, in particular,
may influence Ranch Hands differently than Compari.-ns.

The decision to volunteer for this study is admittedly complex, making
statistical assessment of compliance bias difficult and necessarily crude in
that many of the factors contributing to self-selection cannot be measured

* directly. Instead, compliance bias was investigated at first follovup, as in
the Baseline Report. Specifically, it was investigated with respect to self-
perception of health, medication use, daily aspirin use, work days lost due
to illness or injuzy, and income in comparing partially compliant with fully
compliant participants. In other selection bias assessments, such as statis-
tical contrasts of Original and shifted Original Comparisons, these same
factors and 26 variables taken from the physical examination and psychometric
testing were analyzed.

THE TZL9PfOM_ SURVEY

In April 1985, all previously uncontacted living Comparisons were
identified for telephone contact to assess their current health. This health
status information was necessary for the matching of replacements to noncom-
pliant Comparisons. From a total of 9,982 available Comparisons, 7,963 were
included in the telephone survey. The 2,019 nonselected Comparisons included
488 deceased, as of 1 August 1985, and 1,531 who had been previously con-
tacted. rhe group of 1,531 previously contacted Comparisons comprised all
Comparisons who vere fully compliant, partially compliant, or noncompliant at
Baseline.

The survey questionnaire isnshovn in Appendix D. In brief, it queried
the respondent regarding self-perception of health (excellent, good, fair,
poor), current prescribed medication use (yes, no), work days lost due to
illness or injury, special health care needs (wheelchair, nurse, or other
special equipment), end income (less than $20,000, $20,000 to $40,000, or

* more than $40,000). If the respondent indicated that he was taking
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prescribed medication, he was asked to identify the illness for which the
medication was prescribed. If work days were lost due to illness or injury,
the respondent was asked to identify the causing illness or injury. If
special health care or equipment was needed, he was asked to specify the
illness or condition requiring the special care. He was further asked to
distinguish conditions requiring special care from those that wera previously
identified in response to the medication and days lost from work questions.
The telephone interview was accomplished via CATI.

Of the 7,963 cases fielded, 7,411 telephone surveys were actually
rcompleted The nature of the 552 noncompletions is summarized in Table 5-5.

TABLE 5-5.

Summary of Reasons for Noncompleted Telephone Interviews

Reaeson Number Percent of 7,963

Deceased 26 0.3
Active Refusal 93 1.2
Passive Refusal 242 3.0
Unlocatable 190 2.4
Ineligible 1 0.0

Total 552 6.9

Several questionnaires that could not be administered by telephone were
accomplished by mail; these numbered 540 out of the 7,411 completed. Sum-
maries of the responses to each of the five questions are shown in Table 5-6.

Of the 1,271 respondents who reported that they had lost work days due
to illness or injury, 550 (43%) lost 1 to 5 days, 197 (15%) lost between
6 and 10 days, and 524 (41%) lost more than 10 days. The maximum number of
days reported lost was 965. The 56 respondents who reported more than
180 days lost misinterpreted the question; it referred only to the past
6 months.

The telephone interviewer reported whether the respondent was friendly,
cooperative but not interested, impatient, or hostile. The association
between the interviewer's remark and the self-reported health of the
respondent was investigated. The results are displayed in Table 5-7. The
association between the interviewer's remark and reported health status is
statistically significant (p.0.02), with hostile repondents reporting poorer
health than friendly, cooperative, or impatient respondents.

Other analyses of these data, not shown here, demonstrated significant
associations between health perception and income (p.0.001), rank (p.0.001),
age (p-O.001), medication use (p.0.001), anC need for special health care
(p-O.001). Positive health perception increased with income and rank and
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TABLZ 5-6.

Summzy of Results to the Telephone Question-aire

Self-Assessment of Health Compared to Others Same Age

Response Number Percent

Excellent 2,882 38.89
Good 3,306 44.61
Fair 972 13.11
Poor 245 3.31
Do Not Knov 3 0.04
Missing 3 0.04

Total 7,411 100 10

Taking Medication for Current Illness

Response Number Percent

Yes 2,129 28.73
No 5,277 71.20
Refused 1 0.01
Missing 4 0.05

Total 7,411 100.00

Illness or Injury Absence From Job During Last 6 Months

Response Number Percent

Yes 1,271 17.15
No 6,135 82.78
Refused 3 0.04
Missing 2 0.03

Total 7,411 100.00
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TANLA 5-6. (continued)

Suimmry of Remults to the Telephone Ouestionnaire

Need Assistance in Daily Activities

Response Number Percent

Yes 114 1.54
No 7,291 98.38
Refused 4 0.05
Missing 2 0.03

Total 7,411 100.OC

Earnotd Income From Any Job During 1984

Response Number Percent

Yes 6,636 89.54
No 755 10.19
Refused 17 0.23
Missing 3 0.04

Total 7,411 100.00

Income Level

Response Number Percent

Less than $20,000 2,015 27.19
$20,000-$40,000 3,034 40.94
More than $40,000 1,411 19.04
Not Applicable 774 10.44
Refused 161 2.17
Do Not lKnov 9 0.12
NIssing 7 0.10

Total 7,411 100.00
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TABLE 5-7.

Contrast of Interviever's Remark from Telephone Interview
and Reported Health Status

Reported Health Status

Remark Excellent Good Fair Poor Total

Per- Per- Per- Per- Per-
Number cent Number cent Number cent Number cent Number cent

Friendly 2,209 39 2,476 44 730 13 191 3 5,606 76
Cooperative 622 38 755 46 229 14 44 3 1,650 22
Impatient 42 40 48 45 10 9 6 6 106 1
Hostile 9 21 27 63 3 7 4 9 43 0

Total 2,882 39 3,306 45 972 13 245 3 7,405

p-O.02

decreased with age, medication use, and special health care. Further, there
vas no significant association betveen health perception and the duration of

* the telephone int-rviev (p.O.17) or the time of day of the interviev
(p-0.98). There was no significant health-by-duration-by-time of day inter-
action (p-0.77).

These data vere also used to assess the self-reported health of
773 Original Comparisons (excluding shifted Original Comparisons) fully
compliant at Baseline relative to the reported health of the 7,411 previously
uncontacted Comparisons who completed the telephone survey. The self-
reported health status of the Original Comparisons from the Baseline ques.-
tionnaire was contrasted with that of the previously uncontacted Comparisons
on a three-category scale (excellent, good, fair/poor) with an adjustment for
date of birth (born during or before 1942, born after 1942). The results are
displayed in Table 5-8. Previously uncontacted Comparisons who completed the
survey are indicated by T (telephone); Original Comparisons are labeled 0.
Data are missing for 12 Original Comparisons and 16 telephone-surveyed
Comparisons.

There was no statistically significant difference between these groups
regarding health perception after adjustment for age (p.0.14), and this
equivalence did not change with age (p-0.80). Additionally, there was a
statistically significant age effect (p.0.001), as expected. These results
suggested that the Original Comparisons were representative of the entire
Comparison cohort with respect to health p rception.

0
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TAiLk 5-8.

Self-Reported Health of Previously Ulcontacted Comparlsonn,
in 1986r Versus Self-Repotted Fealth Status of

Original Comparisons at Baseline

Health Perception

Excellent Good Fair/Poor

Age Group* Number Percent Number Percent Number Percent Total

Born >1942 T 1,847 39 2,003 43 837 18 4,687
0 203 39 239 46 83 16 525

Born <1942 T 1,034 38 1,298 48 376 14 2,708
0 91 39 120 51. 25 11 236

-T - previously uncontacwed Comparisons
0 - Original Comparisons.

.REPLACEMENT COMPARISONS VERSUS TER N1ONWLIANTCOMPARIS0OS THEY REPLACED

Baseline Replacement

These analyses are refinements of the analyses in Chapter V of the
Baseline Report. Of 288 Comparisons replaced at Baseline, only 57 responded
to the short noncompliance telephone questionnaire shown in the appendix.
These 57 comprised 38 Original Comparisons and 19 replacements. As in the
followup telephone survey, the short noncompliance telephone questionnaire
queried raspondents on health status, york days lost due to illness, medica-
t'on use, and income level. In accordance with the Protocol, replacements
were statistically contrasted with the noncompliant Comparisons they replaced
based on their reported health status (excellent, good, fair, poor), medica-
tion -ise (yes, no), and income level (less than $20,000, $20,000 to $40,000,
more than $40,000). This contrast, with adjustment for group rembership
(Original, replacement) of the noncoapliant Comj-rison, is shovn in
Table 5-9.

There was no significant difference between the reported health patterns
in the upper and lover panels of Table 5-9. When these two tables were
merged, no statistically significant difference was found between the health
status of noncompliant Comparisons and their non-health-matched replacements
(puO.99). It is noteworthy that 53 percent of Original and replacement non-
compliant Comparisons were matched, by chance, perfectly to their replace-
ments in the basis of reported health status. Only 7 percent (4/57) were
mismatched by two categories and one replacement was mismatched by three
categories.

These same groups were contrasted on medication use; the results are
shown in Table 5-10.
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TABLE 5-9.

Nomncmpliant Original Comparisons and Replacement
C I.sporisoI VzI r Their Baseline Replacements:

Reported Health Siati at Itt.14-.

Health Status of Replacements
Health

Group Status Excellent Good Fair Poor Total

Noncompliant Excellent 13 4 2 0 19
Original Good 9 7 0 0 16
Comparison Fair 1 1 0 0 2

Poor 1 0 0 0 1

Total 24 12 2 0 38

Noncowipliant Excellent 7 5 0 0 12
Replacement Good 3 3 0 0 6

Fair I 0. 0 0 1
Poor 0 0 0 0 0

Total 11 8 0 0 19

TABLE 5-10.

Noncompliant Original Comparisons and Replacement
Comparisons Versus Their Baseline Replacements:

Medication Use at Baseline

Medication Use
of Replacements

Medication
Group Use Yes No Total

Noneompliant Oiginal Yes 0 4 4

Comparison No 3 31 34

Total 3 35 38

Noncompliant Replace~ent Yes 0 1 1
No 1 17 18

Total 1 18 19
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Due to sparseness these data were not antlyzed. It is interesting to note,
however, that there was 82 percent agreement in the upper panel. of Table 5-9
(31/38) and 89 percent in t6a lover ponel (17/19), vith 84 percent agreement
in the combined table (48/57), close to expected within group percentages of
83 and 90 percent, respectively, due purely to chance.

Vork loss was not analyzed due to slight differencts between the way the
york loss question was worded in the noncompliance telephone and telephone
survey questionnaires.

The contrast regarding Income level is shown in Tatle 5-1.

TABLM 5-11.

Noncompliant Original Comparisons and Replacement
Comparisona Versus Their Baseline Replacements:

Income at Baseline

Income Laval of Replacements
(in thousands)

Income
.Group Level <$20 $20-$40 >$40 Total

Noncompliant <$20 1 3 0 4
Original Comparison $20-$40 6 6 3 15

>$40 0 7 6 13

Total 7 16 9 32*

Noncompliant <$20 0 0 2 2
Riplacement $20-$40 1 7 0 8

>$40 1 3 5 9

Total 2 10 7 19

*Six noncomplitnt Original Cc arisons were unwilling to respond,

The patterns of income matching in the first and second panels of 5-11
were not significantly different (p>O.10). In the combined table, replace-
ments reported significantly lower income than the Compxtrisons they replaced
(p<0.05) although 49 percent (25/51) were perfectly catagorically matched.

These analyses suggested that the Baseline replacements were very
similar to the noncompliant Comparisons they replaced regarding reported
health status, medication use, and income. These analyses vere also
pertinent to the question of whether there was selection bias due to
noncompliance in the Comparison group. The predeminantly negative findings
suggested that there was little or no Comparison selection bias. These
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results suggested that the upper-bound bias calculations reported in
Chapter V of the Baseline Report are overestimates of reality. Howaver, lack
of clinical data for the noncompliant Comparisons precluded refining those
Baseline bias calculations at this time. 'Accordingly, the Baseline selection
lp ciXulatzin may be viewed as crude bounds to an unknown bias that must
await future data for proper recalculation.

First Followup Replacement

Replacements were matched to noncompliant Comparison,% at first followup
oa the basis of the matching variables--date of birth, race, and occupation--
and self-reported health status (excellent, good, fair, poor), as recorded in
the telephone survey. This was accomplished by recording the self-repnrted
health status of the noncompliant Comparison during the attempt to schedule
and matching that status against those of the other Comparisons in the same
matched set. A Comparison in a matched set was considered to replace a non-
compliant Comparison if he had the same health status as that recorded for
the noncompliant Comparison during the attempt to schedule him. If no
willing Comparison reporting the same health status could be found in the
matched set, health status was dichotomized to excellent or good versus fair
or poor. A willing Comparison with the same health status as the refusal on
the dichotomized scale was then accepted as a replacement. If no willing
Comparison could be found using the dichotomized scale, attempts to find a
replacement were terminated.

During this process, 14 Comparisons were health matched to noncompliant
Compariscns. The results are summarized in Table 5-12.

TABLE 5-12.

Health Status of Refusals and Their Matched Replacements

Refusal's Health
Replacement's
Health Excellent Good Fair Poor Total

Excellent 1 2 0 0 3
Good 5 6 0 0 11
Fair 0 0 0 0 0
Poor 0 0 0 0 0

Total 6 8 0 0 14

All refusals reported good or excellent health. Th:s implied that bias due
to nonti.mpliance in the Comparison group could possibly bias the study away
from finding an herbicide effect. The inclusion of health-matched
replacements tended to correct for this by replacing healthy noncompliant
Comparisons with healthy replacement Comparisons. The relatively smallnumber of new health-matched replacements minimized the actual effect of this
bias "correction," however.
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SCfEDULIM AT MlTST FOLLOWVU

The schedulers were requirid to find and schedule a willing health-
matched replacement within 5 working days of a confirmed refusal io correct
scheduling differences experienced at Baseline. This constraint proved
impractical to implement since Comparisons would vacillate, forcing a series
of rspeated telephone calls. Rather than terminate the prccess at 5 days, as
required by the contract, the schedulers continued their recruiting attempts,
sometimes for several months. Hence, new health-.matched replacements were
brought into the study much later than other participants.

The percent completing the physical examination by calendar date is
plotted in Figure 5-1 for all Ranch Hands, Original Comparisons, and all
Comparisons.

The corresponding plot ior Ranch Hands, Original Comparisons, old
replacements, and the 28 cestricted new replacement Comparisons is shown in
Figure 5-2.

Additioially, scheoulers experienced reticence and vacillation with
othe- '-parisons being scheduled for the first time. In particular, as a
gro'-., cne 71 unrestricted new replacement Comparisons were also scheduled
later than other participants. Figure 5-3 shows the percent of Ranch Hands,
Original Comparisons, "old' Comparisons, and the 71 unrestricted newly
examined replacement Corparisons completing the physical examination by
calendar date.

During the scheduling for the 1987 followip examination, schedulers will
attempt to schedule healch-matched replacements within 15 working days of a
refu7?1.

NEU REPLACEUZNTS MESSUS OLD REPLACEHENTS

Another statistical issue of concern is the homogeneity of the replace-
mert Comparison:i. The validity of the study might be compromised if, for
examplo. newly admitted replacements had self-selected themselves into the
study differen~ly than previously admitted replacements. This kind of
difference may occur due tc changes in public opinion regarding the Agent
Orange issue, the national political climate, changes in national opinion
regarding health care, changes in the location of the examination site, or a
combination of these and other factors. This issue was addressed by
comparing new vith old replacements on a variety of endpoints with adjustment
for the matching variables. Blacks were deleted from the analyses.

Two sepsrate series of analyses were performed, one for each oi the two
kinds of new replacements (unrestricted and restricted) defined earlier.
First, unrestricted new rEplacements were identified as the 71 replacements
who were examined for the first time at first followup, regardless of their
compliance at Baseline. Second, analyses were restricted to the 28 replace-
ments who were examincd for the first time and who had never been contacted
'ýfore the first followup; these were called restricted new Comparisons. In
each of the two series of new replacement analyses, all replacements not
satisfying the definition of "new" are included by referriig to them as "old"
replacements. All "old" replacements were at least contacted at Baseline and
were.iully -ompliant at first followup.
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It, each of the tvo series of analyses, nay and old replacement
Comparisons were contrasted on health perception (excellent, good, fair, or
poor), medication use (yes, no), york loss (yes, no), and daily use of
aspirin (yes, no). Blacks were deleted from all analyses. Nev and old
replacements were then contrasted on 20 cl... tcal determinations from the
first follovup examination. Table 5-13 shove two cross-classifications of
313 nonblack replacements, from a total of 338 replacements fully compliant
at first followup, by group (old, new) and reported health status.

In the unrestricted sense, the reported health st tus of new and old
replacements differed significantly (p=O.0 4 ), vith new replacements reporting
more fair or poor health than old replacements. In the restricted sense, the
difference between new and old replacements vas statistically significant
(p-O.001), vith new replacements tending to declare themselves of fair or
poor health core often than old replacements.
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The same groups vere contrasted on medication use; the results are shown
* in Table 5-14. The difference between old and nev Comparisons under the

unrestrict3d definition was not statistically significant (p-0.16) as regards
medication use. The difference between old and new Comparisons under the
restricted definition was, however, statistically significant (p.0.003).
This difference was due to the higher reported medication use of the 26 non-
black new replacements not previously contacted.

New and old replacements were contrasted on work loss due to illness;
the results are shown in Table 5-15.

TABLE 5-13.

Reported Health Status of Nonblack Nev and Old
Replacements, According to Tvo Definitions of "New"

Unrestricted Rertricted

Old New Old New

Health Number Percent Number Percent Number Percent Number Percent

Excellent 142. 56 30 49 161 56 11 42
Good 91 36 20 33 103 36 8 31
Fair/Poor 19 8 11 18 23 8 7 27

Total 252 61 287 26

p-O.04 p=O.001

TABLE 5-14.

Reported Medication Use of Nonblack Nev and Old
Replacements, According to Two Definitions of "Nevu

Unrestricted Restricted

Old New Old Nev

Medication Number Percent Number Percent Number Percent Number Percent

Yes 30 12 12 20 33 11 9 35

No 222 88 49 80 254 89 17 65

ro tal 252 61 287 26

p-O.16 p-0.003
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TAMLI 5-15.

Reported Vork Loss (of Ronblack New and Old
Replacements, According to Two Definitions of "Nev"

Unrestricted Restricted

Old Nev Old Nev

Work Loss Number Percent Number Percent Number Percent Number Percent

as 47 19 12 20 54 19 5 19

No 205 81 49 80 233 81 21 81

Total 252 61 287 26

p-0.99 p-0.9 9

The difference between new and old replacements regarding work loss
under the unrestricted or restricted definition was not statistically
significant (p-0.99 and p-0.99, respectively).

Results of a similar contrast on daily aspirin usage are shown in
Table 5-16. The difference between new and old replacements regarding daily
use of aspirin under the unrestricted or the restricted definition was not
statistically significant (p.0.99 and p-0.75, respectively).

It is noteworthy that the differences for general health and medication
use did not occur for work loss and daily aspirin usage, suggesting that some
participants may have over-reported when asked less specific questions about
their health.

New and old replacement Comparisons were also compared on 20 clinical
and psychometric variables measured during the physical examination and
psychological testing. These 20 variables are a subset from 26 selected from
among an entire collection o' nearly 200 endpoints in this study by requiring
near statistical independence within and between organ systems. Variables
selection was accomplished by screening the correlation matrices of variables
as an entire set and separately within each organ system, including examining
partial correlations between single variab'es and linear combinations of
othar variables within organ systems. Identified first were 10 variables
with pairvise correlations less than 0.10 in absolute value. This was fol-
lowed by identification of 16 additional variables with pairvise correlations
between 0.10 and 0.20 in absolute value, making a total of 26 variables.
These variabl& selection screens were accomplished on Baseline data for 1,154
nonblack fully compliant Comparisons subsequent to publication of the
Baseline Report. The complete set of 26 dependent variables selected as
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TABI 5-1.6.

Reported Daily Aspirin Usage of Nonblack New and Old
Replacements, According to Two Definitions of "Nevw

Unrestricted Restricted

Old New Old New

Aspirin Usage Number Percent Number Percent Ntmber Percent Number Percent

Yes 182 73 44 7.: 206 72 20 77

No 69 27 17 28 80 28 6 23

Total 251 61 286 26

p-0.99 0=0.75

nearly statistically independent is shown in Table 5-17. The Baseline
correlation matrix of these 26 variables as determined on the entire
Comparison data set in shown In Table L-1 Appendix D. It is recognized
that relative statistical independence ol 0hes,2 variables does not imply
biological independence of these variabler.

- These 26 variables were intended to serve as tie basis for statistical
contrasts of Original Comparisons, shifted Original Comparisons, and
replacement Comparisons in the decision regarding the inclusion of shifted
Original Comparisons and replacement Comparisons in the primary analyses.
Generically, the analyses first compared two groups on each of the
26 variables with adjustment for rank (officer, enlisted), age at Baseline
(40 or under, over 60), occupation (officer flyer, officer ionflying,
enlisted flyer, enlisted grouadcrev), and race (Black, nonblack). Blacks
were deleted from the analysis. The total number of significant differences
on the first set of 10 dependent variables was used as the basis for a
decisiVn regarding group difference. These 10 analyses vwre assumed to be
10 iadependent repetitions of a Bernoulli trial with probability of 0.05 of
success imder the null hypothesit that there were no group differences for
any of the 10 variables. The probability of observing three or more
successes in 10 independent repetitions of a Bernoulli trial, with
probability of 0.05 of success, is 0.012. The entire set of 26 analyses was
then assessed to test the hypothesis of group equality. The probability of
4 or more successes in 26 Independent repetitions of a Bernoulli trial, with
probability of 0.05 of success, is 0.039. Thase 2 critical values, both
probabilities below 0.05, were used to assess the analyses on the 10 and on
the 26 sele'cted variables.
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TABLE 5-17. Tventy-Six Dependent Variables Selected as Nearly

Statistically Independent With the Use of Baseline Data

Variables Having Pairvise Absolute Correlations Less Than 0.10

Total Bilirubin (TBILI)

Diastolic Blood Pressure (DBP)

White Blood Cell Count (WBC)

Skin Index (SKIN)

MMPI Depression Scale (MMPID)

Blood Urea Nitrogen (BUN)

Urine Specific Gravity (USG)

Pulse Index (PULSE)

Nerve Conduction Velocity Above the Elbow (NCVE)

Semen Count (SEMEN)

Variables Having Pairvise Absolute Correlations Greater Than 0.10
anA Less Than 0.20

Red Blood Cell CorAt (RBC)

FEV1/FVC (PULM)

Glucose (GLUC)

Electrocardiogram (ECG)

Platelet Count (PLAT)

Full IQ (10)

Central Nervous System Index (CNS)

Nerve Conduction Velocity Above the Ankle (NCVA)

Cholesterol (CHOL)

Alkaline Phosphatase (ALKPHOS)

Coproporphyrins (COPRO)

Delta-Aminolevulinic Acid (ALA)

Thyroid T 4 (T4)

Testosterone (TEST)

Sedimentation Rate (SED)

Gamma-Glutamyl Transpeptidase (GGTP)
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The statistical issue of how to account for the many interactions in the
* 26 separate analyses was not resolved during or since the first application

of this method. Only the group main effect was regarded as the basis for
determining whether a particular analysis vas a succes..

At first followup, onl, 20 of the 26 variables were measured. The six
variables not. measured were the tvo-nerve conduction velocities (NCVE, NCVA),
semen count (SEMEN), FEV1/FVC (PULH), full IQ (IQ), and delta-aminolevulinic
acid (ALA). New and old replacements were contrasted on each of the
remaining 20 variables via the general linear model and log-linear model.
The variables--skin index (SKIN), pulse index (PULSE), electrocardiogram
(ECG), and central nervous system index (CNS)--were analyzed as dichotomous
variables, with each being scored abnormal if any of its components were
abnormal. All others were analyzed as continuous variables. The correlation
matrix of the 20 variables, based on 1,210 nonblack Comparisons fully
compliant at first followup, on first followup data is shown in Table D-2 of
Appendix D.

The results of these analyses contrasting new versus old replacements
with "new" following the unrestrictive definition and Blacks removed from the
analyses are shown in Table 5-18. There were 61 nonblack new :aplacements
and 251 nonblack old replacements. In some analyses, the dependent variable
was transformed to better approximate normality. Unadjusted means are
presented when there is a significant interaction involving group.

The probability of observing 2 or more successes in 8 independent
repetitions of a Bernoulli trial, with probability of 0.05 of success, is
0.057. In view of the results for the first 8 dependent variables in

* Table 5-18, new and old replacements appeared to be statistically indis-
tinguishable. The probability of observing 3 or more successes in 20 indepen-
dent repetitions of a Be-noulli trial, with probability 0.05 of success, is
0.075; the probability of 4 or more is 0.016. Recognizing the slight corre-
lations between the dependent variables in the lower panel of Table 5-18, and
the results of the analyses, new and old replacements again appeared to be
statistically indistinguishable.

The same analyses were conducted to contrast new and old replacement
Comparisons, with "new" defined in the restrictive sense. The results are
shown in Table 5-19, with the same notations as Table 5-18.

The same binominal critical values, 2 for the first panel and 4 for the
entire set of 20 analyses, and the results shown in Table 5-18 indicated that
there was no statistical difference between the 26 nonblack new replacements
and the 287 nonblack old replacements.

The negative findings shovn in Tables 5-18 and 5-19 suggested very
strongly that there has been no change in the way replacements self-select
for entry into this study.

ORIGINAL COMPARISONS VERSUS SHIFTED ORIGINAL COMPARISONS

The removal of ineligible Comparisons early in the Baseline scheduling
operation resulted in the exclusion of approximately 18 percent of all
Comparisons from tne study. Since some of these ineligibles had been
randomized as Original Comparisons, some previously randomized Comparisons
were allocated to the positions vacated by the removed-original Comparisons
and, thus, were referred to as shifted Original Comparisons.
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TABLE 5-18.

Summary Results of Unrestricted Now Ver:sus Old
Nonblack Replacements Contrasted on 20 Variables

Replacement Group Means*
(Percent Abnormal)

Variable Significant
(Transformation) Old Ney p-Value Interactions

Variables With Absolute Pairvise Correlations Less Than 0.10

TBILI (LOG) 0.76 0.76 NS
DBP (SORT) 79.17 79.51 NS
WBC (LOG) 7.06 7.13 NS
SKIN (54.0) (49.2) NS
MMPID (LOG) 56.21 57.19 NS
BUN (SORT) 14.15 13.79 NS
USG 1.014 1.014 NS
PULSE (16.7) (11.5) GRP*OCC, GRP*AGE

Variables Vith Absolute Pairvise Correlation Betveen: 0.10 and 0.20

RBC 5.00 5.00 GRP*OCC*AGE
GLUC (LOG) 109.31 101.33 NS
ECG (15.5) (13.1) NS
PLAT (SQRT) 269.5 275.0 MS
CNS (2.8) (5.0) NS
CHOL (SORT) 212.7 208.8 NS
ALKPHOS (LOG) 87.9 87.10 GRP*OCC
COPRO (SORT) 116.9 122.6 0.03
T4 7.51 7.94 NS
TEST (SORT) 601.4 605.3 NS
SED (LOG) 4.17 4.93 GRP*OCC*AGE
GGTP (LOG) 31.06 29.77 G11P*AGE

*All means are expressed in original units.

NS: Not significant (p>O.05)
LOG: Analysis performed on logarithmic scale.
SORT: Analysis perfrmed on square root scale.

GRP: Group
0CC: Occupation
AGE: Birth year (Age)

5
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TABLE 5-19.

Sumary Rasults of Restricted Hey Versus Old
Nonblack Replacements Contrasted on 20 Variables

Replacement Group Means*
(Percent Abnormal)

Variable " Significant
(Transfornation) Old Nev p-Value Interactions

Variables With Absolute Pairvise Correlations Less Than 0.10

TBILI (LOG) 0.76 0.75 NS
DBP (SORT) 79.44 76.98 NS
WBC (LOG) 7.01 7.91 NS
SKIN (52.3) (61.5) NS
MMPID (LOG) 56.11 59.73 NS
BUN (SORT) 14.02 14.75 NS
USG 1.014 1.013 NS
PULSE (15.3) (19.2) NS

Dependent Variables With Absolute Pairvise Correlation Betveen 0.10 and 0.20

RBC 5.01 4.90 NS
* GLUC (LOG) 108.8 95.86 G.007

ECG (14.3) (13.1) GRP*AGE
PLAT (SORT) 270.5 271.56 NS
CNS (2.8) (7.7) NS
CHOL (SORT) 212.5 205.6 NS
ALKPHOS (LOG) 87.75 87.72 NS
COPRO (SORT) 117.8 120.5 NS
T4 7.56 8.00 NS
TEST (SORT) 601.2 612.6 NS
SED (LOG) 4.15 •.37 0.03
GGTP (LOG) 31.23 2..41 NS

*All means are expressed in original units.

NS: Not significant (p>0.05).
LOG: Analysis performed on logarithmic scale.
SORT: Analysis performed on square root scale.

0
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Fully compliant Original and shifted Original Comparisons were compared
in the Baseline Report vith respect to repneted health status, medication
use, and work loss. Group differences for health status were significant
(p. 0 . 0 0 1 ) but were not so for medication use or for work loss; the shifted 4
Original Comparisons tended to report themselves in poorer health than the
Original Comparisons but were statistically equivalent to the Originals
regarding medication use and work 1083.

Fully compliant Original and shifted Original Comparisons were
contrasted at first follovup on reported health status, work loss, medication
use, and daily use of aspirin. As in the Baseline Report, these analyses
were done for only nonblack Comparisons.

The results of the contrast of Original and shifted Original Comparisons
on reported health status are shown in Table 5-20. Here, health status is
evaluated on a three-category scale (excellent, good, fair/poor).

The group difference between Original and shifted Original nonblack
Comparisons regarding reported health status was not significant (p=0.30).

The results of the contrast of Original versus shifted Original
Comparisons on medication use are shown in Table 5-21. The group difference
between Original and shifted rriginal nonblack Comparisons regarding
medication use was not significant (p-0.68).

The results of the contrast on york loss are shovn in Tablo 5-22. The
group difference between nonblack Original and shifted Original Comparisons
regarding work loss was not significant (p.0.82).

The results of the contrast on daily aspirin usage are shown in Table5-23. The group difference between Original and shifted Original nonblack
Comparisons regarding daily aspirin usage -as not signifitant (p.0.98).

Fully compliant Original and shifted Original nonblack Comparisons were
also contraszed on each of the full set of 26 nearly uncorrelated variables
shown in Table 5-17 on Baseline data. The results are shown in Table 5-24.

Sedimentation rate (SED) was analyzed as a categorical variable with
values low (0-1), medium (2-3), and high (3-4). The percents of Original
Comparisons within these categories were 35.8, 33.1, and 31.1 percent,
respectively; the shifted Original Comparison percents were 30.8, 36.3, and
32.9, respectively. The probability of observing 3 or more successes in
10 independent repetitions of a Bernoulli trial, with a probability of 0.05
of success, is 0.0115. The probability of observing 2 or more is 0.0861.
Based on these critical values and the results shown in the upper panel of
Table 5-24, there appeared to be no statistical difference between Original
Comparisons and shifted Original Comparisons.

The probability of observing 4 or mo.'e successes in 26 independent
repetitions of a Bernoulli trial is 0.039. The probability of observing at
most 2 successes in 26 independent repetitions of a Bernoulli trial, with
probability 0.05 of success, is 0.86. Based on these critical values and the
known slight correlation of the 16 dependent variables in the second panel of
Table 5-19, these results suggested that Original and shifted Original
Comparisons are not statistically distinguishable.
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TABLZ 5-20.

0 Reported Health Status of Fully Compliant Original and
Shifted Original Nonblack Comparisons:

First Follovup

Original Comparison Group

Shifted
Original OriginalReported

Health Number Percent Number Percent Total p-Value

Excellent 387 52 76 51 463 0.30
Good 307 41 68 45 375
Fair/Poor 53 7 6 4 59

Total 747 150 897

TABLM 5-21.

Medication Use of Fully Compliant Original
and Shifted Originl Nonblack Comparisons:

First Followup

Original Comparison Group

Shifted
Original Original

Medication
Use Number Percent Number Percent Total p-Value

Yes 107. 14 23 15 125 0.68
No 645, 86 127 85 772

Total 747 150 897

0
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TABLE 5-22.

Work Loss of Fully Compliant Original
and Shifted Original Noublack Comparisons:

First Followup

Original Comparison Group

Shifted
Original Original

Vork Loss Number Percent Number Percent Total p-Value

No 631 83 116 82 747 0.82
Yes 125 17 25 18 150

Total 756 141 897

TABLE 5-23.

Daily Aspirin Use of Fully Compliant Original
and Shifted Original Nonblack Comparisons:

First Followup,

Original Comparison Group

Shifted
Original Original

Daily Aspirin
Use Number Percent Number Percent Total p-Value

Yes 529 71 107 71 636 0.98
No 218 29 43 29 261

Total 747 150 897.

5
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TABLE 5-24.

Sumiry Results of Original Versus Shifted
Original Nonblack Comparisons on 26 Variables at Baseline

Original Comparison Group
Means* (Percent Abnormal)

Variable Shifted Significant
(Transformation) Original Original p-Value Interactions

Variables With Absolute Pairvise Correlations Less Than 0.10

TBILI 0.61 0.61 GRP*OCC*AGE
DBP 80.46 78.95 NS
WBC 7.52 7.18 NS
SKIN (37.5) (43.8) NS
NMPID 56.25 58.40 NS
BUN 14.26 13.76 NS
USG 1.0209 1.0205 NS
PULSE (10.7) (8.9) NS
NCVE 56.26 55.88 NS
SEMEN ) 77.4 72.8 NS

Variables With Absolute Pairvise Correlation Between 0.10 and 0.20

RBC 5.20 5.18 NS
PULM 0.80 0.81 NS
GLUC (LOG) 97.4 94.5 NS
ECG (27.6) (26.7) NS
PLAT 270.6 269.9 NS
IQ 108.6 108.4 NS
CNS (23.7) (31.5) 0.02
NCVA 48.17 47.59 0.01
CHOL 220.7 213.1 NS
ALKPHOS 7.84 7.60 NS
COPRO (LOG) 31.1 30.4 NS
ALA 2,497.0 2,505.3 NS
T4 8.42 8.35 NS
TEST 634.6 634.3 NS
SED given I- text NS
GGTP (LOG) 38.43 35.53 NS

*All means are expressed in origin.l units.
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Taken together, the results displayed in Table 5-24 very strongly
suggested that Original and shifted Original Comparisons did not differ
statistically at Baseline.

These analyses were repeated on the 10 availablq variables at the first
follovup. The results are shown in Table 5-25.

The results in the first bnd second panels of Ta.'le 5-25 and the
binomial critical values given above suggested that no statistical difference
was present between the Original and shifted Original Comparisons.

A single multivariate linear regression analysis was dune on the
20 dependent variables shown in*Table 5-25; no significant inttractions
involving group (Original, shifted Original) were noted and tha group effect
was not significant (p-0. 2 8 ). Taken together, these analyses strongly
suggested that there was also no statistical differente between Original and
shifted Original Comparisons at first followup.

PARTIALLY COMPLIANT VERSUS FULLY COMPLIANT PARTICIPANTS

Ideally, compliance bias should be assessed by comparing the health of
noncompliant and fully compliant participants with adjustment for group
(Ranch Hand, Comparison) and the matching variables. The only information
available on the noncompliant participants, however, is their responses to
the health atatus questions, if they were willing to answer them, during the
telephone conversation in which they refused to participate in the study.
Noncompliant Comparisons were contrasted with their Baseline replacements
(see noncompliance telephone questionnaire data, Tables 5-9 to 5-12). In
addition, as in the Baseline Report, selection bias was studied by
contrasting partially compliant with fully compliant participants with
adjustment for group (Raich Hand, Comparison). Taking the Basel!Mte
questionnaire at follovu;, but refusing to take the physical examination or
follovup questionnaire were 9 Ranch Hands and 30 Comparisons who were either
nonlocatable or noncompliant at Baseline. These 39 men were the only
partially compliant participants at first follovup. Their Baseline
compliance is summarized in Table 5-26.

One of these individuals, a Ranch Hand with no interview, no physical,
and no telephone interview, was Black. The label "no action" indicates that
these individuals were not contacted because the Baseline contract expired.
Individuals labeled "new Comparisons" were added to the study after the
Baseline examination but before start of the first follovup.

Data from these 39 partially compliant participants were statistically
compared with similar data froa fully compliant participants with adjustment
for group (Ranch Hand, Comparison). This is shown in Table 5-27. Endpoints
evaluated were reported health, medication use, and work loss. These
analyses are similar to those reported in Table V-15 of the Baseline Report.
Reported haalth status was collapsed to tvo categories (excellent,
good/fair/poor) due to sparse data. One Black participant, a Ranch Hand, was
deleted from these analyses.

The health versus compliance association in these data was of borderline
statistical significance (p.0.08), with pattially comdliant participants
tending to report themselves ia batter health than fully compliant
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TABLE 5-25.

0 Summry Results of original Versus Shifted Original
Nonblack Comparisons on 20 Variables:

First Followup

Original Comparison Croup
Means* (Percent Abnormal)

Variable Shif ted Signiticant
(Transformation) Original original p-Value interactions

Variables With Absolute Pairwise Correlations Less Than 0.10

TBILT (LOG) 0.75 0.73 GRP*OCC*AGE
DBP (SMRT) 80.0 79.60 NS
WBC (LOG) 6.88 6.92 GRP*AGE
SKIN (49.7) (42.1) NS
XMPID (LOG) 56.2 55.1 NS
BUN (SORT) 14.8 14.04 NS
USG 1.015 1.015 NS
PULSE (16.7) (16.4) NS

Variables With Absolute Pairvise Correlation Betveen 0.10 and 0.20

* RBC 4.97 4.95 NS
GLUC (LOZ) 111.8 111.6 NS
ZCG (15.3) (11.9) NS
PLAT (SORT) 263.2 271.9 NS
CNS (2.6) (2.3) NS
COOL (SORT) 219.5 214.1 NS
ALKPROS (LOG) 89.76 85.53 Ns
COPRO (SORT) 115.4 114.9 NS
T4 7.58 7.58 NS
TEST (SORT) 576.6 559.0 GRP*OCC, GRP*AGE
SED (LOG) 5.11 4.91 NS
GGTP (LOG) 32.39 29.77 NS

*All means are expressed in original units.
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TAM 5-26.

Baseline Compliance Status of 39 Partially
Compliant Participantst First Followup

Group

Baseline Compliance Ranch Hand Comparison

No Interviev, No Physical, 3 23
No Telephone Interviev

No Interviev, No Physical, 2 1
Telephonn Interviev

New Comparison 0 3

tNo Action 4 3

Total 9 30

TAN• 5-27.

Reported Health of PartimalU7:- C(mpliamt
Versus Fully Compliant ashlachk Participants

Group

Ranch Hands Comparisons

Compliance Status Reported Health NumbeL Perceant Number Percent Total

Full hExellent 473 +-,3 635 5"7 1,7_08Fuodllar/Poor 482 46 57! 5 1,057

Total 955 1,210 2,165

Fartial Erbcellent 5 20 20 80 25
Good/fair/Poor 3 23 10 77 13

Total 8 30 38

I5
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participants; 66 percent of partially compliant participants reported
* excellent health while only 51 percent of fully compliant participants

reported excellent health. This association did not change vith group
(pMC.91).

The data on medication use and compliance status demonstrated no
association (p.0.57), and this equivalence did not change vith group
(p.0.7 9). These data are show in Table 3-28.

is shorn •n Table 5-29, the work loss-by-compliance association in these
data vas sfgtiificant (p.0.03), vith 84 percent of fu)ly compliant partici-
pants reporting york loss and 95 percent of partially compliant participants"reporting york loss.

These data are sparse and are not consi.dered wupportive or nonpupportive
of the compliance bias calculations presented in the Baselina Report. The
conclusions of the Baseline Report regarding the pottntial effects of
compliance bias should be regarded as conservative overestimates, but vorthy
of consideration in inference formulations until more data become available.

comzmicsM

These predominantly negative findings suggest that there has been no
change in the vay. replacements self-select for entry into this study and, due
to the obvious scheduling differences betveen new and old replacements, that
no additional bias has ben introduced at ft~lloup, by scheduling differences.
These data also strongly suggest that shifted Original Comparisons are not

*statistically distinguishable from Originel Cosparisos, either at Baseline
or at first follovup. This interpretation is also equivalent to the con-
cluslon that no additional bias was introduced by scheduling differences
between Original Comparisons and shifted Original Comparisons at Beseline.
Available data on noncompliant Conparisons and their replacements suggest
that, although replacements vere not health-matched to refusals at Saseline,
they are remarkably similar to refusals vith respect to reported health,
medication use, and income level. This result also supports a conclusion
that there has been little, if any, selection bias due to nomparticipotion in
the Comprison group. Thl's conclusion supports the use of the total
Comparison group for all of the main analyses in the body of this report.
Data regarding the fey partially compliant participants at first follovup are
not sufficient to confirm or deny compliance bias calculations published in
the Baseline Report.
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TARIS 5-28.

Medicatian Use of Partially Compliant Vernus
Fully Compliant Nomblack Participants

Group

Ranch Rand Coeparisoia

Compliance Status Medication Use Number Percent Number Percont Total

Full Yes 123 42 167 5e 290
No 832 4 1,043 56 1,875

Total 955 .,0210 2,165

Partial Tys 1 25 3 75 4
No 7 21 27 79 34

Total 8 30 38

TAML 5-29.

Vork Lo= of Partially Compliant Versis
Fully Compliant lomblack Participeats

Group

Ranch Hand Comparison

Compliance Status Vork Loss Number Percent Number Percent Total

Full Yes 796 U 1,010 56 1,806

No 155 44 200 56 355

Total 951 1,210 2,161

Partial Yes 8 22 28 78 36
No 0 0 2 100 2

Total 8 30 38
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During the first AFRS follovup, stringent adherence to quality assurance
(QA) was planned for and upheld throughout the study, from project initiation
to f:.,kl product delivery and acceptance by the Air Force. A quality program
plan was developed for this study cycle, outlining all contract activities
requiring periodic and/or systematic OA and quality control (OC, 'onitortnrg.

The purpose of this chapter is to provide an overviev of the specific QA
measures developed and used by the project team, specifically in the areas of
administrative QC; questionnaire, physical, and psychological examination QC;
laboratory OC measures; data base management OA; and statistical QC.

AMMSA •QUAITYT M

In recognition of the magnitude, complexity, and importance of the AIES,
a Quality Review Committee (QRC) vas established at the initiation of the
third-year follovup for the purpose of providing general oversight to the
APES GA Program and advice on the appropriateness of program management and

* OC actions. The QRC vas composed of senior corporate personnel from the
prime contractor. These independent reviewers remained separate from the
project management staff. The GRC met formally each 4uarter to review recent
study progress and any issues that either bad an impact on study quality or
were perceived as a potential problem.

Assisting the QRC in day-to-day oversight responsibilities ves a GA
officer responsible for reviewing procedures, performance, and work products
from all task wmaagers and key project staff. As part of the monitoring
function, the Ok officer received exception reports from projact task
managers whenever an incident occurred that appeared to affect study quality.
Monthly reports were also prepared for the Air Force, documenting project
compliance with project OA criteria and notin& any instances of non-
compliance.

An additional measure of corporate OC -..s implemented through indepen-
dent OA audits of individual project tasks. Members of the QRC determined
first-hand whether OA procedures for a particular task were being conducted,
whether procedures were app'ot1r~lav' ior the task, and whether OA uas complete
for all aspects of each task.

The remainder of this chapter comprises specific GA procedures followed
for the individual tasks.

OMMOTN&M O XffuA CNthOL

NORC used both. onsite and home-office QA procedures to produce i
comprehensive data set. All AIDS questionnaires were pretested to evaluate
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their completion time and participant acceptability bef..re they vete used at
the SCRP. Onaite OC procedures included weekly obmervation and rating of
each inter-'iewer, editing of every questionnaire at the completion of the
interview, and monitoring of participant evaluation*. The Air Force also
continuously condacted OA observations of all onsite activities. QC of data
processing included manually editing each quawstionnaire, including a
100-percent verification of critical Items for each questionnaire, compu-
terized cleaning (vith both single item and interite.s review for range and
consistency), identifying outliers, and reviewing the actuial questionnaire
copy to reconcile or correct detected errors.

All telephone 3urveys vete monitored for quaality and accuracy of
interviewer performeace by NOIC superiisors. The telephone survey supervisor
monitored 3 percent of each interviewer's calit to a&sure an appropriate
presentation and an accurate transcription of responses. An additional
5 percent of the participants were recontacted after the Interview to eval-
uate interviewer performance and validate that the correct respondent had
been contacted.

NOIC recruited "nd t.rained Interviewers according to the detailed
procedures described in Chapter 3. A minim. number oý intervievers was
&elected to reduce Interviewer vartabil~ty. Additionally, these Individuals
were blin4ed to the participants' exposure status to avoid sany bias.
Interviewers vere required to ask questions exactly as racorded, mad In the
order In which thay appeared. No Fereonal interpretation was 'Ilowed.

An onsite field manager closely supervised each Interviewer's work
regularly, observing individual interviews 'e~ekly during the examination
schedule. The field mannger reported directly to the NORC Project Director
weektly, and wax reviewed by the Projct Director during quarterly site
visits, to ensure direct accountability by the bomw office and the field
manager for promptly resolving any issues.

Specifi~zally, interviewers were checked for accuracy in questionnair4
skip patterns, probing, circling of the cerrect code, control of the inter-
view, voice quality, reading, and use of axxoetiated documents. ilima called
for, the onsite manager 4vve immdiate retraining after each observation aLd
documented the content of this training. At weekly meetings, held with all
Interviewers, the field manager used gateralizations from Individual inter-
viewer performance observations to train aa entire group of interviewers.

The NOIC field managur also monitored participant evaluations of the
study closely and used the information gatbered to plan and implemient
retraining. The manager and staff edited each completed questionnaire before
it was shipped to Chicago, attempting to retrieve missing data while the
study participaint was at, the physical examination site.. Missing or ambigrucus
data vere olso retrieved by telephone when necessary.

Spouse fertility data vere obtained independently of the participant
Interview by sending the mail questionnaire while the study partizipant was
at the examination site, and by having a group meeting for wives who acc~om-
panied their spouses to the clinic site, where they could complete their
question~naires in private. The Assistant Survey Director in Chicago super-
"Osod and edited all interviews conducted at home with participants and
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once the participant and spouse questionnaires were received In Chicago,
* they were edited for completeness by a coding supervisor and staff dedicated

to the APHS for the entire project. Resolution of Inconsistencies was
accompV,*shed by staff me*bWrv, who standardized all raspo~uev prior to
keyionching. Quiatiornnaires wars) than coded, and a 10-percent me)de ws"
done on ropen-anded Item.s. When a batch failed the 10-percent rezode, the
entire batch was receded end the coding staff was retrained. Ore hundred
percent quality control was accoeplished. by the Air Force..

During data entry, rarqge validity cheeks were performed &Wd 10 percent
of the most Important it ems In each questionnaire was verified. Data were
then passed through a computer program *,hat checked for Inter- &ad intra-
column errors. WVa.M errorp were detected. the questionnaires were reviewed
and the errors correcte4. The process continued until no errors waire
detected by the cleaning program. Then, frequencies veto revisved and any
anomalies or er~rors previously undetected were corrected by reviewing the
questionnaires on a case-by-case basis. All corrections were entered Into
the data tape, but no -mWges ware made to the data recorded In the question-
naires. OA reports were generated umnthly, detailing the s~i~ry atatictics
on the nuuibqr of questionnairia, reviewed, the nmuber and types of tran-
scriptions failing QC checks, and the average nwabeL of coding err~ors per
batch processed.

FWMCAL ZhMNhUMN W*U?? COEVAL

OC wasn emphasized in the physical examination, as this data source
provided most of the medical information for clinical and epidemiological

Initial conatru for a high-quality physic-#I examination wan addressed by
a stringent SC!? selection process for all persommel wio *,re tG direc ly
interact with the participants. Bach staff member vas hnnd-selectea fcr the
A!HS on the basimq of expertise, experience, atA a commitment to remain with
thie atudy throughout the examination cicle. Further, the Air Force Technical
Team rvviewwi the credeutials of all key staff membests and approved thooii
participation In the study-

A complete pretest physical examination, Interview, psychological'test,
and laboratotrj workwp was done for 10 volunteers several weeks before thm
scheduled start of the study. Refresher training vlas girds to the darma-
tologists to enhanco their 64fl1 in diagnosing chioracne, tehniques for
dietecting specific heart sounds were reviewed 'iith the internists, and
Siagnosticians ware reminded of the need to reviev Baseline examination data
as thoy formulaited all diagnoses. Further, all aspects of p..tiert cont-act
were reviewed: the Initial inbriefing of the Waticipants, the logistics of
trtnsportation and patient flow within the clinic, atad the fi.Aal outbriefing
by th~e diagnosticiani.

During the examinations, refinements continued whenever operational
problems were detected by, the SCR? staff and the Air Force onsite monitor, or
wheru participsant identified areas requiring Improvement. Both of theme
types of trWorzation v-sre addressed during the weekly clinical OA meeting of
key SCRP staff, chaired by the SCR? Medical Project Director and attended by
an Air Fore,, representative. In adO.ition, written critique forms submitted
by all partici~pants were reviewed In detail at the SCM? weekly meetinks,
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providing additional, Insight. to both temporary shortcomings of the entire
logistic process as vell an the tmosrous strong points of the programs.

Following ezwaination of each participant group, till physical exami-
nation forms were reviewed by the SCR? staff for omissiona, inczmplete
examinAtion., and Inconsistencier. The exasiners or zee-Mniclans "grei quickly
contact..d to correct the data. Speedal a~ort vas mud. to comploet this
review while thri participants veor at the examination vitea. ~In all cases e~f
data correction., '%complete audit trail van saintaitsed. Finall~y, all1
mark-sense phyiical examination forms wnve read by an optical xcwatnr to
emaure total continuity and sensibility of the final exvminati~an contents..
(This subject to discussed in vaore detaAi n the batt:L Nuaagewm~t Quality
Control. oect'jon of this cisapter.)

Complimnce with all anpW'Wts of the physti ci stminatioi VIAs monitored
daily by the Lir Force "msite moni~tor an'i the $31 Nedical ?roject Director.
Additional periodic iunpoetimos were, cond~ucted by thts SC3. Chief of hedicifte
and the SIAIC Principal Invertitwtor. All such clinical re~vitva ware donhe
unobtrusively, and with the full covaswt of the Wat~icipeeut; suggestions or
corrections to the exsmwiwtion procredvre were .wvay's dis..ustied ptivatfhly w~ith
the attending physician. These insper~tIoms emphasised aspe~cts of clinical
toch~iques, sequencing &Awl completeness of the clinical data with renpvet to
the examination forms, AvA thri total blindness of the truvdnations. Cf.
particular note weto the det~inil-e daily log wAtrises of tbe five Air Force
monitors. These ontrles ensueree, couatinuity oif frnowvlee (the monit'jrs
rotated %Vproximw.tely every 2 weeks~) by documenting examiination procedure]
changes and zecoriing events roquiring follwum by, either tha Aiv. force o-r
the prime contractor.

Istablisbmuat of rapport wit.h each st.udy perticl et vas a primary 1pvil4
of all Orgmnizations intvolved io this study. AlthoW rapport buildivg" Wn
not be a traditional QA parameter in wost rfisaw.i'ch stcudios, it In patW*a(Aoat
In the APIS because maintaining the satisfaction of participants anto~rralpia
chem to cnntinue In the study, wAd tht-n a aignifi&cauat reduction in futu..e
xtatist-Ica1 power or bias, or both, Iu avoiided. 3"'.ry st~aff mau~bes'., threre--
fore, ftom the Initial telephione recruiter to the nurse cowrdivt~axs and tbe
Project Wanager, emphasised courtesyt empathy, assistance, and rpersmutalsaed
treatmert of each participant.

L&MAM RT EOUMLT COWMIlL

before the studi was begun, specific QC laboratory pro%:*durax vere
designed, developed, and Implemented to rapidly detect problems related to
test/assay performance, validity of reaguats, analysis of data, and reporting
of rosults. All laboratory asseys for the study were done with state-of-the-
art laboratory equipment =nd techniques. Laboratory facilities all had the
equivalent of Naitional Institutes ol Health liosafety Level 2 (ISL-2)
&pproval ratings and veto certified by the College of American Pathology
(CAP).

He.. .,logy assays were perfoýýmed on Coulter S Plus* equipment;
sedimentation tate determIinations vota performed using the large-tub.
Vestergren method. The Dupont Automatued Chemical Analyzer* (ACA) vas used to
perform the biothemicel &ssays; radioimunoassays (RIA) were done vith
standard test kii.s; and porphyrin was assayed by high-performance liquil



chromatography at the MKayo Molei In R.ochester, Miunesota. 5epatitis 3 teats
* vwere performed using Abbott ktiac, and manually performed eloctrophores~a and

monospecif ic antibodies were 'wed for immn~o-globulin assays. Blood-cell
counts were performed with *%andard microatopy, and Clinitek, a reflectance
spectometry urinalysis, was used for all urinalyses. ALl other assays Vera
done using industry-approved equipment and techuiques.

All laboratory operations were controlled with the use of an Integrated
medical laboratory management Information system that Incorporated direct
device to data base Interfaces foat automated testing equipment, and data
entry for manual tests was pea formed by the laboratory technologists. An
automated audit trail and a at t of comments for technologist entries were
kept for each test so that any OC results could he retraced.

Pxocedural OC Included using instrummtoation and reagents from one lot
number throughout the study. Strict standards of --alibration for all
automated laboratory equipment were maintained at all times.

Trilevel or bilevel controls were used as the primary means for
monitoring the quality of all tests. On every group of participant samples,
one control (low, medium, or high) was run at the start, after every ninth
sample, ind at the end of each tast run. Bach trilevel control wvex used
before repeating It In the run, when more than 18 experimental samples were
analyzed. In addition, split. aliquots were made from ewery tenth patient
sample and were analyse4 separately to measure test reproducibility.

All OC data were analyzed and sumarised in formal OC reports geaeratwt
weekly. QC data were subjected to independent statistical analysis to

* ~produce and analyze time-depeadent trends. For all equipment malfunctions or
other exceptions, a formal OC exception report was prepared by the respon-
sible individual and forwarded to the OA officer and the project management
teem.

An additiotial measure of quality contr?l introduced during the study rai
the CUStif tests run with trilevel controls. In particular, the fast Initial
response cumulative sum (FIR CUSUN) QC technique was used. It has an
advantag, In detecting long-term asutl drift that could have substantial
adverse analytical consequences. FIR is a special case of the CJSWI OC
scheme that increases the overall effectiveness of the OC procedure. Unlike
OC procedures using standard control charts, which compare each observation
to designated limits, these tests utilize the cumulative sum of deviations
,roL a target valum.

CUSUP statistics were accusuuhtd for each of the trilevels to quickly
deý,ect imstrument calibration proilems as identified by excessive drift.
If an out-of-cor~trol situation was indicated, the graph showed when the
change first occurred. Coefficient of variption (CV) standards vere
establisuhed before the study for each test. All adjacent patient sampl.es
vere reAnalyzed after the equipment was thel ,woghly checked and fresh controls
were run.

FIR CUSUN generally has been applied to OC in Industry, particularly In
high-volume, high-precision applications. To our knowledge, HIR CUSUN has
not generally been applied in a biomedical setting. According to SCR?
laboratory -nersonnel, this procedure proved so successful in the AIRS that
most of the SCd? clinical laboratory will begin using it in the near future.
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An t"e examination portion of this study ended, all laboratory outliers
vere analysed for logical validity by an independent clinician. All out-of-
range tAst results vere examined and scored as clinically explainable,
clinic,•lly possible, or clinically unexplained.

Oaiit Coantrol Procedures for ti* I.mm 1_o_ Laboratory

The OC procedures for the Cellular Imunology section of the AVIS were
u*tructured to rapidly detect tny problems in four major test parameters:
(1) assay poirformsnce, (2) reagent validity, (3) data analysis, and
(4) results reporting. The OC measures were aetailed in the Quality Proce-
dures Plan and documented before testing, 3tarted. Compliance was monitored
daily by the Cellular Immunology laboratory supervisor. Key swpects of the
program included instrument and equipsaut callbration and maintenance, assay
controls, accuracy and precision determination, and system failure checks.

OC measures followed in all Cellular "Nmunology assays included:

e Blood sample frome a normal, healthy control individual vith each group
of ANES patient samples

o Duplicate testing of one random patient maple in each assay

* Quadruplicate testing of each pa.ient sample for each variable in each
of the functional assays (e.g., PRA stimulation, natural killer cell
effector/target ratios)

e Parallel testing and monitoring reactivity of various lots of reagents
when appropriate

e Verification of oatient and specimen identification by at least tvo
individuals before final reportinS to the data base

* Note codes attached to any data point with a detected deviation from
normal due to procedural setup error, assay malfunction, equipment
malfunction, or assay techrical error

e Review of all final assay reports by the Cellular Immunology
laboratory supervisor prior to entry into the data base.

QC for each functional assay including phytohemaM lutinin (PRA),
pokeweed, mixed lymphocyte culture (MLC), and natural kil.er cell consisted
of monitoring assay controls, duplicate sanple reproducibility, and any
trends in rgagent reactivity. Assay prccision was determiaed by calculating
the CV of the quadruplicates for each variable tested. Also, a mean value of
the CV for each assay was calculated. Individual CV's of 15 percent or less
were the target values for the stimulated sample& in the mitogen and natural
killer cell assays. The Student's t-test was applied to duplicates to
determine if there vas a significant difference in sampling for the
functional assays. Critical t-values at the 0.05 significance level were
used to determiny if duplicate sample results varied significantly. Grubbs,
statistical test was used to identify any statistically significant outlier.
This test via applied only to samples vhose C19's were greater than 20 percent
at a p-value of 0.01. The mitogen stimulation (PiA, pokeveed) effect vas
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followed by daily evaluation of the radioactive counts in counts ,er minute
*(cpu) fur each mitogen. When counts fell below expected valupi, suggesting

that reagent deterioration had occi.red, new aliquots vere used.

OC measures for the cell surf.kce marker assays were calculation of
T4 T, I/T1  cell ratios, evaluation of flow cytometer computer outp'ts
(cytograms and histograms), and duplicrte sample testing. T ,T /T , cellular
ratios should approximate the value 1.0 for a normal population! 4Vidity of
cytogram and histogram distributions generated by the flow cytometer was
confirmed by the Cellular Imunologr, laboratory supervisor for each sample
analysed. The percent positive cells for each surface marker was determined
in the duplicates and viewed graphtcally using a microcomputer program. Any
significant differencs between duplicates were noted and followed for
abnormal trends.

On completion of this follovup effort, the entire cellular immunology
data base vas reviewed by the Air Force teaz, laboratory staff, and con-
sultants. Co ments attached to che data points were also reviewed. Any data
point that appeared unusual was revieved and identified as an unexplained
outlier. Unexplained outliers were leleted froe the data base as errors of
an unknown nature. This review was conducted without knowledge of exposure
status.

DATA MNA 1- 02 QUA=T CONTROL

Overview of Quali, Control Procedures

The QC program for the data management activity consisted of multiple
checks at all steps of the examination, data collectioq, and data processing
cycle. Data OC procedures for data collection, conve•sion, and integration
were developed before the clinical examinations began. Pretesting of all
forms, procedures, and logistic arranpuents was conducted 3 veeks before the
examinations actually began. Additionally, during the first 2 months of the
clinical examinations, all data collection activities were intensely scruti-
nized to detect and correct procedural deficiencies.

QC activities also included automated OC techniques applied to labora-
tory data, clinical evaluations of all laboratory outliers, review of all
physical examination findings by an independent diagnostician, and automated
and manual data qual!ty checking of hard copy against transcribed computer
files for all questionnaire, physical examination, and medical coding data
streams.

Five interwoven layers of QC were instituted to ensure data integrity.
Efforts focused on (1) data processing, system design, (2) design and adminis-
tration cf all exams or questionnairvis, (3) data completenass checks,
(4) data validation techniques, and (5) quality concrol of medlical records
coding. In some cases, the OC procedures about to be described were
implemented throughout the data managewmnt task rather than &&signed to a
particular activity. These comprehensive OC procedures will be mentioned
where appropriate throughout the remainder of this section.
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Data Proceasing System Design

For each data stream, standards were set to establish data element
forwat (character or numeric), data element naming conventions, data element
text labels, numeric codes for qualitative responses and results, OC range
checks for coaitinuous data elements, and OC validity checks for categorical
data. A data dictionary p',vided detailed information on each data element.

A systems integration api.-oach was applied to the design and implemen-
tation of data co!iection procedurts and techrniques so that data emanating
from the various study sources %7physical examination, ques-ionna!.re,
laboratory) were consistent in file format and structure. This was necessary
to ensure that all data could be integrated into a single data base managE-
-mnt system for analysis. Figure 6-i provides an overview of the QC
activities used in the data base management proces3.

Forms and questionnaires were carefully designed to ensure that all
required data elements would be collected according to the Study Protocol.
The design of these instruments was such that they reflecteA the order in
which the examination itself would be administered and provided for the
sequential recoding of information to streamline remaining data management
activities.

Completed medical records and questionnaires were c'nverted from hard
copy to machine-readable images using customized data-entry systems or
state-of-the-art optical mark reading equipment. VeriVication procedures
were performed to ensure that a uniquely identified participant record
exi3ted within each data file, and that the appropriate number of -:esponses
for each applicable field was provided. Data files werat then ver" '-d
against original data sheets and corrected as necessary.

Data files were then subjected to validity checks. Any potentially
conflicting rrosults as well as any data values falling at the extremes of
expected ranges were manually reviewed. Extreme values were reverified
agair'st the original raw data copies and either corrected or 'ocumented as
valAc results. Potentially conflicting results were returned to the
examitters for review. These results were then documented as correctly
recorded, corrected, or flagged for exclusion from analysis because of
unresolvable examiner errors or omissions.

Once the edits were completed and the dat;. reverified, the "cleanea"
files or tapes were tr•asferred to the data analysis center for final

* inspection and integration into the study data base. For this QC measure,
each data file was loaded into a Statistical Analysis System (SAS*) data set,
and descriptive anv lyses were run. The validation, cn-rection, rransmission,
and analysis QC procedures were repeated as necessary to ensure that all
extreme or suspicious values had been validated.

Design and Administration o. Physical and Psychological Examination Forms

As mentioned, tht ýxamination forms were designed to solicit all
required data such thn" recording time was minimized, comprehension was
enhanced, and data input could occur with a minimum of transcription errors.
Optical Mark Recognition (OdR) technologies were selected to eliminate the
riak of transcription errors and were applied 'o all psychological tests.
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Customized mark-sense forms were also developed wand OKR technology was u~sed
to achieve these same objectives C.or seguenti of the physical examination and
the Aelf-administered questionna'Ares. Thea use of mark-sense forms allowed
the creation of computerized data files directly fr~im the raw data recorded
on these fouuu.

QC procedures for all dvta collectxio instruments began with a review of
all forms iwamediately as they were completed. Aiuy forms containing missing
examination results were returned to the" examining physician )'r com~pletion
before the participants left the siite. Any questionable results or
"hard..to..diegnose" conditions (such as hMart sounds or peripher~l pulses)
Pere verified by the diagnostician at the outoziefikag. All examination forms
were signed by the examining physician, and the examinear identification
number was coded lin the data base so that Interexaminer variation could be
analyzed. Detailed OC records were maintained., which indicated the examin~ing
physician and the type of SefiL:.ency detected. Deficiency reports were
reviewed by the stuidy coordinator to detect any patterni of physician data
entry error. A final level of QC audit was accomplished by Air Force
statisticians, who ccnducted a detailed screening of the data and checked for
errors.

Data Couple temeux CMecks

Customized programing of the OHR allowed fov the identificetion of
those forams (and their corresponding data records) with missing responses, as
v.11 as those with multiple responses to questions that required a single
response. The OHR scanner was programmed to reject forms that failed
coswpleteness and multiple response checks and to output a contcol code for
each rejected f~rm. The control code idcntified the location of the first
three verification checks failed for a given form.

Then a raw data form vas rejected, the reason for the rejection was
determined and the exact data element was corrected by comparing the rejected
rav data form to the value. recorded in the data record created by the
scanner. A customized set of rejection and resolution codes was developed
for the study to describe all the reasons for a form's rejection and any
subsequent reasons for changing a data value. Various codes Identified
values recovered from light marks, missing marks exiplained by examiner
comments, and missing com~ent flags resolved by the presence or absence of
text in the comment areas. Those codes ensured data completeness by
accounting for all questionable or missing responses. (See examples of mark-
sense forms Ina Figures 4-3 and 4-4.)

Some of the re~ecteG forms did not concain actual data errors but rather
anomalies created in uising mark-aents cards for data collection. For
iastance,, incompletely erased responses and responses marked with too little
carbon or graphite were incorrectly counted or missed, respectivel~y, by the
scann~er. Examiners alao tended to cloarly mark responses for abnormal
findings while tbypasing ar lightly aarking responses for expected or desired
Zindings. Failure of the forms to provide the cocract number of excpected
responses alvays resulted in rejection. These tachnology-basad errors were
resolved, as were the anticipated, more traditional errors.

The re~jection code, data location codev resolution code, data
inspector's initials, and correct data value wer~d directly posted to a
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I
participant's data record. This innovative technique not only effectively

* maintained a comprQhensive audit trail of all record manipulations, it also
provided ai mechanism for Eeasuring thi frequency of specific errors.

Careful monitoring identified trends where individual data values were
missed as well as the frequency with which individual examiuers incorrectly
marked their examination forms. Statistics were compiled on out-of-range
results and data omissions that had been accepted in the previous QC audits.
The results were monitored to detect zrands, possible bias situations, and
other data quality problems. This information was reviewed and relayed to
examiners and internal au.itors to assist in preventing or correcting
chronic, but avoidable, problems.

DIata Validation Techniques

QC activities also included data validation techniques. As mentioned
earlier, data files ve:e examined in a .series of verification and validation
procedures developed to check the results within each payticipant's record
for logictl consistency and abnormal findings. Any records noted to have
ambiguous findings, incongruent observations, extreme results, or nonobvious
errois or omissions were listed and submitted for review to a physician.

Again, clinical judgments were made by the auditing physician in
assigning a validation code for each extreme or questionable data result.
The validation codes allowed for indicating that data were deciphered from
examiner comments or from related findings from another specialty area, or
were accurately recorded and logically consistent with other findings for the

* participant. Data points that could not be definitively validated or
recovered through clinical judgment and consultation with the original
examiner were assigned codes noting missing or invalid data values. Theseunrecoverable data points were excluded from subsequent analysis.

Medical Records Coding Qualit Control

Upon completion of the NORC data processing, all AFHS questionnaires
were forwarded to SAIC for the medical coding of reported conditions. The
International Classification of Diseases, 9th Revision, Clinical Modification
(morbidity); International Classification of Diseases, 9th Revision
(mortality); Systematized Nomenclature of Medicine (anatomic site); and
American Hospital Formulary Service (medications) coding schemes were used,
suitably modified. Each questionnaire was coded by two coders working
independently. The results of the two coders were forvarded to the USAF for
100-percent QA/QC and final adjudication. The information from the physical
examination vas coded similarly.

after the coding data were adjudicated, they were returned to SAIC for
data entry. The coding sheets were batched, key entered, verified, and
corrected. The corrections were also verified. The key entry and verifica-
tion functions were performed by. various operators. Five percent, or
100 records of each batch (whichever was larger), was randomly selected and
subjected to manual reverification. An error rate of greater than 1 percent
of this sample mandated reverification of the entire batch. In this final
QA/QC check, the automated files were reviewed and compared to the hard copy
by trained medical record coders, all of whom satisfied the minimum reqnire-
ment of Accredited Record Techiiician or Registered Record Administrator
eligibility.
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A manual tracking system was used co retrieve medical records. A
chronological log was maintained to track participmnt requests for
authorisation to obtain medical record(.), receipt of the authorizations,
requests for records from the provider, afd receipt of the records from the
provider. Identiiying infornation in these logs included participant name,
case number, date of action, condition(s) to be verified, dependent name (if
appropriate), and type of medical provider (Federal/non-Federal).

Due to the intricacies of obtaining medical records from Federal
f,.ilities, this task ultimately became the responsibilily of the Air Force.

STATISTMCAL ANALYSIS MITT CMDOL

Specific OC measures vv-e developed for activities falling within the
statistical analysis task: construction of data bases for the statistical
analysis of each cliacal chaptar, the statistical analysis itself, and the
production of statistical reports to serve as the basis for the clinical
chapters.

Bacb specialized statistical data base vas constructed by defining and
locating each variable within the amy subparts of the composite follovup
data base. Lists of variablas and their data sources were submitted to the
Air Force for appxroval. Although the data had been subjected to OC
procedures during collection, statistical checks for outliers and other
improbable values were conducted; anomalies idemtified by the statisticians
were discussed with those responsible fo. the data collection, i.e., either
NORC or SCRF.

GA largely depended on regular communication and general agreement among
statisticians. Several meetings and consultations among the Air Force team,
the Principal Inveatigator, the SAIC statisticians, and the University of
Chicago staff members were held in conjunction with the development of the
data analysis plan. During the course of the analysis there vera frequent
telephone conversations. Any problems arising in the statistical analysis
were resolved by team discussion. The software wms checked by conparing
results from analyses on the same variable by different programs (for
example, 3MDpo-LR [logistic regression] and DNDPF-4F [log-linear model]
will givea the same esults for dichotomous variables when the program options
are chosen properly). The statisticians frequently checked that the number
of obse-vations used in an analysis was correct, and peor review ensured that
the program code was appropriate for the chosen procedure, The analyses were
conducted in accordance with the data analysis plan which vms reviewed
extensively. Throughout the study, duplicate data bases were maintained by
the USA? aad SAIC. Upon completion of the analyses, SAIC delivered all
analysis software and SAS data sets for each clinical area to the USAF for
final review and archiving.

All tables and statistical results vere checked against the computer
output from which they were derived, and all statistical statements in the
text were checked for consistency with the results given in the tables.
Additionally, drafts of chapters in the report were reviewed by the USAF and
SAIC investigators, and the QRC.
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CArm 7

STATISTICAL WKT00

This chapter sumearises the key statistical elements of the study
design, the statistical analysis issues, and the specific statistical methods
used in the analysis. Additional details may be found in the USAV Study
Protocol.

The primary focus of the statistical analysis was a contrast of health
status of the Ranch Hand and Comparison groups. Assessments were made of the
proportions of participants with abnormal findings and of mean levels of key
laboratory measurements. The analynes encompassed both simple contrasts
between the two groufs and more complex methods, in which adjustment was made
for important covariates.

In additior to these analyses, the possibility of an increasing response
of medical problems with herbicide dose was explored, since if indeed there
were an effect, more problems would be expected among the more heavily
exposed. Although exact dosage information is not available, an exposure
index vas developed for the exposed population (the Ranch Rands) that approx-
imates the potential herbicide exposure of each individual, Incorporating

* information such as the occupation of the individual, his period of duty in
the spraying operation, and the numbers of barrels per day of herbicide used
during that period. Details on the exposure index are given in Chapter S.
Dose-response analyses were conducted for the Ranch Bands only, using this
exposure index as a surrogate measure of dome.

Interpretation of the results of the exposure index analyses, however,
depends critically on the accuracy of the exposure index, which presently can
be regarded as only fair. (Improved dosage information will be obtained for
future studies from recently developed serum dioxin assay techniques.) Thus,
the analyses of overall group differences betveen the Ranch lands and the
Comparisons are given primary emphasis, and the exposure index analyses
merely supplement them.

STATISTICAL STOUT D•SIG

An overt herbicide effect would be characterized by more symptoms,
signs, abnormal laboratory tests, syndromes, or diseases in the Ranch land
group than in the Comparison group. If the disease(s) were fatal, increased
mortality might also be observed. A subclinical herbicide effect would be
detected as -A increase in abnormal findings on the physical examination
(particularly laboratory tests) that may or may not also be associated with
symptom reporting or increased mortality. Thus, the basic objective of the
statistical analysis is to test for differences between the Ranch Hand
(cxposed) group and the Comparison (nonexposed) group.

0
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In general, two types of data are used ia the analysis. 7irst, there
are subjective data on symptoms reported by the participant in the question-
naire and in the reviev-of-systesa section of the physical examinatior.
Second, there are objective data, vhich include medical findings or signs
identified d'iring the physical examination, or by reviews of laboratory
results, mwdical records, and death certificates.

Symptoms reported by the study participants are subjecetive by defi-
nition, and are subject to influences that could result ins erroneous con-
clusioIus. An association found between reported symptoai and herbicide
exposure must be subjected to further confirmation, as the observations may
result from over- or under-reporting bias and may not be indicative of a true
herbicide effect. On the other hand, the medical findings data do not suffer
frym the same degree of participant influence.

The medical findings and medical records review were conducted by highly
trained individuals employed for the duration of the data collection and
assessment phases of the study. 1hey were held to stringent OC standards, as
described in Chapter 6, to ensure that these data vero as objective and
accurate air possible.

Incorporated in the study t'isign is a feature that attempts to check for
and correct symptom-reporting errors. A key component is a reported symptom
verification process cond';cted by reviewing particijimt medical records and
findings from the physical examiaation. In the retrospective morbidity
portion of the study, the participant is questioned on oast illnesses and
medical conditions. With the participant's consent, an efifort is made to
obtain the medical records to verify the reported condition and, thus,
to substantiate any unveriried conditions. In additif, the study design
includes verification of negative responses to determine unreported
conditions. The medical record reviev process is timi intensive and only aportion of the data yas available for analysis In this study. Over-reporting

was assessed by comparing the reported illness rates with the results of the
physical examination and medical ra.ord review. Siailarly, the assessment
and correction of under-reporting requires the review of medical records to
identify unreported illnesaes. Obviously, this under-reporting assessment is
restricted to conditions for which medical care vas obtained or that were
identifiable at the physical examination.

STATISTICAL ISSUES

In conducting the statistical analysis of the data in this study, there
are a number of underlying issues. Except for bias, which is the topic of
Chapter 5, these issues are discussed in this section. However, based upon
the ragults of the bias analysis presented in Chapter 5, all statistical
analyses in the clinical chapters use the contrast of lanch Bands versus the
total Comparison group. For the purposes of completeness and cross-reference
to the Baseline report, identical analyses using the contrast of the Ranch
Hands versus the Original Comparisons have been conducted, and these results
are presented in the form of summary tables in each chapter appendix.
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Intervening Variables

Men comparing ary two groups of individuals, the exact proportion of
diseased individuals in each group is usvAlly found to differ. The rurpose
cl classical statigtical hypotheiis testing is to determine whether the
observed difference in disease rates could 6e due to chance alone. If the
observed difference is not attributable to chance, the tvo groups are
considered representative of tvo truly different populations.

If a s&tatistically significant difference is found between the Ranch
Rand giroup and the Compison group, results fro* more rigorous statistical
procedures must be examined and the medical context considered before the
possibility of a causal relationship between 4isease and group (exposure) can
be entertained. Alternatively, the absence of a statistically significant
difference between groups does not exclude the possibility of a true causal
relationship between exposure and disease. Thus, group associations, whether
significant or not, should be examined with adjustment for other variables
called intervening variables (explanatory variables, risk factors, or
covariates) that may account for, or mask, a true effect. For example, the
two groups might differ with respect to age or racial vomposition, each of
which may affect the outcome of the study. To protect agaist this, the
technique of matching was used: The Ranch lands and Comparisons were matched
on age, race, and military occupation.

Since it is not feasible to perfectly match a Comparison to an exposed
individual with respect to all important explanatory variables, statistical
procedures may be used to adjust for such explanatory variables so that valid
interpretations can be made of apparent group differences. Thus, it was

* necessary to identify and collect data on suspected explamatory variables.
Unfortunately, there I* no way to nsuroe that all important inteveming
variables are taken into accont. The best mtbhl that cm be achieved is to
incorporate all known covariates in the data collection sod analysis.

In most studies, covariates are variables measured prior to exposure.
Novever, in the AESM, except for tte matchirg variables and historical data
related to events prior to service in Soutbh•t Asia, most covariate values
were obtained at the Baseline or first fell" interview sad phrsical
examination, vhich occurred 10 to 20 years following exposure. Tbese
covariates can generally be referred to as tes d ent covariates. They
can elucidate the causal path betren exposure and a particular disease;
however, they are in a sense both tepemdent 4-A inde;emdent variables, Nd
therefore, analyses involving such covariates require careful interpretation.

Besides covariates, both confounding variables and interactions msat
also be considared. A confounding; variable is an intervening variable
associated with both disease and axposure. (This is in contrast with a
covariate that is associated only vith disease.) Adjustments must be made
for confounding variables to avoid a biased estimate of the group-disease
relationship. An interaction exists when the effect of one variable varies
across the levels of another variable. for exaniple, the group difference
might be large in one occupation group and negligible in another. Incor-
porating interactions in the analysis allows for the identification of
subpopulations at increased or decreased risk.
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Conducting a statistical test using a Type I error, also called alpha

level, of 0,.05 (ca =0.05) means that, on the average, in 3 cases out of 100, a
false con'clusioirs that an association (herbicide effect) exists would be made4
when ina reality, there is no a~ssociation. The other possible inference error
(called a Typo 11 nrrar) is that of failing to detect an association when it
Mctually exists. The probab~ility of r Type II error (j9) for a statistical
test is I minus the power of the test. The power of the test is the proba-
bility that the test will reject the hypothesis of no hevt'icido effect when
an effect doe&u in fact exist. Th* power of a test depends on the group
sample sizes, th* disoase prevalence rate, and tho tru~e group differxi~ct
measured in terms of relative risk.

Table 7-1 contains thae %pproximate sample s~x* required to detect
specific relative risks with an approximate power of 0.8 (0 .0.2) using an
alph~a level of 0.05 for a tva-sided test and assuming equal Ranch Send and
Comparison group sixes and unpaired analyses. Relative risk is the ratio of
the disease prevalence rate of the Itanch Band and Comparison groups. Condi-
tions or diseases with comparison populatioa prevalence rates an4 exposed
group relative risk~s corresponding to th~ose below the heciry black line on the
table car. be detected with an approximate 0.8 probability with the sample
sixes used In this x-tudy.

Table 7-2 provides the sume information for continuous variables In
terms of percentage mean shift and variability, assuming unpaired testing of
a normally distributed variable and wqual sample sites.

Iai the first fo..iovup Of tI"'i AP..A, 1,016 Ranch Bands participated In t~e
physical examination. In this size gr~oup, the chance of identifying zero
cases of a disease with a prevalence of 1/500 or less inz greater than 10 per-
cent. Table 7-3 contains the probability of encounturing no caeao of dtisease
statis for cumulative prevalence rates of 1/200, 1/500, 1/1,000, 1/2,000,
1/5,000, and 1/10,000.

Multiple 2ndpoints and Comizoins

In dev~loping the Protcctl for the AFHS, previoa~s animal and epidemio-
logic studies, tase repctsr ant, veterans' concerns were reviewed to delin-
*at~e che possible erects of oxp.-sure. The *-oaclLjion wvat reached that a
comprehensive evalurtion wax nz-did due to tha lack of ;ýn easily identifiable
symptom complex in individual patients. Consequently, th, morbidity study is
very broad ir. scope, involving the collection and analyvsis of data related to
general health indice3 as well ar specific organ systems and clinical disease
catesoriis.

The large nu&Lor of aradpoi~ts uider consideration presents a difficult
problem in the ass.=s-ent of T,-pt I etror rates. More th~n 150 dependent
variables were tested, not ,,, mention tests for interaction and multiple
contrasts amortg the low, medium, and high exposure-level categories in the
exposura. index rnalyses. Furthermore, the dependent variables were cor-
releted to varying degrees, and this makes it even mort difficult to assese
the attained signific~.nca levils. TO allow for multiple endpoints'. Bon-
Eerrnnils inecquility, which requires .uignilicance at the a /K level where K
is the number of endpoints conaidered, may be used, but thi3 procedure4
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1,410,02 391,90M 117,%4 39,14 21,766 14,690 10,9M 89,73 7,193 6,118 5,317

10 2U19 78,301 23,44 7,824 4,34A 2,930 2,187 1,735 1,433 1,218 it
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TANU 7-2.

"3oqui•s• 1mple Uses To Dtett Gromp Dtfferemcen
ii Tvr-SSPIe Testin As smumng aqsw SIape Sias*

(Eimu Shift Calcal.aioms)

Non shift Variability (./0)

0.05 0.10 0.25 0.50 0.75

0.52 1,568 6,272 39,200 156,800 352,800

1. Ox 392 1,56a 9,800 39,200 88,200

1.32 175 697 4,356 17,423 39,200

2.02 96 392 2,450 9,800 22,050

2.5Z 63 251 1,5lv 6,272 14,112

5.02 16 63 392 1,566 3,528

7.52 7 28 175 697 1,568

10.0Z 4 16 96 392 882

*This study has unequal sample sizes; therefore, the tabled values are
understated. The similar table in the laseline Morbidity Report, 24 February
1984, is ii error because t ,bulated sample sizes vere only one-half of their
correct values.
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TA]L, 7-3.

Probability of Zero Cases as
a Phmction of Prevalmce

?robabiiity of FKilai
Zero Cases in a Group

Disease Prevalence of 1,016 Participants

1/10,000 0.903
1/5,000 0.816
1/2,000 0.602
1/1,000 0.362

1/500 0.131
1/200 0.006

becomes Incteasingly more conservative as the correlation among the endpoints
incr,,ses. For the analysis results in this report, an alpha lvel of
0.05 fts used for each dependent variable. In addition, group contrists in
strata defined by levels of a covariate Involving in a group-by-co-ariate
interaction vero assessed by an alpha level of 0.05. The same vas true for
exposure livel strata.

In light of the multiple-endpoints problem, extreme caution In the
interpretation of statistical results vas required. A first consideration
vas the strength of the association in terms of the sigipficance of the
relative risk or difference in group means. All associations vith p-values
of 0.10 or less vere examined and are described in this report. Then,
careful conwderation vas given to the pattern of statistically significant
results. Vere only a fay sporadic endpoints statistically significant, or
vas significance achieved on a number of endpointz inditp.ting the same organ
system failure? Were the significant results all in Oe same direction, and
did they make biological and clinical sense? Did they confirm previous
studies, or vert they nev findings?

Paired Versus nwired

Matching uubjects in a study design on selected variables improves the
comparability of the groups to be compared and, depending on the relationship
of the matching variables to the study objective, the matching can be used
explicitly in the analysis. In this study, the Comparison group vas matched
to the, exposed group on age (to the nearest month of birth), race (Black,
nonblack), and occupational category (officer-pilot, officer-navigator,
officer-nonflyer, enliated flyer, enlisted groundcrev). The matching vas
exact for occupational categry, nearly exact for race (three mismatches
occurred because of recording errors), and very close vith respect to age
(69% of the mortality population vas matched to the nearest month of birth
and more than 95% to the nearest year of birth).

The general approach in this report, hovever, vas to conduct unpaired
analyses using all available data, based on stratificatJon and/or covariate
adjustment. In an wupaired analysis, the matching still serves to improve
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the comparability of the two groups, and precision is usuaily gained from the
stratification and covariate adjustment.

Nortality and horbidity Data

The AFHS incorporated both mortality and morbidity indpoints. The mor-
tality data have ba,,a "I v11' cont.int- to bo, subjected to separate anal-
y3is. Icterpretation of the morbidity analyses must be made in the i1ght of
the mortality results, particularly as the study continues and the number of
deaths increases. Differential mortality in the two groups could obviously
have an important impact on contrasts of physic3l examination findings in the
surviving cohorts. This issue vas examined in the analysis of selected
diseases, for example, cancer.

Cutpoints

The variables in this study vere discrete, categorical, or continuous.
MAny served primarily as dependent variables, and vhen in the continuous
!orm, powerful analyses vere possible. In other settings, particularly when
log-linear or logistic regression models were fitted, it is often necessary
to dichotomize or discretize the continuous variables. Discretization, by
establithing suitable nonoverlapping intervals or cutpoints, vas often the
result of a judgment requiring both statistical and clinical input.

In general, cutpoint decisions considered the form of the variable,
distribut:on of the variable, established values (c.g., cholesterol, normal-
abnormal, as specified by a given technique in a given laboratory), scien-
tific values set by precedence (e.g., systolic and diastolic normal threshold
140/90), and error induction by another v~r'able (e.g., use of the blood
pressure threshold in obese-armed individuals). The approach tu the selec-
tion of appropriate cutpoints was to select all cutpoints on a case-by-case
basis and, where indicated, use the norms of the SCRF labiratory.

Exclusions

Due to medical considerations, certain subjects were excluded from the
analyses of selected cinical categories. The exclusions were generally
defined in the Baselina study and are identified in the clinical chapters of
this report. Other exclusions were the result of missing data.

OVKRVIBV OF STATISTICAL PROMMZS

This section summarizes the basic statistical approach used in the data
analysis nf the first foll'•z of the AFUS. The approach consisted of four
parts: (1) preliminary waalysis of the dependent variables and covariates to
check for data anomalies and to obtain a general overview of the data,
(2) core analyses to ca?:efully determine any possible effect of heobicide
exposure, (3) analysis of the exposure index to investigate the dose-response
relationship for the Ranch Hand group only, and (4) longitudinal analysis to
examine changes over time. A summary of the statistical techniques utilized
is provided in Table 7-4. This basic approach was utilized in the analysesfor each clinical category.
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TABLE 7-4.

Sumary of Statistical Procedures

Chi-Square Contingency Table Tect

The chi-square test of independence 2 is calculated for a contingency
table by the following formula:

e - t(fO-fo)31f
where the sum is taken over all cells of the contingency table and

fuobserved frequency in a cell

f*.expected frequency under the hypothesis of independence.

Large values indicate deviations from the null hypothesis and are tested
for significance by comparing the calculated le to the tables of the
chi-square distribution.

Fisher's Exact Test

Fisher's exact test 2 is a randomizati(;n test of thQ hypotheri' of
independence for a 2x2 contingency table. Thia technique is useful for
1mell samples and sparse cells. This is a permutation test based on the
exact probability of observing the particular se*t of frequetties.

General Linear Model Analysis

The form of the aeneral linear model' for tvo independent vari'leas iL:

YT - ÷n a2 + 132X+X2 +

where

Y a dependent variable (continuous)

at = level of Y at X1 - 0 and X2 = 0, i.e., the intercept

X,,X2 - measured value of the first and second independent variables,
respectively, which may bn continuous or discrete

01,02 - coefficient indicating linear association between Y and X,, Y
and X2 , respectively

012 a coefficient reflecting the linear interaction of X1 and X2

C = error term.

This model assumes that the error terms are independent and normally
distributed with & mean of 0 and a constant variance. Extension to
multiple independent variables and interaction terms is immediate.
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TAILI 7-4. (continued)

Sumawy of Statistical Procedures

Linear regression, multiple regression, analysis of variance, and
analysis of covariance are all examples of general linear model
analysis.

Kolmogorov-Smirnov Distribution Test

The Kolmogorov-Smirnov (K-S) test3 is a nonparametric procedure which
assesses differences between the distribution of two samples. Specifi-
cally, the K-S procedure tests the hypothesis that populations and
are identical and is designed to detect all possible deviations rom
this hypothesis. The assumptions of the K-S test are that the observa-
tions from the two samples are mutually independent and that both sets
of observations are samples from the same distribution.

Logistic Regression Analysis

The logistic regression Model,2 4 enables a dichotomous dependent
variable to be modeled in a regression framework with continuous and/or
discrete independen: variables. For two risk factors, such as group and
age, the logistic regression model would be:

logit P - at+ X1 + 03X2 + .iXZX + €

where

P = probability of disease for an individuul with risk factors X,
and X2

logit P - ln (P/1-?), i.e., the log odds for disease

X1 = first risk factor, e.g., group

X2 M second risk factor, e.g., age.

The parameters are interpreted as follows:

log odds for the disease when both factors are at a 0 level

a coefficient indicating the group effect adjusted for age

0 M coefficient indicating the age effect adjusted for :group

012 cOeficient indicating the interaction between group anA age

C - error tevm.

In the absence of an interaction (0 = 0), exp(I) reflects the
adjusted odds ratio for individuals -n Group 1 (X' = 1) relative to
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TAWLK 7-4. (coutinuted)

Summary Of statistical Procedures

Group 0 (xI - 0). If the probability of disease is small, the odds
ratio will be approximately equal to the relative risk.

Homogeneity of the odds ratios sacross different strata vas assessed by
the method of Breslow end Day.

Throughout this report the adjusted odds ratios are referred to as
adjusted relative risks. Correspondingly, in the absence of covariates
(i.e., unadjusted analysis) the odds ratios are referred to as estimated
relative risks.

Proportional Odds Model

The proportional odds modelo allows for the analysis of an ordered
outcome variable. The model assumes that the odds of falling below a
certain level rath-er than above it for individuals at different levels
of en independent variable X are in constant ratio. For example, if the
response tm, ies one of the four values "excellent," "good," "fair," or
"poor," and X is a simple indicator variable designating group (Ranch
Hand versus tomparison), then the proportional odds model states that
the odds for responding "excellen." versus "good," "fair," or "poor" in
the Ranch Hand group are a multiple, exp(0), of the corresponding odds
int the Comparison group. Likewise, the odds for responding "excellent"
or "good" versus "fair" or "poor" in the Ranch Hand group are the sane
aultiple, exp(P), of the corresponding odds in the Comparison group, as
are the odds for responding "excellent," "good," or "fair" versus "poor"
in the two groups. Thus, the model is appropriate whenever one
frequency distribution is "shifted left" relative to another distri-
bution. Incorporation of other variables into X allows the estimation
of proportional odds ratios adjusted for covariates.

Let the ordered response Y take values in the range 1 to K, and let
n,(X), ir1,...,K, dernote the probability of responding at level i for an
individual with covariate vector X. Let Kc(X) be the odds that Y< j
given X, i.e.,

K• (x) - R, (D.+n2..). +-.Q
•÷•1 _) + nJ(_X) +÷...+ n,(X)

The proportional odds model specifies that

KJ(X) - Kj exp('_X), for constant K
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TABIB 7-4. (continued)

Summary of Statistical Procedures

Thus the ratio of odds for individuals at covariate levels 11 and X2 is

ýJ Q, )
KIQ:) '. exp(1'(X, - X2))
Kj (• 2 )

and depends only on X- 2 and not on J.

Log-linear Analysis

Log-linear analysis 2 is a statistical technique for analyzing cross-
classified data or conttngency tables. A saturated log-linear model for
a three-way table is:

ln (Zijk) Uo + UI(i) + U2 (j) ÷' U3 (k) + U1 2 (ij) + U2 3 (jk) +

U1 3 (ik) + U 1 2 3 (ijk)

where

Z ijk expected cell count

Ui(i) - specific one-factor effect

U 1 2 (ij) - specific tvo-factor effect or interaction

U1 2 3 jk) - three-factor effect or interaction,

The simplest models are obtained by including only the significant
U-terms. Adjusted relative risks are derived from the estimated U-terms
from an adequately fitting model.

McNemar's Test

McNewAr's test 4 effectively con~iders discordant pairs in which only the
Ranch Hand or only the Comparison member in each pair experiences the
abnormality. Using a chi-square approximation with continuity correction,
the following statistic is used to test whether the off-diagonal entries are
evenly divided:

(lb-cl-1)'

b+c

Where b and c are the number of pairs in which only the Ranch Hand is
abnormal or only the Comparison is abnormal, respectively. This test is
compared to a chi-squared distribution with one degree of freedom.
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TAlI.3 7-4. (,'aomtiz..e)

SUMMy of Statistleal Frocefem

Test for Linear Trend

For a kx2 gontingency table In vhich the k groups fall into a natural
order, Armitage developed a test for a linear trend in the proportions. Let
P denote the proportion of individuals In the ith roy possessing some
attribute (e.g., proportion of individuals vith abnormal values at eech of
the thr' -.- exposure level categories). A score, I is assigned to each of
the k levels of the rov variable, and the regression coefficient, 1; of P. o.
Xi Is estimated. The regression coefficient is estiw..ted in the usual ray
except that PI is veighted by the sample size, n,, in oach roy. *SE('S)
provides a normal deviate for testing the null hypotheses of - 0.

0
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The preliminary analysis included the calculation of basic descriptive
measures for the dependent and independent variables (covariates), for each
group (Ranch Hand and Comparison). The descriptive measures included
frequency distributions, histograms, mean, median, standard deviation, and
range. These analyses provided an overview of each variable and the
relationship of the Ranch Hand group to the Comparison group. In addition,
the preliminary analysis provided insight for the construction of composite
variables, the plausibility of normal/abnormal limits and cutpoints, and the
choice of possible tiansformatJons to enhance the normality of the distri-
bution of continuous dependent variables.

Another purpose of the preliminary analysis was to examine the relation-
ship between the covariates and the dependent variables and the relationships
betveen esd among the covariates. To accomplish this, cross tabulations of
discrete variables were constructed and analyzed by the chi-square, or
Fisher's exact test. For continuous variables, simple t-tests of group
differences were done and product-moment correlation coefficient4 were
eomputed. The preliminary analyses were accomplished with the use of the
SASO. Selected covariate tables are presented in the clinical chapters for
iliustration.

Core analysis

The core analysis consisted of a series of steps taken to ascertain
whether or not the data indicated a significant difference between the Ranch
Hand and Comparison groups 4or each dependent variable.

both unadjusted and adjusted analyses were perf-ormed and are presented
for each clinical chapter. Unadjusted analyses are simple contrasts between
the R4a..h Hand and Comparison groups of the mean values, or proportion with
abnormal velues, of each dependent variable, by t-tests, one-way analysis of
variance, Fisher's exact test, or chi-square tests, as appropriate. Adjusted
atalyses take into account important covartates in the assessment of possible
group differences, i.e., the covariates are included in the general linear,
logistic ragressionl, proportional odds models, or log-linear models.

Continuous Dependent Variables

Then the dependent variable vms continuous, the general linear models
(GLU) procedure of SASO was i sed to tit a sodel of the dependent variable in
terms of the group indicator (Ranch Hand or Comparison) and appropriate
covariates, and interactions between covariates. The covariates could be
continuous or categorical variableb. If necessary, the dependent variable
was transformed prior to aalysis by a transformation (e.g., logarithm) to
enhance normality of its distribu•ti.on. When a "best* model was fitted,
according to the strategy outlined below, the test for significance of the
group difference was then.done on the adjusted group means, provided there
were no significant interactions between the group indicator and any of the
covariates. Group differences in the presence of interactions were assessed
using stratification by different levels of the covariate(s) involved in the
interaction or estimation of group difference3 at selected covariate levels
using the best model identified.
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Pof some non-normally distributed dependent variables, the Kolmogorov-
Smirnov (K-S) test of significant differences between the distributions of
the variables in the two study groups was conducted. The K-S test is a
nonperemetric test for the equality of two distributions designed to detect
broad classes of alternatives.

Categorical Dependoant Variables

Discrete dependent variables were analysed by nethoda parallel to those
used for continuous variables. For dichotomous variables, logistic
regression was carried out by the program ODP*-LR; for this analysis, the
covariates could be either continuous or discrete. For polychotomous
dependent variables, where the number of categories was three or more,
log-linear modeling was performed by the use of the program lNDPN-4F, by
incorporating the full (k)-factor interaction term involving the (k)
covariates used in the model. For this type of analysis, all covariates had
to be categorized. The models were fitted by the method of maximum
likelihood.

To make the results parallel to those obtained by logistic regression,
i.e., because of the distinction betveln dependent and independent variables,
the marginals vere fixed in the model, effectively converting the log-linear
model into a logit model. The significance of the relative risk for group
vas determined by examination of the appropriate model, as determined by the
study, that includes all statistically significant effects and the group
indicator or by examination of the significant interactions. Adjusted
relative risks were derived from the coefficients of the appropriate model.

Modeling Strategy

In each clinical category, many covariates were considered for inclusion
in the statistical models for adjusted group contrasts. The large number of
such covariates and consequent interaction terms and the resulting difficul-
ties of interpretation forced the adoption of a strategy for identifying a
moderately simple model involving only significant effects. Interpretation
of possible group differences was then made in the context of this simple
model. A schematic representation of the generalized modeling strategy is
provided in Appendix 3.

An initial model including all two-factor interactions and all three-
factor interactions involving group was examined. C'lobal tests at the
0.15 level, or individual tests at the 0.05 level, were used to screen out:
unnecessary three-factor interactions. A hierarchical stepvise deletion
strategy was then used, eliminating effects with p>0.05 (except the'main
group effect) and retaining lower order effects if involved in higher order
interactions, to result in the simplest model. Interactions between
covariates, if significant, were retained as effects.

The analysis was carried jut by different statisticians,"and thore are
necessarily subtle differences between them in presentation and approach.
This, however, should not affect any of the final conclusions as to group
differencus. In some chapters, for instance, adjusted grouý means are
presented, and in others the differences betvwen the adjusted group means are
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presented. In each case, the same conclusion mWy be drawn since the statis-
tic of relevance is the difference between the adjusted group mean and the
associated p-value. Furthet, if an interaction of group with a continuous
covarlate ias found, two equally valid methods were used to illustrate how
the Interection was arising. One method was to categorize the continuous
covariate and describe the group differences within each (covariate-defined)
stratum. Another technique was to present group differences for several
,elected values of the covariate. Further, in the presence of small frequen-
cies of abnormalities, exposure index analyses were occasionally carried out
using only the main effects model (i.e., using group and all the zovariates
but not Including interaction terms).

It is recognized that, due to the large number of group-by-covariate
interactions examined (up to 7 per dependent variable) for some 150 vari-
ables, some of the group-by-covariate interactions judged significant at the
0.05 level may be spurious, i.e., chance occurrences and not of biological
relevance. This is analogous to the concept of Type I error for a two-sample
adjusted contrast.

Mhen several covariates are used in an adjusted analysis of the group
contrast for a single dependent variable, and each group-by-covariate
interaction is tested at the 0.05 level, the chance of finding at least one
that is statistically significant is, of course, greater than 0.05; this is
assuming that there is no group effect or group-by-covartate interaction.
)v much greater depends on the interrelatedness of the covariates and their

association with the dependent variable.

For a study of this size, vith many interrelated dependent variables
being examined, it is not known how to estimate the number of group-by-
covariate interactions that may be due to chance alone. lowever, this
frequency clearly will be more than 5 percent. It is noted that this concept
shoulO' be considered when significant group-by-covariate interactions are
intew v.eted. Further, it is Important that the sise of the p-value
associated with each group-by-covariate Interaction be carefully weighed, as
shv"'d be the pattern of the interaction findings for related dependent
%•'. *~les.

WP. AZ IUU ANALYS&S

As described in Chapter 8, the exposure index was constructed to portray
the loe 1 of dosq of the herbicide for the Ranch Rand or exposed group only.
xp•o•Ure index analyses were conducted on all dependent variables. The

objet -a of the analyses was to determine if there was a difference in the
levels of the dependent variable corresponding to the levels of the exposure
index.

The exposure index was trichotomized as high, medium, and low,
separately, for each of the three occupational groups: officer, enlisted
flyer, enlisted groundcrev. Thus, separate analyses were conducted for each
occupational cohort. Discrete dependent variables were evaluated using
log-linear and logistic regression models, treating exposure level as a
categorical variable (by means of two indicator variables) and adjusting for
covariates. For continuous dependent variablqs, a general linear model was
fit, adjusting for covariates and using two indicator variables to designate
exposure level. Contrasts between medium and low, and between high and low
exposure levels, vere also exastined. 4
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LeI :T v a NL MAILYMl

Another objective of the APES is to observe the Ranch Hand population
and the Comparison group carefully over time for the emergence, or delete-
rious rate change, of symptoms, signs, laboratory parameters, or frank
disease. This folltwup objective is not without scier ific and logistic
challenge, considering mobile populations, problems of loss to study,
changing laboratory methods and diagnostic criteria, and tie diversity of
many changing factors over a period encompassing numerous followup
examinations. The following sections describe the statistical procedures
used for both continuous and categorical longitudinal data.

Continuous Data

A repeated measurements analysis of variance procedure' was used to
analyze the variables measured on a continuous scale. The model for the
dependent variable (Y) easurem•t on the kth participant (N) in the ith
group (mi) ut the jth time (1s) is as follows:

Y Lik - I"' +01 + %11 +1, go, 1' i

The sources of variation and associated degries of freedom are given
belov:

Sz=uca Derees of Freedome

Group (Ranch Band vs. Comparison) 1
Subject/Group 2,108
Time (Baseline vs. Follovup) 1
Group-by-Time 1
(Subj•ct-by-Time)/Croup 2,106

*Based on 971 Ranch Bands and 1,139 Comparisons.

The primary source of interest is the Sroup-by-time interaction (a4j).
With measurements on each participant at only tvo times (Baseline and
follovup), a test on this interLction is equivalwdt to a test on the equality
of mean differences (Baselibe minus fellovup) between the Ranch H3nd and
Comparison groups.

Care must be taken in the interpretation of the main effect, time (0)
(i.e., overall Baseline mean versus overall follovup mean). This effect is
totally confeunded with laboratory differences, and with over 2,000 partici-
pants, "significant differences', come easily.

The source of variation due to group ( ) reflects a difference betveen
the overall Ranch Hand and Comparison meanslaveraged over both times). This
source should complement the group difference findings at Baseline and at

0
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follovup, provided the group changes vere conbistent (no significant group-
by-time Interaction). All available participeants were used at each Baseline
and follovup analysis, while only the participants vith both measurements are
included in the repeated measurement analysis.

Covariates were not used in these analyses. Geternlly, time-independent
(e.g., year of birth) and time-dependent (e.., smoking) covariates can be
used. Only the time-dependent covariates would affect the primary source of
interest, namely the group-by-tim interaction. Neace, all of the previously
considered time-independent covartates would affect only the main group
effect, a source not of primary interest since it is being considered in the
separate cross-nectional analyses.

Categorical Data

Frequently, data were collected as normal-abnormal, or continuous
measurements were discret'.zed into this binomial response. For each Ranch
Eand and Comparison group, a Baseline versus follovup 2x2 (normal-abnormal)
table of frequencies was prepared (paired data):

Followup
Uanch Hand Compari son

Abnormal Normal ibnormal Normal

Abnormal orAbnormalI
Baseline

Norima N~ormalli

As vitb the McNemar test, only the Abnormal-NWormal and NorMnl-QjMbor1al
off-diagonal data were used in further contrasts. A conventioea~l test was
used to test the null hypothesis of a comparable change patterv for the two
groups (unpaired data).

Change Pattern
Normal- Abnormal-
Abnormal Normal

Ranch Band
Group

Comparison x I

This test is equivalent to Jtsting no group-by-time-by-endpoint interaction
in a matched pair analysis.
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This chapter describes the development of the exposure Index of the
AIES. Portions of this chapter are paraphrased from the Baseline Morbidity

RepIort, 24 February 1964.
An Incrmwse incidence of adverse health if fects at higher levels of

exposure represents a classic Increasing dose-response relationship. The
potential relationshi? of clinical endpoints with herbicide exposure can be
testedI uslag an estimate of exposure, hereinafter called an exposure index,
for each aomber of the Ranch Band cohort of the APES. However, due to a
variety of biomiedical mechanivaii there can be exceptions to the hypothesis
,A a consistently Increasing doese-esponse relationship.

An Index of potential exposure to any of four TCOD-containing herbicides
from fixed-wing spray missions van constructed for each Ranch Napd fros the
available historical data. The Index serves as an estimate only, since the
actual concentration of TVDD in the herbicides veiled from lot to lot and
individual assessments of actual body burden cannot be made. The four TCDD-
containing herbicides used In the development of the Index are Herbicide

* (irange, Eerbicid* Purple, Herbicide Pink, and Nerbicide Green. The exposure
Index vas designed t~o uorrelae% as closely as pessible with exposure and Is
not an exact measurok of actual Individual expcure. Although the index con-
tains error* vAmu used to assess the erposure of a specific individual, it
provides sow* degree of useful Inference for groups of similarly exposed
individuals. In sunaryp the exposure Index In the AIRS is a surrogate
indicator of TCDO exposure.

The exposure Index developed for the Baseline study and used In this
report~ is defirted In Table 8-1.

The exposure Index for the Ith subject, denoted I , is defined an the
product of the TCW weighting factor, the gallons of T&Xe-containing
herbicide sprayed in the Republic of Vietnam theater during the tour of the
ith subJect, and the inverse of the number of men sharing the subject's
duties during the tour of the ith subject. Bach of these factors Is
detscribed Weow.

The TCVD weighting factor reflects the estimated relative cctncentration
of TCDO In the herbicides sprayei. The estimated mean concentrations of TCDD
In Herbicide Crange, Herbicide Purple, lerbicide Pink, end Herbicide Green
are 2 parts per million (ppm), 33 ppm, 66 ppm, and 66 ppm, respectively.
Archived samples of Herbicide Purple indicate a mean concentration of
approximately 33 pp., and samples of Herbicide Orange had a smea concen-
tration of about 2 ppm. Since Herbicide Pink and Herbicide Green contained
twice as much 2t,45-T as Herbicide Purple, the moan concentration of TCDO in
these two herbicides vas approximately 66 ppm. Based on procurement. records

*and dissemination information, a combination of Herbicide Green, Herbicide
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TAILI 8-1.

Algorithm for Exposure Index

llons of TCDO- 0 1
~CDContaining Herbicide Number of Men with Subject's

a Wighting x lSprayed in the RVN x Duties in the RVN Theater During
ractor ) Theater During the I the Tour of the ith Subject J

ITour of the ith Subjecti

where E, - Exposure Index for the ith Subject

24.0 if before 1 July 1965
TCDD Weighting Factor - 1.0 if on or after 1 July 1965

Since prior to 1 July 1965 a combination of Herbicides Green, Pink, and
Purple with a man concentration of 48.0 ppa was sprayed, and after
1 July 1965 only Herbicide Orange with a mean concentration of 2 ppm ves
sprayed, the ratio is then 48:2 or 24:1.

Gallons of TCDb-Contaening bar of Gallons of Herbicides Orange,Herbicide Sprayed in the Green, Pink, and Purple Expressed in
RVN Theater During the Herbicide Orange Equivalent Gallons
Tour of the ith Subject l ased on Mean Concentration of TCDD 4

Using the following:

Mean Concentration (ppm)
Herbicide of TCDO

Green 66
Orange 2
Pink 66
Purple 33

Number of Men with Subject's i t •umber of Personnel
Duties in the RVN Theater During• =in the Same
the Tour of the ith Subject ) COccupational Category

Source: baseline Morbidity Report, 24 February 1984.
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Pink, and Herbicide Purple was sprayed between January 1962 and 1965. The
estimated mean concentration of TCDD for this time vas 48.0 ppe, usl..g
available data on the namber of gallons procured and sprayed.

The Herbs Tape and other data sources' indicate that only Herbicide
Orange vas disseminated after 1 July 1965. Normalizing to Herbicide Orange,
the weighting factor become* 24.0 before I July 1965 and 1.0 after
1 July 1965.

Using the Eerbs Tape, Contemporary Historical Evaluation and Combat
Operations (CHICO) Reports, and quarterly operations reports, a table of
gallons of TCDD-containing herbicide sprayed for each month of t0 operation
was constructed. Gallons of Herbicides Purple, Pink, and Green were
converted to Herbicide Orange equivalent gallons based on the TCDD weighting
factor of 24.0. This information is provided in Table 1-I of Appendix P.

The dates and occupational category of each Ranch Hand's tour(s) in the
Republic of Vietnam were obtained by a manual review of military records.
The study design specified five occupational categories: (1) officer-pilot,
(2) officer-navigator, (3) officer-nonflying, (4) enlisted flyer, and (5)
enlisted groundcrev. Based on the review of the records, the Ranch Han'
manning for each occupational category by month was compiled. This
information is also presented in Table F-1 of Appendix F.

A numeric exposure index reflecting the effective number of gallons of
Herbicide Orange to which each individual was potentially exposed wan com-
puted. For the purpose of analysis, the values were categorized as high,
medium, or I1v for each occupational category. Only three occupational

S catego•i-en were used. The three officer categories were combined into one
since pilots and navigators were exposed in the same manner and the officer-
nonflying category, which included a relatively small number of participants,
consisted of administrators whose exposure was considered to be essentially
zero. The overall group of "nonexposed* Ranch Bands, estimated at
approximately 2 percent of the Ranch Hand group, was analyzed in the low
exposure category (see Table 8-2), conceivably leading to dilution of the
exposure analyses and group contrasts. The exposure index categorizations
developed for the Baseline study and used in this report are provided in
Table 8-2, along with the frequencies of Ranch Band participants by
occupation and exposure level.

The current exposure index is not specific to job and, therefore, say
underestimate exposure for those individuals whose jobs required routine
handling of herbicide. For example, maintenance schedules for the aircraft
herbicide spray tank required that an emergency dump valve be periodicrally
greased, requiring entry into the tank. The current exposure index cannot
distinguish between men who rQceived such exposure and men who did not. The
extent to which individuals are misclassified by the current exposure index
is not known, precluding bias calculations at this time.

Because of the acknowledged imprecision of the exposure index, Air Force
efforts are under way to develop, now perspectives of exposure. One effort is
the construction of a new questionnaire for the 459 enlisted groundcrev per-
sonnel that may permit more accurate exposure analyses within this category.
Another approach is the measurement of serum dioxin levels.
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TANLS 8-2.

Exposure Index Cateqoriation of
1,016 rompliant Ranch Hands

Effective
Herbicide Orange Number of Ranch Hand

Exposure Gallons Corresponding Participants
Occupational Group Category to Exposure Category in Exposure Category

Officer Lov <35,000 127
Medium 35,U00-70,000 130
High >70,000 123

Enlisted Flyer Low <50,000 55
Medium 50,U00-85,000 65
High >85,000 57

Enlisted Croundcrew Low <20,000 154
Medium 20,lO0-27,000 163
High >27,000 142

Total 1,016

The Air Force currently is conducting a pilot study in conjunction vita
the laboratories of the Centers for Disease Contrcl, Atlanta, Georgia, to
determine levels of TCDD in serum and to establish the validity of exposure
differential within the Ranch Hand and Comparison groups. This study is in
accordance with the Study Protocol commitment to estimate dosage of TCDD as
accurately as current tedhology permits. If successful, use of time-
adjusted TCDD levels would permit more accurate exposure analyses within the
Ranch Hand group. Perhaps of most importance, accurate TCDD levels within
the Ranch Hand group could standardize exposure to a comparable baseline for
all participants. Thus, the use of adjusted TCDD levels will place the
exposurc. concepts on a firm scientific basis, and if herbicide effects exist,
they can be discerned more accurately.
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GZNAL R9ALTH

PRTODUCTIO

The effects of heavy, acute exposure to TCDD have been demonstrated in e
number of different organ systems. It is plausible, therefore, that chronic
lov-dose exposure to TCDD might induce subtle, interrelated effects that are
r: organ-system specific, but are manifest only in general terms, or affect
the state of "vell-being." Hovever, it is difficult to measure overall
health objectively, and for this reason general health outcomes, as defined
by this study, should be judged in context vith other more specific clinical
endpoints. (It should be noted that "general health" outcomes have not
traditionally been considered in other dioxin morbidity studies.)

Baseline Snmry Resultai

Five general health variables vere included in the Baseline examination:
self-perception of health, appearance of illness or distress, relative age,

* sedimentation rate, and parcent body fat. In the analysis of the 1982 Base-
line examination da'a, a statistically significant difference vas found
betvaen the Ranch Hand and Comparison groups in self-perception of health,
vith a greater percentage of Ranch Hands reporting their health as fair or
poor than Comparisons. This was true in both the younger and older age
groups (p=0.017 and p.C 025 for individuals 40 or less and more than 40 years
of age, respectively). The relative risk of the Ranch Hand group vas also
somevhat greater in the younger subgroup than in the older subgroup (1.8 and
1.4, respectively). Since only 9 of 1,811 individuals vere reported by the
examining physician as appearing ill or distressed, this designation vas
apparently reserved for only very ill or distressed individuals. Neverthe-
less, 8 of the 9 individuals were Ranch Hands, the difference being of
borderline significance (p.0.056). Conversely, more Ranch Hands than
Comparisons vere reported by the examiners a, appearing younger than their
actual ages (4.9% versus 2.5Z, p-0.029). No overall differences in percent
body fat or sedimentation rate vere found, although a significant interaction
betveen age, group, and sedimentation rate vas noted; younger exprsad group
members had fevo.r sedimentation rate abnormalities than did their Compari-
sons, whereas no difference vas found in participants more than
40 years old. No statistically significant dose-response relationships vere
detected in the Ranch Hand griup.

Parameters of the 1985 General Health Assessment

Variables of the Bseline examination (self-perception of health,
appearance of illness or distress, relative age, medimentation rate, and

* percent body fat) vere analyzed for the third year follovup effort.
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As an assessment of the general health status of each individual, three
subjective measures were eade as well as two more objective measures. During
the health interview each study participant was asked, "Compared to other
people your aige, would you say that your health is excellent, good, fair, or
poor?" This self-assessment of health is susceptible to varying degrees of
conscious and subconscious bits. The examiner recorded the appearance of
illness or distress (yes/no) and noted the appearance of the subject as
younger than, older than, or the same as his stated age. To the degree that
the exmining physicians vere kept blind to the study subject's group member-
ship (Ranch Hand, Comparison), their assessments vere less subject to bias.

The two objective measures were percent body fat, calculated from the
body mass index, and the erythrocyte sedimentation rate. Although both
variables are rather indirect measures of the general state of health, they
are accepted indicators of poor health.

The adjusted 3tatistical analyses below accounted for differences asso-
ciated with age, race, and occupation. In the analysis of self-perception of
health and sedimentation rate, adjustment was aio lade for personality
score, determined from the Jenkins Activity Survey. This is a continuous
variable derived by means of a discriminant-function equation based on items
that best discriminate men judged to be Type A from those judged as Type B.
Positive scores reflected the Type A dVrection and negative scores the Type B
direction. Table G-1 of Appendix G gives the distribution of the covariates
in the Ranch Hand and Comparison groups. Age, race, and occupation were
distributed similarly in the two groups (due to matching), and personality
scores were also not significantly different.

Aside from the subjective nature and potential bias in the self-reported
perception of health, no specific issues related to assessment methodology
require further comment. No individuals were excluded from analysis, except
those with missing data.

Chi-square tests and logistic regression models were applied to the
categorical data. The sedimentation rate was normalized by logarithmic
transformation. The proportional odds model was also used for ordinl data
provided by the self-perception of health and relative age variables.
Fisher's exact test was applied to the reporting of illness or distress by
the examining physician because of the small number of cases who were
classified as "ill." A two-sample t-test was used to assess differences in
unadjusted group means, followed by multiple regression analysis to
incorporate covariates, for percent body fat and sedimentation rate.

RESULTS AND DISCUSSION

SJbjective Assessments

Self-Perception of Health

Each participant was asked to designate his health as excellent, good,
fair, or poor. The frequ.ncy distributions of self-perception of health for
each cohort are given in Table 9-1.
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TADI 9-1.

9MOdJte Amalysis for Self-Perceptionof Seath by Group

Self-Ferception of Health

Axeellent Good Fair Poor

Group Number Percent Number Percent Number Percent Number Percenr Total

Ranch Hand 490 48.2 434 42.7 74 7.3 18 1.8 1,016

Comparison 674 52.1 525 40.6 81 6.3 13 1.0 1,293

p.0.14

The summarized data in Table 9-1 show that a higher percentage of Ranch
Hands perceived their health to be fair or poor (9.1Z) than the Comparisons
(7.3Z), although this difference vas not statistically significant (Est. 3R:
1.25, 952 C.I.: 10.95,1.641, p-0.14). Of tonsiderable interest is that the

* percentage of both groups perceiving their health as only fair or poor vas
lover than that reported at the Baseline examination 3 yeaxs earlier (20.42
and 15.9Z for Ranch Hands and Comparisons, respectively). This shift yas the
opposite of that expected from an aging effect. The data collection tech-
nique vas an in-home intervic- in 1982 versus an onsite clinic interview in
1985, but this vas not judged to be the likely cause of the improvement in
health perceptions for the 3-year period. Vhatever the cause, the effects
vere similar in both groups.

A test of association betveon health perception (dichotomized an
excellent/Sood and fair/poor) van performed with the covariates of a9: (born
in or after 1942, born before 1942), race, occupation, and personality score
(Jenkins score, trichotomizod as low [less than -5), medium [bvtveen -5 and
51, and high [greater than 51). These associations were examined both vithin
the Ranch Hand and Comparison groups and pooled over the two group&. The
findings v*Le similar, and Table 9-2 shows the results after pooling.

These results indicat'd a sJgnificant effect of age, with a higher per-
centaie of the older cohort than the younger cohort reporting their health as
fair or poor, as yell as a significant effect of occupation, with the per-
centace of enlisted personnel reporting fair or poor health uearly tvice that
of the officers. No significant associations vere noted for race or person-
ality score.
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TANA 9-2.

Assoc.iation Not Self-?ettsptie of Bmmtb end
Age, lace, Occupation, and Permsality Score in the

Combiaed Beach Read and CompsrIson Group

Self-Perception of Health

Excellent/Good Fair/Poor
Covariate

Covariate Category Number Percent Number Percent Total p-Value

Age Born .1942 903 94.0 58 6.0 961 0.003
Born <1942 1,220 90.5 128 9.5 1,348

Race Black 130 90.9 13 9.1 143 0.76
Nonblach 1,993 92.0 173 8.0 2,166

Occupation Officer 819 94.8 45 5.2 864
Enlisted
flyer 347 89.7 40 10.3 387 <0.001

Enlisted
Groundcrev 957 90.4 101 9.6 1,056

Person- Lov 827 92.2 70 7.8 897
ality Nedium 716 91.2 69 8.8 785 0.61
Score High 373 92.646 7.4 619

9
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Adjuited analyses of self-perception of health vere done by logistic
regression using the covariates of age, race, occupation, and personality
type. (Self-perception of health was dichotomized and the covariates
categorized as in Table 9-2.) Thes analyses revealed statistically
significant age and occupation effects, as vell as a significant group-by-
occupation interaction (p-0.015). Exponentiation of linear combinations of
relevant regression coefficients generated adjusted relative risks for each
occupational stratum. These umeary data are presented in Table 9-3.

TANLE 9-3.

Adjusted Relative Risks of Self-Perception
of Health by Occupation

Adj. Relative
Occupation kisk (95X C.I.) p-Value

Officer 0.78 (0.42,1.46) 0.41

Enlisted Flyer 0.75 (0.38,1.46) 0.395

Enlisted Groundcrev 1.90 (1.25,2.88) 0.003

These analyses shoved significant group differences in the self-
perception of health for the enlisted grotmdcrev category but not for the
officers or enlisted flyers. This is perhaps more clearly seen in Table 9-4,
vhich gives the frequency distribution of self-perception of health
stratified by occupation.

Among officers and enlisted flyers, a lover percentage of Ranch awds
than Comparisons perceived their health as fair or poor. (These same Ranch
Hands were also less likely to viev their health as excellent.) In the
enlisted groundcrev cohort, 12.7 percent of the lanch laes reforted their
health as fair or poor versus 7.2 percent of the Comparisoms.

Because the logistic model does not account for the ordinal nature of
the self-perception of health variable, a proportional odds model fur ordinal
responses vas also fit to the data in Tables 9-1 and 9-4.

For the ordinal responses in Table 9-1, the proportional odds model
yielded a statistically signifimnt result (p.0.037), vith poorer health
estimated to be 1.18 times greater in the Ranch Hand group than in the
Comparison group (95% C.I.: [1.01,1.391). For the data in Table 9-4, a
proportional odds model fit to each occupational stratum (adjusting for age)
yielded p-values of 0.65 for officers, 0.43 for enlisted flyers, and 0.031 for
enlisted groundcrev. Thus, oaly the enlisted groundcrev category reached

* statistical significance, vith adjusted proportional odds of 1.30 (95Z C.I.:
[1.02,1.641).
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TANS 9L-4.

F2equqoWSef -81fecetlea of Nemth

by Occupetensid Group

Self-Perception of Health

Excellent Good Fair Poor

Occupation Number Percent Number Percent Number Percent Number Per'cent Total

Officer
Ranch Hand 238 62.6 124 32.6 13 3.4 5 1.3 380
Comparison 314 64.9 143 29.6. 23 4.8 4 0.8 484

Enlisted
Flyer

Ranch Band 67 37.8 94 53.1 13 7.3 3 1.7 177
Comparison 94 44.8 92 43.8 19 9.0 5 2.4 210

Enlisted
Groundcrev

Ranch land 185 40.3 216 47.1 48 10.5 10 2.2 459
Comparison 266 "A.4 290 48.4 39 6.5 4 0.7 599

Similar results vere obtained vhen the analyses vere performed on the
1,016 Ranch Bands And 955 Original Comparlions completing the third-year
health interviev. These results are provided in Table G-2 of Appendix G. In
the unadjusted analysis, the estimated relative risk for fair or poor health
versus excellent or ;ood health reached statistical significance (ast. ni:
1.43, 951 C.X,: [1 13,2.001, p.0.042). In the adjusted analysis, group
mebership, Wge. i occupation effects vere all statistically significant
vith an adjusteu relative risk of 1.48 -95Z C.I.: 11.05,2.071). The group-
by-occupation interaction, hovever, did not reach statistical significance
(pI0.23). Nevertheless, little difference was seen in the officers and
enlisted flyers, vhereas among the enlisted groundcrev, 12.7 percent of the
Ranch Hands versus 7.4 percent of the Original Comparisons reported their
health as fair or poor.

Contrasts of the Ranch Hand and Original Comparison groups using the
proportional odds model yielded only borderline significant results. For the
unadjusted analyui- appo" to the overall data, the estimated proportional.
odds vere 1..- . C,- .0.99,1.39], p-0.0 7 3). Stratifying by occupation
and adjusting for age ive p-values of 0.76, 0.11, and 0.078 for the offi-
cers, enlisted flyers, and enlirted groundcrev, respectively. The adjusted
proportional odds in the enlisted groundcrev cohort vere 1.26 (95% C.I.:
10.97,1.621).
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nl ooerneI of Illme. or Digttw

The recording of the appearance of acute ill heesith or phbwsical distress
at the examination was intended to capture significant subjective health data
that might (though not likely) escape corroboratitn by other physical exam-
ination or laboratory data. In particular, examining physicians vers
requested to affirm the presence of acute distress vhen the sign of hippo-
cratic facies vas present, a sign not easily feigned by participantp. Very
few participants vere diagnosed as being acutely ill; thbtse data are
sumearised in Table 9-5.

TAMZ 9-5.

Vmw4Justed A=alysis for £ppaare of
Acute IllMeus or Distress by Gr-*

Acute Illness or Distress

Teo No

Group Number Percent Number Percent Total p-Value*

4Ranch H 4 0.4 1,010 99.6 1,014
S0.53

Comparison 6 0.5 1,287 99.5 1,293

*Pisherls exact test, 1-sided.

These data vere too sparse to permit further meaningful anaymw.
Descriptively, it vas noted that 9 of the 10 Ill individuals vere in the
older age group; 9 of 10 vere nowblack; and 2 vere officers, 4 vere enlisted
flyers, and 4 vere enlisted groundcrev. The 6 ill Comparison individuals
vord all Original Comparisons, as can be seen in Table Q-3 of Appendix G.

Further, these results vere In substantial contrast to the oaselime
findings that revealed a marginally significant excess (p.0.056) of acute
distress among the Ranch Hands.

A•-enme of Relative Age

The examining physicians stored each participant as appearing yourger,
older, or the same as his chronological age. These lata are presented in
Table 9-6.
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TADLI 94.

UMdUated Analysis for wpearince of
15lative Age by cow

Atsmrancot of Relative Ang

Younger Same Older

Group Number Percent Number• Percent Number Percent Total p-Value

R9anch Hand 16 1.6 957 94.3 42 4.1 1,01'
0.12

CoanLi son 9 0.7 1,233 95.4 51 3.9 1,293

These frequency distributions shoved that a slightly higher percentage
of Ranch Hands than Comarisons appeared younger than their stated age, and
almost equivalent percentages in both groups appeared older. Overall, there
was no significant difference in the two distributions. The unadjusted
findings in Table 9-6, bovevar, did not confirm the significant tendency
(p-0.029) at the 1962 laseilne examination for a higher percentage of the
Ranch Hands than Comparisons to appear younger than their stated ages.
Table 9-7 pcemsts the association between each of the covariates and
relative age (diwhotomixed as older looking versus the same or younga.
looking) ftfet- combining the Ranch Ban: end Comparison groups.

As noted from this table, ag and race were not significantly associated
with the appearenct of relative age, vhereas occupation did reveal a sinif-
icant association, with about 6 percent of the enlisted personnel appearl.'i
older than their stated gags coapared to 1 percent of the officers.

An adjusted analysis using logistic regression with the ccvarietes age,
race, and occupation shoved a significant effect due to occupation as well as
a significant group-by-occupation interaction (p=0.038). Adjusted relative
risks for each occupational stratum are gii7en in Table 9-8.

The adjusted relative risk was greater than 1 for the officers, i.e.,
the odds of appearing older were greater in the Ranch Hand group than in the
Comparison group, but the relative risk was less than 1 for the enlisted
flyers. However, the associated confidence intervals vere rather broad and
did not rule out a relative risk of I In each case. Again, because the
logistic regression model does not account for the ordinal nature of the
dependent variable, a proportional odds model was applied to the enlisted
flyer cohort (data in the officer and enlisted groundcrev strata did not fit
the model properly). The estimated proportional odds for the enliate flyer
cohort vere nonsignificant (*stimated odds: 0.49, 95% C.I.: (0.22,1.11],
p.0.087).

9-8



TANAL 9-7.

moiatien Be "a I am of Relative Ag@ and Moe,
Rae, Ad Oecupation In the Combined

Raanch Mad and Aoomluo Growp

A#poarance of Relativge ,_

Younger/Sawe older
Covariate

Covarlate Category Number Percent Number Percent To al p-Value

Age Born .1942 914 )5.2 46 4.8 960 0.14
Born <1942 1,301 96.5 47 3.5 1,348

Race Black 138 96.5 5 3.5 143 0.91
Noublack 2,077 95.9 88 4.1 2,165

Occupation Officer 855 99.0 9 1.0 864
tnlisted 362 93.5 25 6.5 387 <0.001
Flyer

Rnlisted 99" 94.4 59 5.6 1,057
Groundcrev

TAMI 98

Adjusted lalttve Risks of pemaance of
Relative Age by Occupatica

Adj. Relative
Occupation Risk (95g C.I.) p-Value

Officer 4.52 (0.94,21.9) 0.060

Enlisted Flyer 0.44 (0.23,1.27) 0.159

Enlisted Groundcrev 1.05 (0.62,1.78) 0.849
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A contrast of the Mach Hand group with the Original Comparisons gave
similar results, an shown in Table G-4 of Appendix 0. Overall, there was
little difference, but the group-by-occupttion interaction vas of borderline
significance in the adjusted analysis (p.0.052). Differences were largely
confined to the enlisted flyers, where fever Rach lands than Comparisons
appeared older than their stated ages (Adj. Uis 0.47, 95X C.I.: [0.20,1.121,
p-0.069) (see Table G-5 of Appendix G). A proportional odds model applied to
the enlisted flyer stratum gave adjusted proportional odds of 0.45 (952 C.I.s
10.20,1.021, p-0.055).

"OlJective tssessmts

Two objective but nonspecific indicators of general health, the eryth-
rocyte sedimentation rate and percent body fat, were analysed in both
discrete and continuous forms. Because the sedimentation rate was a highly
skewed variable, it was normalized by logarithmic transformation for the
continuous analyses. The sedimentation rate dichotomy was set at 20 mm/hr or
less (normal) and greater than 20 me/hr (abnormal) by the large-tube Vaster-
Cprn method. Percent body fat was based on height and weight obtained during
the examination and vas calculated accorfing to the following formula:
Percent Body Pat - (Veight[it]/Height[m] )(1.264) - 13.305. It is recognized
that this formula will overstate the percent body fat for very muscular,
large-boned man. Percent body fat was trichotomized into less than 10 percent
(lean), 10 to 25 percent (normal), and greater than 25 percent (obese), con-
sistent with the Baseline Report. Because of the sparseness of the lean
category, it was often necessary to use a dichotomous variable of loan-normal
versus obese.

£rythrocyte Sedimentation late

The unadjusted contrast of log sedimentation rate anmms revealed no
significant group differeaces (meantSu-1.620*0.026 in the Ranch land group
versus 1.595*0.021 in tfie Comparison group, t=0.73, p-0.47). The geometric
mean values were 5.0W sid 4.93 for the Ranch Band and Comparison groups,
respectively. Tests of association of dichotomized sedimentation rate, vith
the covariates age, race, occupation, and personality score, pooled over both
groups, were conducted; these sumearized data are shown in Table 9-9.

These results showed significant effects of age, with older individuals
having a higher frequency of abnormal sedimentation rates than younger
individuals, and a significant effect of personality score, with Type B
individuals (low personality score) having more sedimentation rate
abnormalities. The effect of occupation was of borderline significance
(pO0-060), with a slightly higher percentage of abnormol values asnorna the
enlisted flyers than among officers or enlisted grounacrev. There was no
evidence of any association between race and abnormal sedimentation rate.

An analysis of the log sedimentation rate, adjusting for age, race,
occupation, and personality score, detected significant effects for all of
the #novariates except race, as well as a significant age-by-personality score
interaction. As in the unadjusted analysis, the adjusted analysis did not
reveal any significant difference between the Ranch Hand and Comparison
groups (pO.412).
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Sao TANLS 9-9.

Asciatinlet Sedimentation late and
Agel, ace, Occupation, and Personality $core In the

Cobined Ranch Hand and C ism Groups

Sedimentation Rate

Normal Abnormal
•20uw/hr >20mm/hr

Covariat-
Covarlate Category Number Percent Wimber Percent Total p-Value

A"e Born k1942 941 97.9 20 2.1 961 <0.001
Born <1942 1,263 93.7 85 6.3 1,348

Race Black 136 95.1 7 4.9 143 0.999
Noublack 2,060 95.5 98 4.5 2,166

Occutpa- Officer 828 95.8 36 4.2 864
tion gnlisted 361 93.3 26 6.7 387 0.080

Flyer
Enlisted 1,015 95.9 43 4.1 1,058

Groumderev

Person- Lov 843 94.0 54 6.0 897
ality Hedium 758 96.6 27 3.4 785 0.026
Score Nigh 595 96.1 24 3.9 619
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However, in the dichotomous form, sedimentation rate abnormalities were
significantly more prevalent in the Ranch Hands than Comparisons (gat. RR:
1.63, 95% C.I.: [1.12,2.38], p-O.O13); thise results are given in Table 9-10.

Logistic regression analysis found signi2icant effects for age and
personality score, and the adjusted relative risk of 1.68 (95% C.I.:
[1.13,2.491, p-0.011), was very similar to the estimated relative risk
of 1.63.

TABIZ 9-10.

Unadjusted Analysis for
Sedimentation Rate by Group'

Sedimentation Rate

Normal Abnormal
r20 nm/hr >20 mm/hr

Group Number Percent Number Percent Total p-Value

Ranch Hand 957 94.2 59 5.8 1,016
0.013

Comparison 1,247 96.4 46 3.6 1,293

The mean log sedimentation rate in the Original Comparisons was
1.636 plus or minus 0.025, not significantly different from the Ranch Hand
mean (tu-O.45, p=0.65). The regression analysis yielded results very similar
to those reported above, with little difference in the adjusted group means.
Logistic regression analyses also gave similar results, with significantly
sore abnormalities in the Ranch Hand group (p=0.037).

In summn.y, there was no difference between groups based upon mean
values of the sedimontation rate, unadjusted or adjusted, but both unadjusted
and adjusted discrete analyses shoved a significantly higher prevalence of
sedimentation rate abnormalities in the Ranch Hand group. This finding was
opposite to the Baseline findings in which Ranch Hands age 40 or less had
significantly fever sedimentation rate abnormalities than Comparisons, with
no group difference in individuals over the age of 40.

Percent Body Fat

The mean percent body fat of Ranch Hands was significantly lover than
that of Comparisons (21.102±0.15 versus 21.54Z+0.14, respectively; p"0.037).
Because there nere only a fe4 values in the lean category (6 in the Ronch
Hand group and 4 in the Comparison group), percent body fat (6s dichotomized
into at most 25 percent (lean and normal) and more than 25 percent (obese)
for tests of association between percent body fat and the covariates age,
race, and occupation. The results are given in Table 9-11.

•-12



TABLE 9-11.

Association Between Percent Body Fat and Age,
Race, and Occupation in the Combined Ranch Rand

and Comparison Groups

Percent Body Fat

Lean/Normal Obese
<25Z >25%

Covariate
Covariate Category Number Percent Number Percent lotal p-Value

Age Born ý1942 802 83.4 159 16.6 961 0.005
Born <1942 1,060 78.7 287 21.3 1,347

Race Black 110 76.9 33 23.1 143 0.29
Nonblack 1,752 80.9 413 19.1 2,165

Occupation Officer 719 83.3 144 16.7 863
Enlisted 314 81.1 73 18.9 387 0.023
Flyer

Enlisted 829 78.4 229 21.6 1,058
Groundcrev

These data demonstrated the significant effects of age, with a higher
percentage of obesity in older men, and occupation, with a higher prevalence
of obesity in enlisted personnel than in officers. Race was a noncontribu-
tory covariate. The covariate of smoking was unexplored.

An adjusted analysis of percent body fat, with the same covariates, also
shoved the significant effects of age, occupation, and an age-by-occupation
interaction. The adjusted results shoved a small, but significantly lower
mean level of body fat in the Ranch Hand group (adjusted difference.-0.443±
0.210, p-0.035).

With percent body fat dichotomized into obese versus normal or lean, the
petcent obese was lover in the Ranch Hands than in the Comparisons (18.2Z
versus 20.2Z), but the difference was not significant (Rat. RR: 0.90,
95Z C.I.: [0.71;1.08], p-0.25). Logistic regression analysis also failed to
detect a significant group difference (Adj RR: 0.87, 95% C.I.: [0.71,1.08],
p-0.204).

Analysis of percent body fat in the Ranch Hands and Original Ccoparisons
gave somewhat different results. The overall difference in means was signif-
icant as before: 21.10 plus or minus 0.15 in the Ranch Hand group versus
21.58 plus or minus 0.16 in the Original Comparison group (t.-2.15, p=0.032).
However, the regression analysis detected a statistically significant group-
by-race interaction (p.0.041). The adjusted difference in mean percent body
fat (Ranch Hand versus Comparison) was greater in Black participants (-2.26%)
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than in nonblack participants (-0.34Z). Of the Original Comparisons
(Table G-7 of Appendix C), 20.4 percent were obese, greater thar, but not
significantly different from, the percent obese in the Ranch Hand group
(p-0.230). Logistic regreasion analyses again detected significant age and
occupation effects, but it detected no significant interaction between these
variables. There ves no strong evidence of a group-by-race interaction
(models including all two-factor interactions gave a Z-value of 1.19 for the
group-by-race interaction). The group effect was not statistically signifi-
cant (Adj. RR: 0.87, 951 C.I.: [0.70,1.09], p-0.242).

In summary, the unadjusted and adjusted tests of mean percent body fat
showed a significantly lover value for Ranch Hands; correspondingly fever
Ranch Hands than Comparisons were obese, although this difference was not
statistically significant. Few individuals were lean (less than 10 percent
body fat). The 1982 Baseline examination found no difference in group means
(p.0.67), or proportion of abnormalities (p-0.8 9 ). Further, analyses based
solely upon the Original Comparison cohort found the di-ference in mean
percent body fat between the Ranch Hand and Comparison groups to be greater
in Blacks than nonblacks.

EMPOSURE IMi ANALYSES

The exposure index, expressed in equivalent gallons of dioxin-containing
herbicide potentially encountered by each Ranch Hand during his tour of duty
in Vietnam, was categorized as low, medium, and high. Because it is not
possible to assess the relative exposure betveen occupational groups, and
since different cutoff values were used in the three occupational categories,
separate analysev, were performed within each occupational cohort. A detailed
description of the exposure index is found in Chapter 8. Exposure analyses
were performed on four of the five general health variables. Only four Ranch
Hands were recorded as appearing ill or disLressed (two were officers, both
in the low-exposure category, and two were enlisted flyers, both in the
high-exposure category). Further analysis was not done on this variable.

Self-Perception of Health

Table 9-12 presents dichotomized self-perception of health data by
exposure level for the 1,016 Ranch Hands. While these unadjusted contrasts
did not reach statistical significance within any of the occupational otrata,
the linear trend from low to high exposure in the officer cohort of the
fair/poor category was of interest, and was subjected to further testing.
Although the numbers were small at each exposure level, a test for linear
trend led to a borderline significant increase of 2.5 plus or minus 1.3
percent per unit (step) increase in the exposure level category (p.0.064).

Logistic regression analyses adjusted for age (dichotomized), race, and
personality score (trichotomized) did not detect any significant exposure
level effects. The only significant covariate effect found ras for age in
the enlisted groundcrew cohort. The adjusted relative risk for each
occupational stratum is given in Table 9-13.

9
9-14



TABLE 9-12.

Undjusted Exposure Index Analysis of
Self-Perception of Health by Occupatior

Self-Perception of Health

Excellent/Good Fair/Poor
Exposure

Occupation Index Number Percent Number Percent Total p-Value*

Officer Low 124 97.6 3 2.4 127
Medium -24 95.4 6 4.6 130 0.17
High 114 9 7.3 123

Enlisted Low 51 92.7 4 7.3 55
Flyer Medium 59 90.8 6 9.2 65 0.83

High 51 89.5 6 10.5 57

Enlisted Low 134 87.0 20 13.0 154
Groundcrev Medium 146 89.6 17 10.4 163 0.51

High 121 85.2 21 14.8 142

* *Chi-square tests, 2 d.f.

TABIX 9-13.

Adjusted Relative Risk of Self-Perception .)f Healtb
by Occupation and Exposure Contrast

Exposure Adj. Relative
Occupation Contrast Risk (95% C.I.) p-Value

Officer Medium vs. Lov 2.00 (0.49,8.15) 0.334
High vs. Low 2.93 (0.76,11.3) 0.119

Enlisted Flyer Medium vs. Lov 1.30 (0.35,4.86) 0.700
High vs. Low 1.50 (0.40,5.64) 0.549

Enlisted
Groundcrev Medium vs. Low 0.95 (0.47,1.92) 0.882

High vo. Low 1.21 (0.62,2.35) 0.580
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AppMeance of Relative Age

The dichotomy of appearance of relative age was assessed for expoaure
effects in each occupational cohort. These unadjusted analyses, shown in
Table 9-14, provided no evidence of a dose-response effect. &s can be seen,
the number of participants within each stratum ap-earing older than their
stated ages was quite small. The adjusted analyses by logistic regiesuion
did not detect any sigigificant exposure or covariate effects.

TABLE 9-14.
Unadjusted Exposure Index Analysis of

Appearance of Relative Age by Occupation

Relative Age

Younger/Same Older
Exposure

Occupation Index Number Percent Number Percent Total p-Value*

Officer Low 125 98.4 2 1.6 127
Medium 127 97.7 3 2.3 130 0.89
High 121 98.4 2 1.6 123

Enlisted Flyer Low 52 94.6 3 5.4 55
Medium 62 95.4 3 4.6 65 0.88
High 55 96.3 2 3.5 57

Enlisted Low 146 94.8 8 5.2 154
Groundcrew Medium 151 93.2 11 6.8 162 0.82

High 134 94.4 8 5.6 142

*Chi-square tests, 2 d.f.
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ft7g!rcte Sed'"mtatioe Rate

The sedimentation rate vas analjed both continuously on a logarithsic
scale and dichotomously (normal, abnormal). One-vay analyses of variance
vere performed on the sedimentation rat., !eans categorized by occupation and
exposure level. These tests shoved no significant differences in the officer
and the enlisted flyer strata (p=0.76, p-0.64, respectively). In the
enlisted groundcrev stratum the means vere marginally dif.eront, vith the
mean "idimentation rate iucreasing vith Inetressing exposr...e level, but the
differences vere not statistically significant (p.0.12). Whin these data
vere adjusted by an analysis of .ovariance for age, the diff.•rencte in mean
sedimentation rates in the enlisted groundcrev va less noteworthy (p.0.33).
Age "as positively associated vith the mean sedimentation rata, in all thres
occupational strata (p<0.001, p-0.009, and p<0O001, respectively). The
adjusted tests are reflected in Table 9-15 (means and confidence iimits have
been transformed back to the original scale).

A categorical analysis of the sedimentation rate by exposure level for
each occupational stratum yas also conductt1. Differing from the previous
continuous analyres, the categorical contrasts revealed a significint
exposure effect (p.0.027) in the enlisted flyer stratum, albeit vith small
numbers. These su mmarized data are shovn in Table 9-16.

kdjustment for age, race, and personality score revealed a significant
high versus loy exposure contrast in the enlisted flyer stratum. The
adjusted analysis is fully shovn in Table 9-17.

TAMI 9-15.

Adjusted eaen Sedimeatatiuo Rates by Occupation

3xposure Index,
Adjusted Hean, wm/hr (915 C.I.)

Occupatioai 101v Medium High p-Value

Officer 5.40 (4.71,6.19) 4.78 (4.17,5.47) 4,69 (4.09,5.37) 0.31

Enlisted 5.).0 (4.11,6.33) 6.00 (4.91,7.32) 5.00 (4.04,6.19) 0.41
Flyer

Enlisted 4.66 (4,10,5.29) 5.09 (4.49,5.77) 3.35 (4.69,6.12) 0.33
Groundcrev
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TABI 9-16.

Unadjusted Rxposuv ladex Analysis of
S641mstation late by occupation

Sedimentation Rate

Normal Abormal
gOm/hr >20u/hr

Exposure
Occupation Index Number Percent Number Percent Total p-Value*

Officer Lov 117 92.1 10 7.9 127
Medium 125 96.2 5 3.8 130 0.27
High 119 95.9 5 4.1 123

Enlisted Low 53 96.4 2 3.6 55
Flyer Medium 62 95.4 3 4.6 65 0.027

High 48 34.2 9 15.8 57

Enlisted Lov 142 92.2 12 7.8 154
Grounderev Medium 156 95.7 7 4.3 163 0.290

High 136 95.8 6 4.2 142

*Chi-square tests, 2 d.f.

TABLE 9-17.

MiJuted Relatiwe lisk of Sedimentation Rate
by Occupation and Expowure Contrast

Exposure Adj. Relative
Occupation Contrast Risk (95% C.I.) p-Value

Officer Medium vs. Lov 0.47 (0.16,1.41) 0.177
High vs. LoW 0.50 (0.17,1.52) 0.226

Enlisted Flyer Medium vs. Low 1.28 (0.21,7.96) 0.790
High vs. Lov 4.97 (1.02,24.2) 0.047

Enlisted Mediuu vs. Lov 0.76 (0.28,2.06) 0.592
Groundcrev High vs. Low 0.54 (0.19,1.49) 0.234
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Percent Body Fat
SExposure analyses of percent body fat were done using both linear models

and logistic regrission. One-way analyses of variance for means found no
statistically significant exposure differences in th4 occupational cohorts.
These statistics are presented in Table 9-18.

TABLE 9-18.

Unadjusted Nesa of Percat Body Fat by Occupat.on

Exposure Index, MeantSE

Occupation LoW Medium High p-Value

Officer 20.99"0.36 21.11t0.41 21.26*0.36 0.88

Enlisted Flyer 20.65t0.55 21.26*0.77 21.59t0.77 0.65

Snl"sted 20.91*O.42 21.43*0.41 20.79)O." 0.53
Groundcrev

Linear models including age, race, and two-factor exposure level-by-
covariate interactions found no significant difference in the adjusted
exposure level means for percent body fat. The effect of age vas significant
in the officer cohort (p.0.003), and of borderline significance in the
enlisted groundcrev stratua (pwO.06 4 ). Race was nonsignificant throughout
all the tests.

The unadjusted categorical assessment of percent body fat, shoen in
Table 9-19, revealed no significant exposure effects. Bowever, In the
enlisted flyer stratum, a test for linear trend in the proportions 1ave a
borderline signifkiant result (p.O.054), vith an estimated step increasm of
6.8 plus or minus 3.6 percent per unit increase in exposure-level category.
An adjusted analysis by logistic regression did not reveal significmnt
exposure level effects but did detect significant effects of age in the
officer and enlisted groundcrev categories.

In stimary, detailed exposure analyses vtre performed on four of five
dependent variables used to assess general health status. Only ;a very few of
the tests approached statistical significance (multiple comparisons notvith-
stending); of these, three associations suggested a trend of adverse effects
from low to high exposure; but only one was statistically significant, and
there was no consistency across occupational strata (health peLception in
officers, p-0.064; sedimentation rate in enlisted flyers, p-0.027; and
percent body fat in enlisted flyers, p-0.054). Theme results were relstively

S comparable to the negative exposure findings in the Baseline Report.
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TABUI 9-19.

UnadJsted Ixposur Index Anailysis of
Percent Body Fat by Occugatiou

Percent Body Fat

Lean/Normal Obese

Exposure
Occupation Level Number Percent Number Percent Total p-Value*

Officer Lov 104 81.9 23 18.1 127
Medium 110 84.6 20 15.4 130 0.76
Higzu 100 81.3 23 18.7 123

Enlisted Lov 50 90.9 5 9.1 55
Flyer Medium 53 81.5 12 18.5 65 0.14

High 4 77.2 13 22.8 57

Enlisted Lov 126 81.8 28 18.2 154
Groundcrev Medium 131 80.4 32 19.6 163 0.88

High 113 79.6 29 20.4 142

*Chi-square tests, 2 d.f.

La UIUL "YBSU S

Tvo variables, self-perception of health and sedimentation rata, vers
presc•i.bed to assess the longitudinal differences betveen the 1982 Baseline
eamination and the 1985 follovup examination. both variables vere analyzed
in th. discrete form. The four categories of perception of health vare
reduced to normal (excellent/good) and abnormal (fair/poor). The respective
laboratory norms of 12 or less rn/hr auA more than 12 rn/hr for the Baseline
sedisentation rates, and 20 or less mr/hr and more than 20 mr/hr for the
followup examination vere used to categorize the sedimentation rate data $nto
notmal and abnormal groups. The off-diagonal data (normal to abnormal,
abnormal to normal) from the tvo examinations vera contrasted by group
membership, a process equivalent to testing for a group-by-time-by-clinical
endpoint interaction. The results of these tests, unadjusted for covariates,
are given in Table 9-20.

These analyses shoved an equivalence of the chwW* in self-perception of
health in the tvo groups betveen examinations, but a highly significant group
differ.mce in the change in sedimentation rate abnormali•.ies. The latter yes
explained by the fact that the Baseline examination determined a sigrnificant
egcess of sedimentation rate abnormalities in the Comparisons vhereas at the
follovup examination, the Ranch Hands had a significantly higher Droportion
of abnormalities. Perhaps as a related fact,. it is recognized that the
sedimentation rate laboratory test procedure changed to a mo-e sensitive one
at the follovup examination.
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TABLE 9-20.

0Longitdinal Analysis of Self-Perception of Bealth and Sedluentation Rate:
A Contrast of Baseline and First Followup Examination Abnormalities

FollovupExaminat ion

Baseline Odds p-Value
Variable Group Examination Abnormal Normal Ratio (OR*) (OR,,, vs. ORc)

S ~lf- Ranch Hand Abnormal 62 127 0.21
Perception Normal 27 750of Health 0.84

Comparison Abnormal 49 124 0.23

Normal 28 936

Sedimenta- Rand. Hand Abnormal 17 16 2.44
tion Rate Normal 39 899

0.002
Comparison Abnormal 14 37 0.73

Nora•i 27 1,061

SNumber Normal Baseline, Abnormal Follovup
*Odds Ratio:

Number Abnormal Baseline, Normal Follovup.

SuIaIy MW CMWZMIIS

General physical health vas evaluated by five measures, three of vhich
vere subjective (self-perception of health, appearance of distress, and
appearance of relative age), and tvo of vhich vere objective (percent body
fat and sedimentation rate). Table 9-21 presents a summary of all the
unadjusted and adjusted avalyses of these five variables.

The Ranch Sands rated their health as fair or poor more often than the
Compariso-s (9.1Z vorsua 7.3Z, respectively), but this difference vas not
significant by categorical testiag. Hovewer, further analysis revealed a
significant group-by-occupation Interaction; differences vere largely con-
fined to the enlisted groundcrev category. Both the Ranch Rand and Compari-
xon groups noticuably improved their perceptions of health from the 1982
'4aseline iuamination.

Only 10 Individuals vare reported as appearing acutely ill or distressed
at the follovup examination, 4 vere Ranch Hands and 6 vere Comparisons. This
difference vas not statistically s$gnific nt and the data vern insufficlant
for adjusted analyses.
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TANTA 9-21.

Overall Smimmy Results of udJusted and Ajusted
Analyses of General Hkmlth Variables

UntdJ us ted Adjusted

Variable Catego.cal Mean Categorical Nom

Self-Perception HS -- --

of Health

Appearance of NS ..
Illness/Diss tress

Appearance of NS --

Relative Age

Sedimentation 0.013 NS 0.011 NS
Rate

Percent Body Fat NS 0.0'7 MS 0.035

-- Analysis not performed.

****Group-by-coveriet e interaction.

"Analysis not possible due to sparse data.

Appearance of relative age, as determined by the examining physician,
shoved 1.6 percent of the Ranch Hands appearing younger titan their stated
age, 94.3 percent appearing the same, and 4.1 percent appearing older (as
contrasted to 0.72, 95.42, and 3.92, respectively, in the Comparison group).
There vas a significan group-by-occupation interaction, but none of the
estimated relative risak fo" the occupational categories was significant.
This observation at the follovup examination contrasted vith the significant
tendency at the Baseline for a higher percentage of Ranch Hands than
Comparisons to appear younger than their stated ages.

The geometric mne sedimentation rates (5.05 ua/hr Ranch Hand versus
4.93 um/hr Comparison) did not differ significantly by group, either
unadjusted or after adjustment for age, race, occupation, personality score,
and an age-by-personality score interaction. Hovever, in the dichotomous
form, 5.8 percent of the Ranch Hands had sedimentation rate abnormalities as
contrasted to 3.6 percent in the C.4,parison group. This difference yas
significant by both unadjusted and adjusted tests. Also, this finding vas
opposite to that of the Baseline examination, vhei:- it vas noted that younger
Comparisons had significantly elevated sedimentativia rates.
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The mean percent body fat of the Ranch Hands vas significantly lover
than the Comparisons (21.1OX±0.15, 21.54%±O.14, respectively, p-0.037), and
vs of nearly the same magnitude after adjustment for age, race, and occupa-
tion. Hovever, both unadjusted and adjusted categorical tests did not reveal
significant group differences, although the percent obese vas lover in the
Ranch Hands than in the Comparisons. No group differences in percent body
fat were noted at the Baseline examination.

Detailed exposure analyses vere done on four general health variables
(appearance of acute distress uas too sparse for testing). Only one analysis
demonstrated statistical significance, i.e., a positive association of
sedimentation rate abnormalities vith increasing exporure in tha enlisted
flyer cohort. Overall, no consistent pattern of exposure effects vat
discernible, and the exposure findings at the third-year follovup vere
simniar to the findings at Baseline.

Longitudinal differences betveen the 1982 Baseline and the 1985 followup
examination were assessed by analyses of tvo discrete variables, self-
perception of health and sedimentation rate. Perceived health shoved no.
significant group differences over time, but both the Ranch Hand and
Comparison groups paradoxically reported symetrical improvements in their
perceptions over the 3-year period. The sedimentation rate analysis revealed
a highly significant group difference (p-.0002), due to a reversal of
findings between examinations, i.e., a signifizant detriment in the younger
Comparisons at the Baseline versus a significant detriment in the Ranch Hands
at the follovup. The cause(s) and biological relevance of this observation
are unclear.

O In conclusion, a nonspecific assessm-nt of general physical health has
shown relatively close similarity betveen the Ranch Band and Comparison
groups, vith the Ranch Hands continuing to perceive their hewlth more
negatively than the Comparisons, having a slightly more favorable percent
body-fat proportion, but a higher proportion of abnormal sedimentation rates
that :eflects a marked change since the Baseline examination. These findings
must be placed in context vith the organ and system-specific evaluations
found in the succeeding chapters.

0
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Cancer is a major suspect disease following exposure to chlorophenols,
phenoxy herbicides, and dioxin. Both systemic cancer and skin cancer are key
focal points of this study.

The issue of military service related cancer in Vietnaz veterans first
arose in 1978-1979 Media presentations emphasized several early cancer
deaths in several Army veterans, which were allegedly caused by exposure to
Agent Orange. The media reinforced the causal allegutions by citing animal
studies, which demonstrated a carcinogenic effect, and a few human studies,
which shoved excessive cancer in specific occupational groups. So etfective
and sustained were the media presentations that today the public equates
dioxin and Agent Orange exposure to cancer.

In the larger context of environmental controversies, Young aptly
described the Afent Orange issue as being at the crossroads of science and
social concern. The scientific community has responded to the dioxin
question by a massive research effort, which in concert with class action
lavsuit?, is expected to cost more than a billion dollars in tha near
future. The core of the overall research effort is basic and applied cancer
research.

Traditional animal-to-man extrapolation difficulties and interspecies
variability have limited the direct applicability of much of the experimental
work to the controversy. Major opidemiologic challenges have included: the
ability to control/characterize bias; selection of suitable controls or
reference groups; quality/quantity of exposure; misclassification of expo-
sure; confoundingexposure to known injurious chemicals; staple size and
statistical power; number and selection of relevant risk factors; lack of
antecedent disease or syndromes (other than chloracne); time to event
(latency); rarity of the endpoint; and tumor type (carcinoma, sarcoma)
differences found in many studies.

For these reasons, chere is no scientific consensus on the dioxin-cancer
question. There is, however, a common thread, raising concern over soft
tissue sarcomas (STS) and non-Hodgkin's lymphoma (NIlL). Pertinent animal and
human studies underscore the concern over cancer.

Numerous animal studies have been conducted to delineate the role of
TCDD on tumor initiation, tumor promotion, mutagenesis, cocarcinogenesis, and
DNA reactivity. The consensus of most research is that TCDD is only weakly
mutagenic, does not covalently bind to DNA, or cause it to initiate repair
synthefis, and behaves as a strong tumor promoter in already initiated
cells.

0
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The oncogenic response to TCDD in animals has been repeatedly shown to
depend upon animal species and strain, dose, age, sex, and route of admin-
istration. forventional skin bioassays.in nice produced mixed results in
some studies ' but caused significant detmal fibrosarcomas in other studies
using different strains of animals. In the presence of a strong carcinogen,
TCDO induced skin papillomas in homozygous hairless mice (but not in the
heterozygous strain), clearly supporting the promoter role ?f TCDD, a non-
genetic mechanism judged to be related to receptor binding.

Ingestion studies in soveral rat strains at doses of 0.07-0.1 ug/kg/day
produced hepatocellular carcinomas, squamous cell carcinomts f the
oropharynx and lung, and follicular cell thyroid adenomas. ' In two mouse
strains, gavage doses of 2607-0.3 ug/kg/day ptoduced hepatocellular carci-
nomas and thyroid tumors. In the presence of partial hepatectomy and
diethylnitrosamine, subcutaneous TCDD administration to rats resulted ins:
hepatocellular carcinomas, demonstrating the promoter mechanism of TCDD.

Based upon these and other studies, the International Agency for
Research on Cancer (IARC) designated TCDD as carcinogenic in 1982. There are
insufficient data to implicate 2,4-D and 2,4,5-T as carcinogens. The
majority of animal studies have shown carcinomas rather than sarcomas, the
tumor cited in some human studies. If TCDD oncogenicity in humans is to be
supported, the differences in tumor types between animals and man requires
explanation.

In a series of publications beginning in 1974, commonly known as the
"Swedish studies," extensive inquiry was made into occupational canci_1 5
following exposure to a variety of herbicides. Four related efforts
using Swedish railroad workers found an increased cancer incidence mostly
associated with non-TCDD herbicides. However, a case-control analysis of
these data by other inylstigators suggested cancer promotion following
phenoxy acid exposure.

Prompted by a slight increase in STS in the railroad workers and
clinical experience with a case s~rie 7 1of STS, Hardell and coworkers launched
an extensive second round of studies. These efforts shoved statisti-
cally significant increased risks for STS, Hodgkin's Disease (mD), and NIL.
For exposure to phenoxy acids alone, the risk ratio ranged from 5.3 to 6.8
for STS-in northern and southern Sweden, respectively, while a range of 3.3
to 6.6 was noted for exposure to chlorophenol alone. For malignant lymphoma
(RD plus NIL), risk ratios of 8.4 and 4.8 were respectively demonstrated for
chlorophe. 3l and phenoxy acid exposures. An association of nasal and
nasopharyffeal cancer to chlorophenol exposure (risk ratio, 6.7) was also
detected, but ocher specifically focused studies of primary liver cancer
and colon 3.qer were negative with respect to phenoxy acid or chlorophenol
exposure. " The colon cancer study was conducted specifically to demon-
strate a lack of respondent bias to "validate" previous questionnaire and
interview methods used in the STS studies.

From the Ytft, the Swedish studies have been criticized on method-
ologic issues, prompting the primary authors, Axelsot, and Hardell, to
respond with clarifications, new calculations, amintifMinijsudies on
additional cohorts, and studies on other P:ancers. The chief
criticisms centered upon possiJle respondent and observational biases,

1
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selection of controls, confounding exposures, and degree of true exposure to
* ~phenoxy acids and thlturoph~anols- The authors answered these criticismsw

within the inherent constraints of the case-control methodology. Their
efforts have been characteriaed fq Rfreful, clever, and properly stated, end
have received favorable reviews.

Four small industritl y9rtality studies were conducted in zthe late
1970's and early 1980's. -NIOSH Investigators pooiet. the data from theset studies and noted that three of the 105 deaths (2.9X) in these studies were
due to STS "~ contrasted to an expected C.07 percent in zhe U.S. general
population. This study has been criticized for the hasty addition of
possibly ncncomparable industrial cohorts, and the l.ack or histologic confir-
mation of the STS cases,, A subsequent csse report cidded another STS case to
the industrial studies, and two otiier reportf.72ytiled three unrelated STS
cases also arising from the Industrial sector. However, uipon closer
inspectior', only two of the fij~t four cases were confirmed as STS by an
indepeaident histologic revitew. Othier review findings of the seven total
cases were noteworthy: there was poor agreement on the histologic subtype of
the soft tissue tumors, and because of a quirk in twe International
Classification of Diseases <ICD1 System, wherein orgin-specific sarcomas are
coded separately from soft and connective tissue tumors (ICD 171), death-

cerijjfjebased studies will underascortain STS by approxime-tely 40 per-
c~e~tA.l This laitter problem did not affect the Swedish studies.

Other cancer studies throughout the world shi~yed mixed support for the
Swedibh findings. An Italian case-control effort' showed a weak association
between ovarian mesothelial tumors and herbicid~e exposure, whereas a FinnishIstudy of a small, number of pesticide sprayers 4 n.5erstandably did not detect

any tases of STS er malik~nant lymphomas (ML). A study of more thai, 4,000
Danish phenoxy h~arbici&k workers noted fiyp STS c~ases (versus 1.8 expected)
and seven ML casts (versus 5.~4 expected)." The author concluded that the
STS observation supported th3 Swed~ish work and that the ML rate did not. Otte
New Zealand case-contro~l otudy showed a noasignificant relative risk T; 1.3
for STS among occupatioais consistent wi~th phenoxy herbitide epsie
although a risk of 7.2 was noted for STS ano potontial chloropheniol vxposure
in tanneries.

A related seco'nd car'cer registry-based case-control study ievealed
signific&at excesses o~f agriculJtural and forelirv occu'nations from ML ca-a
and multiplc. myeloma cases (odds ratio 1.25). In a similar but larger
csncer registry study in Sweden, there was no increased risk of STS (rel.ative
risk. 0.9) in a~icultuiral or forestry workers as contrastced to other indus-
trial vorkv-,j. Further, the STS risk was cotastozit over time In spite of
increas*~d usage oi plhexioxy acid herbicides from 1947 to 1970. This Swedish
study did not confirm or show a trend .ýonislstent with the earlier Hardell
Svedlph studies.

A recent U~.S. case-control study ft.ow the Kansag 3cwicer registry has
providet! partial support for Harde".1's observatJor~s. The Kansas study was
very sic.0Jar in roethodoJ.ogy to the early Swedish studies and tried to avoid
bias and misc'assificatfxin. An n.ve-:,l risk o~f 1.6 vas found for NHL in men
exposed to her"'ticides, paý.ticuJ.er]: 2,44). As tha ireq'iercy of herbicide
ex-pusure tncr-.ased to more than 20 days per year, the risk of NUL increased
to s~lxfold vis-a~-vis noniarmers. For herbicide applicators, the risk for NHL
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was 8.0. A simultaneously published review of the Kaffas work notedI that
this should shift scientific concern from STS to NHL. A population-based
came-control study of STS and NHL in western Vashington found -io overall
increased risk of these diseases associated with5 !n occupatiecw'l history of
exposure to chiorophenols or phenoxy herbicides. -However, risks of NHL
vere significantly elevated in the specific occupational cat~egories of
farmers, forestry herbicide applicators, and those individuals potentially
exposed to phenoxy herbicides in any occupation for 15 years or more. An
increased risk of NIL was also noted among those with occupational exposure
to insecticides, organic solvents, lead, and rai~ding fumes.

A number of Vietnam veteran studies hair at-empte to determine vhett-r 60
veterans have experienced excessive movlitaiy, particularly from cancer.
Most of the studies used prop*;tionate mortal.ty ratio (PHR) methodology a..kd
equated Vietnam service with potential. oxposu!:e to Agent Orange, a procedure
of considerable imprecision (misclassifleation). These exposure allocation
difficulties, coupled with the inherent -dethodo'logical weaknesses of the PMR
technique, have minimized the coutribution of these studies to the overall
cancer issue.

As might be predicttd by these pxoblems, almost all of the veteran
studies were negative for generic cancer as~ociations, as well as for STS,
lHD, and NIL asxociation,-. An an example of the veteran studies, the
Australian retrospective cohort mort-ility effort revealed an overall relative
mortality ratio of 0.99, an o-4erall cancer mortality ratio of~.0-95, and
nonsignificant statisticil differences for STS, MiL, and HD. ]n a revent
Vietnam experience study of I=T using the case-control method, no significant
association was fond~ between military service in Vietnam ;?nd the subs~equent
occurrence of STS.

No consistent pattern for oth~er can~cer types has emerged from th? entire
body of herbicide literature. NIonse of the leukemias his been associated with
exposure to Kerbicide Oreng., nor agi 21 Its ipustituents. Two studies noted
slight increftt14 in gastric cancer '.and two others cited modest risks for
lung cancer. ' A recent Swedish study reported slight excesses of rectal
cancer lpmal e workers and inc-reased Qervical c&ncer from the expored female
cohort. Overall, these nnd other obrervations have not beeii consistent
with the expectation that dioxin, as a cancer promoter, shc'ild increase the
occurrence of common "bac'~rogcund" cancers.

From another perspective, iU cleoaz-cut exposure to 2,4-D or diexin is
shown to cause an immunological de!icitnvcy (ase Chapter 19), ani expeccation
would be ap~epessive representatior of B-cell t'~mors from the population of
MHL cases. An excess of B-cell ne-oplasms has, I!? fact,, not be~en
desvribed in N~HL cases from industrial or vq~teran cohoy~tc to datd.

11 is unlikely that the cancer question vill be clearly resolved in the
near iuture. D~ioxin exposure lai lndlistry and agriculture It." fallen precip.-
i'ously since the 1970's, while cxpcsures to 2,4-D and non-TC~DD containing
herbicides have continued. Veteran studies characterized by low or
undo~nva~tnted exposure to Agent Orange, and/or of 4'uall coh~ort s!.te are
unli'taly tu -ontribute suhit~mtive data for the evaluation of type-spnif ic
cancers althouth they may ý.nntribute to the re~colu,ýion of the generic cancer
issue.
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In summary, Swedish studies first noted an approximate sixfold risk, of
* soft tissue sarcoma and iralignant lymphoma. in forestry workers exposed to

both phenoxy acid hai-bicid~a (not containiu% the dioxin conta2inant) ond
chiorophenols (containing dioxin). A large number of international studies
were predominantly vnoupportive of the Swedish observations. Recent U.S.
research on agricultural yorkers, however, provided some support for a v'on-
Hodgkin's lymphoma-phenoxy acid exposure association. rhe future scientific
focus is ex'pccted to shift~ from dioxin herbicides to nondioxira herbicides and
from soft tissue sarcomas to malignant lymphomas. Studies of other veteran
populations will nct likely contribute to the new emphasis, largely because
of exposure uncertainties.

Baseline Suamary Results

Cancer rectived major emphasis durirgr the 19.82 AFHS. The assessment of
malignancy used data f rom both the in-home questionnaire and the revi.ev-of-
systems questinnriire obtain~ed dtur!4 ..;g the physical exadiina'.Aon as we.ll as
data from the emauination itseli. All subjective data were verified by
medical record raviews. in ati tion, tabulation of mortality ec'Jnt, data from
the~ Base' Inc Mortality Report was r-,std in ccnjurctlon vith cancer morbieity
info'rmaticn. The overall results shov~d an equivaienct oif systemtic cancer
(p.0.46) in the two groups but significantly more nonmelanotlc sakin cancer
(p-0.03) i.n the Ranch Hands.

Of 50) reported s~ystemic cancers from the Ranch Fmid and Couparisoa
groups, 28 (14 An each group) were verified by' rziýt recordb and pathology
reports. A visual inspection of 9aiatamci Sites show'-d a slight exce~ss of

* genitourinary cancer and 7rcpbaryngeal cancer but a relative .dtficit of
dijeative system aeopilas.. in the Ranch H&nds, A combined morbidity-morta'lty
analysis derived from the initiral !.-1 match (Ranch Hand to the C-1ipCoari~on
member) disclosed similar d13tributiono. One cast of sroft tissue sarcoma and
one case of Hodgkin's Disease were confirmedy both in the Comparison group.
Exposure analyses for iaiduntrial chemicals and z rays were negr Zive as wcere
most of the herbicide exposure analyses ina the Ranch Hand group. All of the
exposure analyses were based upon very small numbers, and inter~tections were
noted in suveral atiats.

Quaestionnaire data v'erified by medical rp.-to'- reviews reveal"d signif-
icart'ly more skin cancei: in the Ranch Hands Clt' od-is 2?.35). Basal call
ca.-cinoma accounted for 833~ percent of the reported skin cancers '-n both
groups and was concentrated anatomically on the face, head, and neck. The
f cv melanoma and squaaous cell cancers were evenly distributed between the
Ranch Hand and C3mparison groups. All skin ýýancezs occ~urred in, nonblacks.
Adjustments for occupational exposures (e.g., asbestos, degreasing chemicals)
did not alter the increased rate of skin cancer in the Ranch Hand group.

Skin canicer In both groups was associated with expusure to industrial
chemicals (pO.0O3). Herbicide exposure analyses in the Ranch Hand group were
essentially negative, although confounding was noted ini many of the analyses.
Outdoor occupations subsequent to military service as a covariate did not
account for the significant skin cancer association~.



Parameters of the 1985 Malig-rancy Assesawent

The emphasis on crncace was 1ncreased during the first follavup study in
1985. With the Baseline finding of excesbive skin za&tcer in thie Ranch Hands,
and the lack of covariate data to refine thatr asso-ciatioiu, considerable
attention was devoted to skin cancer. The qvnestionnaire was al.tered to
collect information, on each geographic location in which a participant lived
for more then 12 montho in order to calculate a cumulative "lifetime" sun
exposure index based on geogrniphic 'atitude, ?irice ultraviolet light exposure
has baeui acknovledged as the primary cause zf Lesal cell carcinoma. Detailed
data or. skin tannability, eye, skin, and hair color, and parental ethnicity
were also obtained. In addition, emphasis at the dermatologic exw~nation
was shifted from acne/chloracne to skin cancer, and punch biopsies uiez~e
sought for all 3uspected malignant lesions.

The participants were asked to bring copies of their medical records to
facilitate the verification of xeported malignancies. Highly str.vctured
smoking data were collected for more detailed covariate adjustments, and
Baseline question'i on exposure to other carcinogens were repeated to gather
interval data. No invasive procedures were used at the followup physical
examination to detect evidence of systemic cance -.

Thus, the dependent variables of the enalyse3 belov are similat to the
Baseline analyses, but covariate analyses have !)en expanded for both skin
aind 3ystemic cdncers. The lifetime occurrence of cen~erp as well as the
interval occurrence of skin and systemic cancers between the Baseiine and
foIiowip examinations, is analyzed.

Minor numeric differences in various tablea that follow reflert muissing
data from the covariatee. The statistical methods uaed v roughout this
chapter are Fisher's exact test, thi-square tests of associ-ation, anr'd
logistic regrevaion models (BMDP*O.LR) lor adjusted group contrasts of
neoplasm incidence zates.

RESULTS AND DISCUSSION

General

MCalignant an-1, benign neoplasms, carcint~oas in situ, ard aoplasms of
uncertain behavior or unspecifie-1 nature are studied in this chapter. TLe
term 4systemic" is used throughout t3 denotc a normskin neoplasm. '&he tee~m
"unspeciftid" is used to denote a neoplasm of uncertain ýe4i~vior or
v.nspecif led nature. Neoplasm refers to any uew and abnormal growth which may
or may not be iualignant. IftlAgnant neoplascr (malignancies, cancer) are
those neoplasms that are capable of invasion and metistasis.

Questionnaire Da-a

At the followup examinatiGi, p?.titipants provided information on caiiwr
diuring tne interval, between ezaoqinationra aivi participants vho were new tra thee
study gave their lifetime histcry. All -eported neoplasm~s entared Lhe
medical records review process for veri'..icatiern. Only 11 R~anch BIands (1.1%)
and 12 Comparisons (0,9%) reported neopl.astic condit~ons which could not be
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substautiauted (all of the skin); the group difference va~s nonsignificant
(p-.0833).

-teal Rf vuuation Uata

Som. possible. neoplastic conditiens ver* discovered by the physicians at
the physical examination. Hany suspiciCUi sktin lesions vere biopsied and the
pathology determined. Govevrer, for some suspected skin neoplasm.s and all
suspected systemic neoplasms, verification Yea not complete at the time of
vriting this report, and thus. both verified and suspected neoplasms are
described and analyzed. The term suspected is usid throughout to denote
those possible neoplastic conditions noxed.by the physicians at the follovup
examinatlon for which the results of verification are not yet stvailable.
Consideration of suspiacted neoplasms vas justifiable in particular for skin
neoplasms, ',or vhith the biopsy confirmation rate is high.

Statisticetl Analysis

The statistical analysis is dercribed in three sections. The first
section presants unadjusted and adjusted analyses of skin and systemic
neoplasm incidence In the Daseline-follovup interval, and is r~fezred to as
interv'al analysis. In the second section, unadjusted and adjuared analyses
of lifetime skin and sysatemic neoplasm incidence are analysed for the
followup participants, Incorporating Basfiline information. Since there were
very few Lneoplasm occvr7ýnces W~ore the SZA tours, thisa comeined interval
and Asseline analysis is referred to thrcoughout as lifetime analysis.

* Lastly, the neoplasm nistory and mortaltty of the tully compl'unt Samplive
parti1cipant~s subwsquent to Baseline rer described. All analyses are ol& the
'nuw~ern c-' participants with (one or more) nt".plasma, and not of the total
numbeir of neoplasais.

the pnipjose of thaeu thret analyped is to present a comprehensive
picture of the neoplasia lUbtory of the fca.lovup participants, and to provide
some additinral inf'rmazion on the nezoplssi& Pstats of the Baselino partic-
Irants subsequent to Saseline. There va~s a slight JIifferen~e betveens the
Baseline and follovup cohorts. The Interval and lifetime analyses purtmin to
neoplasm tvt..dwtce among follovup participants only. The third section
pertains to Baseline participants only, describing their history of neepiiasm
iiacideuce and mortality since Baseline. A fully combined morbidity-mortality
analysis ves. i.t feasible for this rep~ort.

;*ssuming a (tvoN-sided) a -level of 0.05 and pover 0.0, the sample sizes
wez sufficient to detect a relative r.~sk of 2.56 when the Comaparison
neopla.om tivoide~ace raet is I percent, and a ral~.cive risk of 1.63 vher. the
Comparison neoplsma incidwiuc~ rate is 5 percent. orw nnnblack~s only, the
cncrresponoing detectable relative~ ricks are 2.63 and 1.65, respectively.

All anclyses of daita from Ranch Han4s and th~e Original Comparisons only
are given in Appendix H., This appendix also contains other tabulations, such

" "7'-ate anSi interaction tables.
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38li F-rolovup interval

Table 10-1 shove the Baseline-follovup interval neoplasm history for the
follovup participants. The interval began in January 1982 for participants
new to the study, i.e., the 45 new Ranch Hands, the 71 new replacement
Comparisons, and 83 newly compliant Original Comparisons.

The total numbers of participants with verified neoplasms were 161/1,016
(15.8Z) Ranch Hands and 170/1,293 (13.1%) Comparisons; the group difference
was marginally significant (p.0.073). The relative frequencies of partic-
ipants with verified plus suspected neoplasms, 17.4 percent of Ranch Hands
and 16.2 percent of Comparisons, did not difter significantly between groups
(p.0.466).

Appendix Table H-1 gives the numbers of participants with verified or
suspected neoplasms and unadjusted analyses for the Ranch Hands and Original
Comparisons in the Baseline-follovup interval.

Interval SkJn Peoplasmm

Of Ranch Hands with verified neoplasms of all types (malignant, benign,
and untertain) 70.8 percent (114/161) had skin neoplasms; the corresponding
percentage for the Comparisons yes 68.2 percent (116/170). The difference in
these proportions was not significant (p.0.634). Vhen suspected neoplasms
vere included, the contrast was 70.1 percent (124/177) versus 67.6 percent
(142/210), again not significant (p-.0.660).

No Blacks yere found to have skin cance:, as anticipated since Blacks
have a lower susceptibility to sun-induced skin cancer. Therefore, ahalysis
of skin cancer vas limited to nonblacks.

Of Ranch Hands with skin neoplamsm, 32.5 percent (37/114) had malignant
neoplasms, as contrasted to 34.5 percent (40/116) of the Comparisons
(p-0.781). Uhen suspected malignant skin neoplasms were included, the
contrast vas 37.9 percent (47/124) versus 42.3 percent (60/142), and was not
significant (p.0.531).

For the remainder of this section, only malignant skin neoplasms are
analyzed. The dependent variables examined were basal cell carcinomas,
melanomas, squamous cell carcinomas, all skin cancers combined, and a group
of skin cancers called sun exposure-related skin malignancies. The sun
exposure-related skin mslignancies were defined as basal cell carcinomas,
melanomas, and malignant epithelial neoplasms not otherwise specified (NOS).
The latter were included because they are frequently misdiagnosed basal cell
carcinomas; three Ranch Hands had this diagnosis.

Interval Nalinant Skin Neopla8m

Table 10-2 presents the numbers of participants vith verified and
suspected malignant skin neoplasms by cell type: basal cell carcinomas,
squamou3 cell carcinomas, melanomas, all skin malignancies combined, and the
sun exposure-related skin malignancies, together vith the results of
unadjusted group contrasts. For the sake of completeness, the total numbers
of malignancies of each type are also given. The majority of the
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participants vith verified xkin malignancies had basal cell carcinomas4 78.4
* percent (29/37) Ranch Hands versus 75.0 percent (30/40) Comparisons; the

difference between the groups vas not significant (p.0.792).

Mmajusted Analyses

Table 10-2 shovs that no significant group differences vere found in the
incidence rates of either verified or verified plus suspected malignant skin
neoplasms. For verified basal cell carcinomas, the estimated relative risk
of Ranch Hands versus Comparisons was 1.23 (95Z C.I.: [0.73,2.07j) and yes
not significant (p.0.429). The estimate*4 relative risk for verified squamous
cell carcinoma, 1.27 (95% C.I.: [0.32,5.061), vys also not significant
(p=0.738). The estimated relative risk for verified melanoma, 0.42 (95%
C.I.: (0.04,4.061), was also not significant (p.0.635)o There were very fey
occurrences of melanoma (on. Ranch Hand and three Comparisons) since this is
a much rarer condition than other kinds of skin cancer. There were no signif-
icant diffeLr.nces betveen the groups for all verified malignant skin cancers
combined (Est. RR: 1.18, 95Z C.I.: [0.75,1.861, ps0.486) or for the category
of sun exposure-related skin malignancies (lat. U1s 1.24, 952 C.I.:
[0.75,2.02], p,O.4"7). When both verified and suspected malignant skin
neoplasms vere analyzed, the conclusions vere similar, namely, there were no
significant differences betveen the groups, and moreover, the estimated
relative risks were closer to 1. No groug differences were found in the
parallel contrasts of Ranch Bands versus Original Comparisons (see Table H-2
of Appendix H).

As shown in Table 10-3, additional analyses contrasted group differences
*in the anatomic location of basal cell carcinomas, melanomma, and aun

exposure-related skin malignancies. Nost occurrences of basal cell carcinoma
and sun exposure-related skin malignmeles yere on the face, head, or neck,
or the upper extremities. The relative frequency of occurrences of verified
basal cell carcinomas at these combite sites vas 89.7 percent for Ranch
Hands and 80.0 percent for Copaerisons of the total number of occurrences in
each group, respectively. The group contrast (26/29 versus 24/30) was not
significant (p.0.472). These combined sites accounted for 90.6 percent
(29/32) of the sun exposure-related malignancies for Ranch Hands versus
72.7 percent (24/33) for Comparisons; this contrast vas also not significant
(p-0.108). The corresponding contrasts, vhen suspected malignant neoplasms
vere. included vith the verified malignant neoplasma, vere also not
significant. One Ranch Hand had verified melanoma of the face, and three
Comparisons had verified melanoma on the trunk. Two other Comparisons had
suspected melanoma, also on the trunk. The group contrast for melanomas on
the trunk vas not significant for verified conditions (p.0.260), but vas
marginally significant for verified plus suspected conditions (p.0.071), the
detriment being in the Comparison group.

Table 10-4 gives the frequencies of participants vith face, head, and
neck skin malignancies by group and occupation. Specifically, nonmelanona
malignant skin neoplasms and the sun exposure-related malignant skin
neoplasas are listed by occupational category. For officers and enlisted
groundcrev, the frequencies of participants with face, head, and neck

iignant skin neoplasam (both amlignant nonmelanoma and the malignant sun
exposure-related skin neoplasms) did not differ signifcantly by group.
Hovever, the Ranch Hand enlisted flyers had a significantly higher frequency
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of malignant sun exposure-related skin neoplasms than the correspon~ing
Comparisons, 4.8 percent versus 1.0 percent (p.0.049). Pov nonmelanoma
malignant skin neoplasm, the contrast vas 4.8 percent versus ;,.6 per-eMt,
but the difference was not significant (p4-0.121). Inclusion of auapoeted
malignant neoplasms vith the verified ma)ignant neoplasm reduced the
significance of the difference betveen the groups for both Che sun
exposure-related skin malignancies and the nonmelanoma malignant wkir;
neoplasm.

Adjusted group contrasts of the incidence rate of basal cell caLciroms
and malignant sun exposure-related skin neoplasms vere done !or verified and
verified plus suspected conditions. Adjusted analyses weret not carried out,
hovever, for melanomas or squamous cell carcinomas because of the small
frequencies.

Covariates

The covariates considered for the adjusted analyses of malignant skir
neoplusm incidence, listed in Table 10-5, vere the matching variablus age and
occupation; history of alcohol and cigarette use; host factorw, towpriving
skin color, eye color, hair color, and ethnic background; reaction of skin to
sun exposure; average lifetime residential latitudej and "xpoevre to recog-
nized carcinogens. Age vas used as a continuous variable in tht adjusted
analyses, but vas categorized for ease of presentation in the report.

Rye color, hair color, and skin color were coded bi, the dermatologist at
the physical examination. Hair color vas determined by compariP the hair at
the back of the neck vith 17 numbered standardized hair samples and
selecting the most closely matching hair sample. Similarly, skin color
groupings from dark brown to pale Inach vere determined by comparing
standardized flesh-colored squares against the skla of the insid, upper
arm. For the analysis, hair and skin colors vere grouped as sho•an in
Table 10-5. Each participant was assigned to one of four ethnic groups
according to his responses to questions on race, as given in Table 10-5.
(Blacks vere omitted from the table becatse the analysis of maling-nt &kin
neoplasis was restricted to nonblacks.) These ethnic categories ar?
approximate groupings in terms of susceptibility to sun-induce! skin damage.
The ethnic categories also generally correlate to skin color, a commonly
known important risk factor for skin cancer.

A lifetime residential history vas obtained from all participants by &
questionnaire. Residential history, relative to the equator, is a surrogate
measure of sun exposure (but does not account for altitude or average
sun-days at each location), an important risk factor for skin cancer. Each
participant vas asked to list all residences chronologically, citiag i• oh the
city (or military installation) and the years of residence at each locatica
since birth. Residences of less than 1 year vere not sought because of the
frequent short-term military travels of these cohorts.

By standardized geographic atlases, the latitude (in degrees and
minutes) of each residence vas recorded. The Air Force subsequently checked
all of the latitude determinations for accuracy. The average lifetiis
residential latitude of each participant vas calculated by dividing "he total
degree-years (i.e., sun of latitude [degrees] times number of years lived
there) from all residences by the total number of residential years listed.
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S~TANSE 10-5.

Covatiaten for Analyses of NeV.naat Skin fropjasmu

Covariate Category

Age Born ý1942, 1923-1941, S1922"

Occupotion Officer, Enlisted Flyer, Enlisted Groundcrev

Lifetime Cigarette Smoking Pack-years: 0, >0-20, >20-40, >40

Lifetime Alcohol Consumption Drinit-years: 0, >0-5, >5-30, >30-i00, >100

ithnic Background A, B, C, Db

Skin Color Dark, medium, pale, dark peach, pale peachi

Hair Color Black, dark brown, ltgh. brown, blond, red

3ye Color brown, hazsl, green, gr&y, bluec

Reactiond of Skin to Sun
Exposure :

(A.1) After first 30 minutes Burns, usually burns, burns mildly, rarely
of summer sun burns

(A.2) After ý2 hours, after Burns painfully, burns, becomes red, no
first exposure reaction

(A.3) After repeated sun Freckles vith no tan, tans mildly, tans
exposures moderately, tans deep brown

"Sun-ReacLion Index (Composite) 4  (1) Burns painfully (A.2) and/or freckles
vith no tan (A.3)

(2) Burns (A.2) and/or tans mildly (A.3)
(3) All other reactions

Residential Bistory Average ititude <370, >370
(Average Latitude)

Exposure to Carcinogens/Groups
of Carcinogens

Set 1
Asbestos Yes, No
Nonmedical X Rays Yes, No
Industrial Chemicals Yes, No
Herbicides Yes, No
Insecticides Yes, No
Degreasing Chemicals Yes, No

0
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TA3BL 10-5. (continued)

Covarlates for Analyses of Wm3,ignmnt Skin Neoplams

Covariate Category

Set 2"
Anthracene Yes, No
Arsenic Yes, No
Benzene Yes, No
Benzidene Ys, No
Chromates Yes, No
Coal Tar Yes, No
Creosote Yes, No
Aminodiphenyl Yes, No
Chloromethyl Ether Yes, No
Mustard Gas Yest No
Naphthylamine Yes, No
Cutting Oils Yes, No
Trichloroethylene Yes, No
Ultraviolet Light (not sun) Yes, No
Vinyl Chloride Yes, No

Composite Carcinogen Exposure Yes, if yes for exposura to any carcinogen
in set 2, otherwise no.

"Used as a continuous variable in adjusted analysis.

bA - English, Welsh, Scottish, lrish.

B - Scandinavian, German, Polish, Russian, other Slavic, Jewish, Frtnch.
C - Spanish, Italian, Greek.
D - Mexican, American Indiazi, Asian.

cParticipant with one green eye and one brown eye is coded a3 green.

dQuestionnaire data (see Appendix B).

eAFHS Form 2 (see Appendix C).
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xecognizing that both total degree-years and average lifetim" latitude could' be covariales for malignant sun exposure-related skin neoplasms, average
latitude was selected becau.,, of the high correlation of degree-years with
chronological age, a separate risk factor already used in the analyses.
Further, average residential latitude was believed to be a more stable
mea.ýure in the presence of some lack of precision in the source dala. In all
analyses, the average residential latitude was used as a dichotomous variable
(less than 370 N latitude, gree.ter than or equal to 370 N latitud?). A line
across the Unit~ed States at 370 N approximates a line from San Frai~cisk.;o,
California, to Richmond, Virginia.

Examination of the group distributions of the latitude variable sugg-est
that it is a significant confounding variable. Specifically, 56.7 percent of
14he nonblack Ranch Hands had an average lifetisme residencial latitude greater
than or equal to 370 N4 latitude versus 49.4 percent of the nonblack Compar-
isons (p.0.001). Although the average lifetire group residential latitudes
nppear similar (37.210 N latitude fqr the Ranch Hands, and 3b.740 N latitude
for the Comparisons), this dlffere-,ce is also highly significant (p-0.003),
reflecting the ~antial power of the analysis of continuous data.

Participants reported their susceptibility to the effects of sun-
exposuze damage by answering three questions about their skin reaction to
sun: the reaction after the first 30 KI~nutes of exposure to ruzimer sun, the
neiaction after 2 or more hours of sun exposure after thoe first 30-mi.nute
erposure. and the reaction after repeated exposui~es (see questions 1.0-12 on
page 71 af the questionnaire provided in Appendix B). Since these three
responses are highly correlated, a composite sun-reaction variable for use in
the~ adjusted anaiyzis, talled the sun-reaction index, v&-s constructed from
the las't two questionn (2-'hoixr airl repep-ted exposure reactions) after

fit examination of the oascciation between basal cell carcinoma incidence and the
three skin reaction variables. The sun-reaction index had three categories.
The first category carr~spanded to the most sensitive reaction or. thu last
two quistions, the second na.tI-gory corresponded to the next lesa sensitive
reaction on these two questions, and the third category comprised the
remlaining respcnses.

Detailed cuestioflnaiia information on exposure to asbesto..., nonmedical
x rnvs, industrial :.hemicals, herbicides, insecticides, and degreasing
chc zals was obtaine'i from each participant. Self-reported information on
e~posure to 15 individual carcinogens was obta-,ined~at the physical examina-
tion. A compor'ite carrdnogen exposure variable was constructed from these
responses on Andividual carcinogens: A parti~cipant had a ?oaili~ve score !or
this variabli if he :eportsd erpasure to one or more oi the 15 carcinogens,
otherwis~e hq. had a nega~ive score. Seli-reported information on asbestos and
radiatic.i ezxptsure vas not used because this information vas obt~aiiied in more
detail from the qtuestiornaire.

The nonh].ack Ranch 3ands differed significantly from the vjornblack
Comparisons in their exposure (yes/no) to nonmedical x rays (1i9,3% veraius
25.6%, p<.0-M). They alEo differed significantly from the Comparisons in
"their erposure-to herbicidps (94 .1% versus 29.P%, p<0.001) and insectic,..des
(70.21% verzus 53.1%, p<0.001), possibly veflecting Vietnam experience. These
variables were not used in the adjusted analysis. Fuirther, there were
significant or mbrgina'ly significant group differences in ttie self-reported
exposures to siveral individual carcinogens, in each instance relatively w~ore) (rnonblack) R.anch H&ai_3 than Comparisons reported exposure: arsenic \(2.7%
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versus 1.2%, p-0.016), naphthylazine (3.3% versus 1.7%, p-0. 0 24), cutting
oils (12.7% vecsus 8.7%, p-O.003), benzene ý4.3= versus 2.7%, p-0.056), and
be.nzidine (0.8% versus 0.3%, p-0U070). Results were smalar when Blatks were
included In the analysis.

Covariate Associations

Tab~e 10-6 gives a summary of the chi-.square tests of asaoc'Oation
between zl covariates and the incidence of basal cell careinomas and sun
exposure-related malignancies. Details of these tests of association are
provided in Appendix H, Table H-3.

There was a significant increase in the incidence rate of verified basal
cell carcinomas with increasing age (p.0.001). There was a s'gnificint
difference in the incidence rate of basal cell carcinomas amaong occupatioh
groups, with enlisted groundcrew hating a lower iWcidence rate (1.8%) than
officers (3.7%) and enlisted flyers (3.1%) (p-0.047). Since officers are, oa
the average, 5 years older th , enlisted participants, this '.Je.upation effect
may be due to some confounding with age. There was a higher incidence rate
for average lifetime residential latitude less thai 370 N versus greater than
or equal to 370 N latitude (p.O.008). Furthermore, there was a strong
difference for different levels of the sun-reaction index (p<0.0Ol), and tre
three skin-reaction-to-sun variables (pD.0O01 for all). Participants vho
tended to burn most had a lower rate (1.4%) than those with a milder reaction
(6.0%), and a similar rate to those who tended to tan (1.9%) (an unexpected
finding). There was a significant relationship between the incidence rate of
basal cell carciaoma and total pack-years of lifetime smoking (p.0.023 for
verifieds). This effect may also be due to confounding with age rather than
to a primary smoking effect (see Table H-5 of Appendix H). No significant
association was found between the incidence rate of verified basal cell
carcinoma and lifetime drink.-years.

No significant associations were found with ethnic group, skin color,
eye colar, and hair color. However, when the ethnic group categories were
dichotomized as Celtic or English versus other ethnic groups, the association
was marginally significant (p=0.093). Skin color was dichotomized as dark
peach or light peach versus other colors, and the association was significant
(Est. RR: 3.00, 95% C.I.: [1.08,8.33], p-0.024). Hair color was dichotomized
as blond or red versus other colors. The associatior of hair colLor with
basal cell carcinoma incidence was not significant (p=0.3 8 4 ). Furthermore,
no significant relationship was found between basal cell carcinoma incidence
and the composite carcinogen-exposure variable (p.0.523) or the grouped or
individual carcinogens.

The associations between the covariates and the incidence of veri'led
plus suspected basal cull carcinomas paralleled those for the verified basal
cell carcinomas only, except that the difference in rates among ethnic groups
was significant (p.0.046), hair color was significant (p=O.040), and a
marginally significant positive relationohip was found with nonmedical x-ray
exposure (p.0.084) and herbicide. exposure (p.0.072). The difference among
occupation 3roups, however, was more significant (p.0.003).
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TABLEZ 10-6.

Sumary of Associations leteen Incidence Rates
of Basal Cell Carcinoma and Sun Exposure-Related Skin Malignancies

and the Covariates, in the Baseline-lollovup Interval
for Combined Follovup Ranch Hand and Comparison Noublack Participants

Sun Exposure-Related
Basal Cell Carcinoma Skin Mali ncies

Verified & Verified &
Verified Suspected Verified SuspectedCovartate p-V-al7u-e p-V-alu1;__ p-Vle" -p-Value

Age 0.001 <0.001 0.004 <0.001

Occupation 0.047 0.003 NS* 0.006

Lifetime Cigarette Smoking 0.023 0.005 0.012 0.007

Lifetime Alcohol Consumption NS NS NS NS

Ethnic Background NS 0.046 NS 0.036

Skin Color NS** NS NS NS**

OHair Color NS 0.040 NS NS*

Eye Color NS NS NS NS

Reaction of Skin to Sun
Exposure:

(0.1) After first 30 minutes 0.001 <0.001 <0.001 <0.001
of summer sun

(0.2) After >2 hours, after <0.001 0.027 0.001 0.016
first exposure

(0.3) After repeated sun <0.001 0.001 <0.001 <0.001
exposures

Sun-Reaction Index (Composite) <0.001 <0.001 <0.001 <0.001

Residential Hist.ory 0.008 0.004 0.011 0.003
(Average Latitude)

Exposure to Carcinogens/Groups
of Carcinogens

Set 1a
Asaestos NS NS NS NS
Non-medical X Rays NS NS* NS NS
Industrial Chemicals NS NS NS NS
Herbicides NS NS* NS NS
Insecticides NS NS NS NS
Degreasing Chemicals NS NS NS NS

10-19



TABLA 10-6. (continued)

Swmaa-y of Assoca.qttous Setveen Incidence Rates
of Basal Ceil Carcin•om aad Sun M spoure-R.eat.td Skin HalignmncitJs

and the Covarlates, iu thR Baol&ine-Follovip Interval
tor Coabined Fo.lovup Ranch Hand and Comparison Nonblack Participawn s

Sun Exposure-Related
Basal Ce]l Carcinoma Skin Malignancies

Verified & Verified &
Verified Surpzcted Verified Susjected

Covariate p-Value - p-Value

Set 2b
Anthracene NS KS NS NS
Arsenic NS NS NS NS
Benzene NS NS NS NS
3enzidene KS NS NS NS
Chromates NS NS NS NS
Coal Tar NS NS NS NS
Creosote NS NS NS NS
Aminodiphenyl NS NS NS NS
Chloromethyl Ether NS NS NS NS
Mustard Gas NS NS NS NS
Naphthylamine NS NS NS NS
Cutting Oils NS NS NS NS
Trichloroethylene NS NS NS NS
Ultraviolet Light (not sun) NS NS NS NS
Vinyl Chloride NS NS NS NS

Composite Carcinogen Exposure NS NS NS NS

NS: Not significant (p<O.10).

NS*: Borderline significant (O.05<p_.01O).

**Not significant when five categories of skin colr examined; however, when
dichotomized, p-0.024 for verified basal cell carcinoma and p=0.036 for
verified and suspected sun exposure-related skin malignancies.

&Questionnaire data.

bARHS Form 2.
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Ls expected, the relationships between the incidence of verified sun
* exposure-related skin malignancies and the covariates were similar to thoce

just described for basal cell carcinomas (Table 10-6 and Table H-4 of
Appendix H). For verified conditions, there was a strcng increase in
incidence rate vwth age (p.0.004), total lifetime smoking (p=0.012), average
lifetime risidentie± laditude (p-0.011), the reaction-to-sun exposure vari-
ables (pP.0O1 for all), and the sun-reaction index (p<0.001), with similar
strong assoeiationi for the verified plus suspected conditions. The
difference among occupation groups was marginally significant (p.0.077) for
verified conditions; this difference vas significant (p.0.006 ) for verified
plus suspected sun exposure-related skin malignancies (officers 5.9%,
enlisted flyers 4.2', enlisted groundcrev2.8X). There was no association
with the composite carcinogen-exposure variable, either for verified
(p.0.879) or fdr verified plus suspected conditions (p.0.608).

Table 10-6 shows no significant association between the incidence rate
of verified sun exposure-related skin malignancies and ethnic group, hair
color, skin color, or eye color. When suspected conditions were included,
the ethnic group association was significant (p.0.036), and the association
with hair color became borderline significant (p=O.051). There were higher
incidence rates among those of Celtic or English background as opposed to
other ethnic backgrounds, and among participants with blond or red hair as
opposed to other colors (see Table H-4 of Appendix H). As in the analysis of
basal cell carcinomas, the ethnic group, hair color, and skin color
categories were collapsed, resulting in (for verified conditions): p-0.054
for those of Celtic or English backgrounds versus other ethnic backgrouncs
(Est. RR: 2.04, 95Z C.I.: [1.00,4.17]) and p-O.031 for skin color peach
versus not-peach (Est. RR: 2.61, 95% C.I.: [1.04.6.58]), but no significant
association with hair color grouped as blond or red versus other (p=0.268)

* was found.

Adjusted Analyses

Because of the obvicus interrelatedness among the host factors of hair
color, skin color, eye color, ethnic background, and reaction of skin to sun,
and because a smaller set of covariates was required for the adjusted
analyses, a "main-effects" statistical model of basal cell carcinoma with the
following covariates was used: age, occupation, total pack-years, lifetime
drinking, ethnic background (dichotomized), hair color (blond or red versus
other), eye color, skin color (peach tones versus other), the three
skin-reaction-to-sun variables, average lifetiae residential latitude (less
than 371 N versus greater than or equal to 370 N), and Zhe composite
carcinogen exposure variable. The results of this analysis are given in
Appendix H, Table H-5. The results showed that ethnic background, hair
color, and the 30-minute skin-reaction-to-sun variable, while individually
associated with basal cell carcinoma incidence, are relatively less important
than the other host factrs, namely skin color, and the 2-hour and repeated-.
exposure skin-reaction-to-sun variables, and were thus not included in the
adjusted analyses. Total drink-years and the composite carcinogen exposure
variable were not significant ano thus were not used in the adjusted
analyses. A parallel analysis was conducted in which the composite sun-
reaction index replaced all three skin-reaction-to-sun variables, and it was
found that this subst'tution could be made without altering the relative
contributions of the other covariates. For further reduction of the number
of covariates, pack-years of smoking, although of interest (p.0.0 9 6), was
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also omitted. Thus, a reduced set of covariates for further analysis of the
group contrasts was identified as age, occupation, skin color, average
lifetime resildential latitude, and the sun-reaction index.

The results of adjusted analyses of group contrasts in the incidence
rate of basal cell carcinoma and sun exposure-related skin malignancies are
presented in Table 10-7. Parallel results for Ranch Hands contrasted with
the Original Comparisons are given in Appendix H, Table B-6. A significant
group-by-occupation interaction was found for verified interval basal cell
carcinoma (p-.0044). Significant covartates were age (p.O.003), average
residential latitude (p.0.003) and the sun-reaction index (p<0.001). The
interaction was due to a significant difference in rates for enlisted flyers
but not for officers or enlisted groundcrev: Ranch HanA enlisted flyers had
a siinificantly (p-0.019) greater incidence rate of basal cell carcinomas
than the corresponding Comparisons, 5.4 percent versus 1.0 percent (Adj.
RR: 6.50, 95Z C.I.: [1.36,31.011) (see Appendix H, Table H-7).

There was a significant group-by-sun-reaction index interaction in the
analysis of verified plus suspected basal cell carcinomas (p.0.024); this vas
in part attributable to the absence of Ranch Hands who reported burning
easily. The group frequencies for the three levels of this variable (burn
easily, intermediate reaction, tan easily) were: Ranch Hands 0 (OX), 17
(8.9%), and 19 (2.7Z), respectively, and Comparisons 4 (5.2%), 15 (5.7%), and
28 (3.2%), respectively. The incidence rate for Ranch Hands who had a
moderate reaction to snm was (nonsignificantly) greater than that of the
Comparisons. The details of this interaction are given in Appendix H,
Table H-7. A skin color-by-age interaction (p.0.044) and average latitude
(p.0.003) made significant contributions to the model.

Results of the analyses for Original Comparisons were nonsignificant for
"verified conditions, although a marginally significant group-by-sun reaction
interaction was found (p=0.051). The results for verified plus suspected
conditions revealed a significant group-by-sun reaction index interaction
(p=0.007 ) (see Table H-6 of Appendix H). Ranch Hands who had a moderate skin
reaction to sun revealed a significantly greater incidence rate of verified
basal cell neoplasms than corresponding Original Comparisons (Adj. RR: 2.81,
95% C.I.: [1.05,7.55], p-0.040) (Table 1-8). This finding was marginally
significant with the inclusion of suspected carcinomas (Adj. RR: 2.38, 95Z
C.I.: [0.98,5.761, p-0.055).

The adjusted relative risk for the incidence rate of verified sun
exposure-related skin malignancies was 1.37 (95Z C.I.: [0.83,2.281) and was
not significant (p.0.221) (Table 10-7). Age (p<O.001), the sun-reaction
index (p<0.001), and average lifetime residential latitude (p=0.008) con-
tributed to the adjustment. No group difference was apparent when suspected
malignancies were included. The adjusted relative risk was 1.05 (95Z C.I.:
[0.68,1.621, p.0.825), and the significant covariates were a skin color-by-
sun-reaction index interaction (p.0.028), a skin color-by-age interaction
(p=0.028), and a skin color-by-regidential latitude interaction (p.0.041).

e I

10-22



TABLI 10-7.

Adjusted Analyses of Nonblack Followup Participants for Malignant
Skin Neoplasm Incidence During the Baselino-lFllovup Interval

Adj. Relative
Variable Status Risk (95X C.I.) p-Val'ie Covariate Remarks*

Basal Cell Verified **** ACE (p.0.003)
Carcinoma LAT (p.0.003)

SUNREAC (p<0.001)
GRP*OCC (p.0.044)

Verified & **** LAT (p-0.003)
Suspected GRP*SUNREAC (p.0.024)

SkIN*AGE (p-n0.044)

Sun-Exposure Verified 1.37 (0.83,2.28) 0.221 AGE (p<0.001)
Malignant SUNEAC (p<Q.001)
Skin Neoplasms LAT (p.0.008)

Verified & 1.05 (0.68,1.62) 0.825 SKXN*SUNREAC (p-,0. 0 28 )
Suspected SKIN*AGE (p-0.028)

SKIN*LAT (p.0.0 4 1 )

*Abbreviations:

LAT: average lifetime residential latitude
SUNREAC: sun reaction index
GRP: group
0CC: occupation
SKIN: skin color

****Group-by-covariate interaction--adjusted relative risk, confidence interval,
and p-value not presented.
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I
Analysis of the Ranch Hands versus Original Comparisons contrasts found

t significant group-by-skin color interaction for verified sun exposure-
related malignancies (p--O. 0 36 ), and a sfgnif,'cant group-by-sun reaction index
ints)action (p-0.030), similar to that found Enr basal cell carcinoma, fuT
the verified pl'us suspected malignant neoplasms (see A.ppendix H, Tables U-6
and 1-b, for details). The gro'ip-by-ski color intertction was due to a
lover incidenct 7ate for usonpeach Ranch Hands thar. Original Comparisons (Adj.
RR: 0.20, 95Z C.I.: [0.02,1.801, p-O.150), but a higher incidence rate for
peach toned Ranch Hands than Original Comparisons (Adj. P11: 1.70, 95Z C.I.a
[0.95,3.041, p.O.0 73). The group-by-sun reaction index interaction (verified
and suspected) was again due to Ranch kands vho react moderately to the sun
having a higher incidence rate than similar Original ýompnrisons (Adj. RR:
2.74-, 95% C.I.: [1.14,6.631, p-0.025).

Interval Systemic Neoplasus

As shovn in Table 10-1, eight Ranch Hwlds (0.8%) and seven Comparisons
(0.5%) had verified malignant systemic ueoplasms in the interval between the
Bc~elinmt and fnllowup examinations. When su3pected malignant systemic neo-
plasms were included, the numbers were 12 Ranch Hands (1.2Z) and 12 Compar-
isohs (0.9%). The pinportions of malignancies among the systemic neoplasms
of all types (malignant, b-snign, uncertain) were similar in the two groups:
14.5 percent (8/55) for Ranch Hands and 11.5 percent (7/61) for Comparisons
(p.0.783). Inclusion of sispected zonditions lid not change the conclusion
from this contrast: 18.5 percent (12/65) Ranch Hands versus 15.0 percent
(12/80) Comparisons (p-0.656).

For the remainder of this section, only majignant (verified and

suspected) systemic neoplasms occurring in the Barellne to follovup interval
are analyzed. These occurrences ,ere distinct from those reported at Base- 4
line. lo new metastatic systemic neoplasms vere reported in the interval.

Interval Krilignant Systemic Neoplasms

Table 10-8 shows the sites of the new malignant neoplasms reported by
the eight Ranch Hands and seven Comparisons. Classification of malignancies
was based on IC0-9 with specip'. coding for tumor type as well as site, thus
avoiding problems of underreporting of STS. Six Ranch Hands and five Com-
parisons had suspected systemic neoplasms in this interval (Table 10-9),
making a total of 12 in each group, since 2 Ranch Hands vith verified
systemic neoplasms also had suspected systemic neoplasms. The frequencies
were too small for indepth analysis of individual sites. Table 10-8 shows
that two Ranch Hands had malignant neoplasms of the oral cavity and pharynx
versus no Compar~sons, and three Comparisons but no Ranch Hands had malignant
neoplasms of the colon. For all digestive system malignamcies (esophagus
plus colon), there were four occurrences among Comparisons but none among
Ranch Hands. The analyses that follow are based on the combination of all
interval malignant systemic neoplasms regardless of specific sitf, both
verified and verified plus suspected.

Table H-9 of Appendix H lists the malignancy sites for the eight Ranch
Hands and the six Original Comparisons in the Baseline-followup interval.
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TABLI 10-8.

Sounar of Vollowup Participants with Verified Malignant
Systemic Neoplasm ti aseline-Follovup Literval by Group

Group ....

Site Ranch Hand Comparisoit Total

Oral Cavity and Pharynx 2& 0 2

Thyroid Gland 0 1 1

Esophagus 0 1 C 1

Bronchus and Lung 1 0 1

Colon 0 34' 3

Kidney and Bladder 2 1 3

Prostate 1 1 2

Testicles 1 0 1

* Connective and Other
Soft Tissue 1 0 1

Total 8 7 15

"Includes one Ranch Hand with separate malignancies of tongue and epiglottis
and also malignant neoplasm of bone.

bIncludes one Rench Hand with separate malignant neoplasms of tongue and
oroprarynx and secondary malignant neoplasm of other site.

CAlso has malignant neoplasm of bone.

dIncludes one Comparison wvth secondary malignant neoplasms of liver and bone
and bone marrow.

*Includes on* Comparison with secondary malignant neoplasm of liver.
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TABLI 10-9.

Sumry of Followup Participants with Suspected Nalignant
Systwic Neoplawn at sica1 Kie maimiution by Group

Group

Site Ranch Hand Comparison Total

Bronchus and Lung 4 ,b2 6

Rectum 0 1 1

Liver 1 0 1

Prostate 0 1 1

Lymphatic and
Hematopoietic Tissue 0 1

Unspecified Site 0 1 1

Total 6 5 11

"aIncludes one Ranch Hand with a suspected maglignant neoplasm of either lung,

mediastinum, esophagus, or ill-defined site within digestive organs and
peri toneum.

bIncludes one Ranch Hand vith a suspected secondary malignant neoplasm of

lung.

CNot specified as primary or secondary.

d Suspected as either Hodgkins disease, leukemia, or lymphoma.

1
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There is ne parallel table for suspected malignant systumic neoplasms since
* the five Comparisons with suspected c'nditions in Table 10-9 are Original

Comparisons.

Uadjusted Analyses

ks shown in Table 10-10, the unadjusted group contrast tor all verified
ma~ignant systemic neoplasms was not significant (p.0.6C3), with an estimated
relative risk of 1.46 (95Z C.I.: [0.53,4.031). When suspected malignant
ueoplasms were included with the verified malignancies, the estimated
relative risk was 1.28 (95% C.I.: [0.57,2.051), and was also not significant
:p-0.680). A parallel unadjusted analys.s for Ranch Hands versus Original
Comparisons eave similar nonsignificant results (Appendix Table H-10).

Covariates

The covariates considered for the adjusted analysis of all interval
walignant systemic neoplasms combined were age, race, occupation, smoking and
drinking history, exposure to the groups of carcinogens, exposure to the
indivL,'ial carcinogens, and the composite carcinoten expoaure variable as
listed in. TAble 10-5. Tha categories used fon age, pack-years, and Jrink-
years were the same. Age was used &s a continuous variable in the adjusted
analyses but was categorized tor ease of presentation in the report. No
Blacks haW veriiied systemic neoplasms, but in contrast to the skin cancer
cnalysis, Blacks vere retained in the analysis.

Covariate Associations

Table 10-11 summ&rizes the results of chi-square ests of association
between the incidence rate of all malignant systemic neoplasms combined and
the covariates considered for use in the adjusted analyses. Details of the
covariate relationships are given in Appendix H, Table H-11.

There was a significant increase in the incidence rate of all verified
interval malignant systemic neoplasms with increasing age (p<0.001) and a
marginally? significant difference among occupations (p.0.056). The incidence
rates for officers, enlisted flyers, and enlisted groundarew were 1.2 per-
cent, 0.5 percent, and 0.3 percent, respectively. There was a marginally
significant association with total lifetime alcohol consumption (p.0.082).
The test for differences in incidence rates among pack-year levels of smoking
was not significant (p-0.220), although an increasing trend was apparent.
Some of the occupation effect may be attributable to confounding with age.

There was a significant negative association with invecticide exposure
for verified malignant systemic neoplasms (pw0.014). Table H-11 of Appendix
H shows that there were a few significant or marginally significant positive
associations with individual carcinogens: e.g., with naphthylaaine
(p.0.050), benzidine (p.0.088), and coal tar (p.0.079). However, in many
instances the self-reported exposure frequencies were very small.
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Sacted NIhIgmt 4mftmic Nwplý in the UmAa3 Intmwal byr G 0

Stow ~ Statistic po "Rjisk (95% .L) vau

Verified Ptbor Of 8 0.8% 7 0.59 1.46 (0.53,4.0Y3) 0.603
Particfpants/X
Total %lI.~mss 12 10

Verified & Smected Nmbwe of 12 1.2% 12 0.9% 1.28 (0.57,2.85) 0.680
Participmfls/X
Total Mqplas 23 16



TAML 10-11.

Sumiay of Asuociatioas Between Incidence Rates of All Malignant
Systemic Neoplaým Cembined and the Covariates in the

eameline-Followup Interval for Combined Pcliovup
Ranch Hand and Conparison Groups

Varified Verified & Suspected

Cover le p-Value p-Value

Age <0.001 0.001

Race NS NS

Occupation NS* NS

Lifetime Cigarette Smoking NS NS

Lifetime Alcohol Consumption NS* NS

Expesure to Carcinogens/Groups
of Carcinogens:

Set 1a
Asbestos NS NS
Non-medical X Rays NS 0.049
Industrial Chemicals NS NS
Harbicides NS NS
Insecticidss 0.014 NS*
D•geeastng Chemicals NS , u

Set 2
Anthracene NS N9
Arsenic NS NS*
Benzene NS NS
Benzidene IRS* NS
Chromates NS NS
Coal Tar NS* NS
Creosote NS NS
Aainodiphenyl NS NS*
Chloromethyl Ether NS 0.023
Mustard Gas NS NS*
Naphthylanine 0.050 0.019
Cutting Oils NS NS
Trichloroethylene NS WS
Ultraviolet Light (not sun) NS NS
Vinyl Chloride NS NS

Composite Carcinogen Exposure NS NS

NS*: Borderline significant (0.05<pp0.10).

NSt Not significant (p>0.10)

Questionnaire data.

bAPHS Form 2.
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The covariate associations for verified plu% suspected malignant
systemic neoplasms were similar to those for verified only. The association
with occupation was no longer significant (p-0.193), and there was a signif-
icamt positive association with nonmedical x-ray exposure (p.0.049). There
were some significant and marginally significant positive associations with
individual carcinogens: with naphthylamine (p-0.019), chloromethyl ether
(pw0.023), arseni~c (p.0.069), mustard gas (p=O.090), and auinodiphenyl
(p=0.061) (see Appendix H, Table H-11).

The covariates used for the adjusted group contrast of the incidence
rate of all malignant systemic neoplasms were race, age (continuous),
occupation, and pack-years.

Adjusted Analyses

The adjusted relative risks for all verified and vsrified plus suspected
malignant systemic neoplasms are presented in Table 10-12. For verified
malignant systemic neoplasms, there was no significant difference between
groups (Adj. RR: 1.51, 95Z C.I.: [0.54,4.221, p-0.434). Age made a signif-
icant contribution to the adjustment (p<0.001). Parallel results for Ranch
Hands contrasted with Original Comparisons are given in Table H-12 of
Appendix H.

A significant group-by-occupation interaction was found in the adjusted
analysis of verified plus suspected malignant systemic neoplasms (p.0.027).
This was due to significantly more cases of malignant systemic neoplasms
among Ranch Hand enlisted flyers than among corresponding Comparisons (4/175
[2 verified, 2 suspected] versus 0/209, Fisher's exact test-O.042), whereas
the incidence rate for officers was lower (but not significantly) for Ranch
Haads than for the corresponding Comparisons, and equivalent for the enlisted
groundcrew (see Table U-13 of Appendix H). Age (p<0.001) and a race-by-pack-
year interaction (p.0.035) made significant contributions to the adjustment.
Comparable results were found for the contrast of Ranch Hands with the
Original Comparisons (see Tables H-12 and H-14 of Appendix H).

Lifetime (Baseline and Interval)

Data from the Baseline and follovup examinations were merged to obtain
records of the lifetime history of neoplasm incidence for those followup
participants who participated at Baseline. New participants provided life-
time information at the followup examination. Neoplasms prior to service in
Southeast Asia were excluded from all analyses. All data from the Baseline
study have been verified, but as described in the previous section, the
status of some suspected interval neoplarms remains unclear, and thus both
verified and verified plus suspected neoplasms are described and analyzed in
this section.

Table 10-13 shows that 21.3 percent (216/?,016) of Ranch Hands and
16.2 percent (209/1,293) of Comparisons had skin or systemic neoplasms of
some type (malignant, benign, and uncertain). The group difference In
incidence rates was significant (p.0.002), with an estimated relative risk of
1.40 (952 C.I.: [1.13,1.73]). When suspected neoplasms were included, the
contrast was less marked (22.7% [2311 of Ranch Hands versus 19.3% [249] of
Comparisons) but still statistically significant (p.0.044 ), witn an gstimated
relative risk of 1.23 (952 C.I;: [1.01,1.51]).
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TABMA 10-12.

Adjusted Analyses of Followup ;articipants for the
incidence of All Nalignaiti Systemic feoplasms During the

Baseline-.Followp Interval

Adj. Relative
Variable Risk (95Z C.I.) p-V'alue Covariate Remarks

Malignant Systemic 1.51 (0.54,4.22) 0.434 AGE' (p<O.O01)
Neoplasms
(Verified)

Malignant Systemic GRP*OCC (p=0.027)
Heoplasums AGE (p<0.O01)
(Verified & Suspected) RACE*PACKYR (p=0.035)

****Group-by-covariate interaction--adjusted relative risk, confidence
Interval, and p-,,alue not presented.
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T*lZ 10-13.

,iztted hwirm of DMUCKV ikrtiCI4 tq viek Ufamt
amuen of Veifie Shapeted rbq1 by Gop

Nwpbm Behvior

Site and Statu Nbser** NPercent mbwtr** P mt Tbtal** p-Vdnwh**

Skn mdipmt
Verified 66 6.5 66 5.1 132 0.175
Vrified an Smpected 75 7.4 85 6.6 160 0.458

Verified 84 8.3 79 6.1 163 0.049
Verified and ampected 86 8.5 85 6.6 171 0.093

bertain Behavior
all tumwp fied
Nature:
Verified 0.1 1 0.1 2 0.999
Verified and &S memted 1 0.1 1 0.1 2 0.999

ATW Skin H a

Verified 150 14.8 140 10.8 290 0.0Cc
Verified and Sispected 159 15.7 165 12.8 32A 0.053

Sytemic Hdigtnt
Verified 17 1.7 17 1.3 34 0.491
Verified and aupected 21 2.1 22 1.7 43 0.538

Verified 51 5.0 64 5.0 115 0.999Verified and SWspeted 57 5.6 75 5.8 M3 0.857

Uimtain Belaior
ad Umpeified
Wattwe:
Verified 15 1.5 14 1.1 29 0.453
Verified ald Sunpected 15 1.5 18 1.4 33 0.862

A%, Sytudc Niopm"
Verified 81 8.0 87 6.7 166 0.259
V•Jrifed and Susm.ted 91 9.0 106? 197 0.548

All filimmEtI Belpig,
thcertain. BeheviorA
Lbspecdfied Nature"
Verified 216 21.3 209 16.2 425 0.002
Verified and uspected 231 22.7 249 19.3 480 0.044

*Staple sizes: 1,016 Ranch luxls, 1,293 Coq i w.
*4brbw of pazticipents.

***Fistwr's exct test.
:Participant has am or more mbromt, benign, or umpecified s.in rnspbm.
Participint has orn or malipwet, benign, or urecified systemc

CParticipant has one cr nve m1igwmt or 1uii siln or wyatevic rmpamm.
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Table B-15 of Appendix B is parallel to Table 10-13 for Ranch Hands and
Original Comparisons only.

Lifetime Skin Neoplasm.

As seen in Table 10-13, 69.4 percent (150/216) of Ranch Hands with
neoplasms had skin cancer; the corresponding percentage for Couparisons was
67.0 percent (140/209). The group difference in these proportions was not
significant (p0.604). This contrast, when suspected neoplasms were
included, yas 68.8 percent (159/231) versus 66.3 percent (165/249), which
again was not signif4 cant (p.0.560).

The overall pererentage of Black and nonblack Ranch Hands with verified
lifetime skin neoplasms of any type was 14.8 percent (150/1,016), versus
10.8 percent (140/1,293) for Comparisons. No Black follovup participants had
ever had skin neoplasms, nor did any Baseline Black participants. -The over-
all percentage of nonblack Ranch Hands with skin neoplasms of any type was
15.7 percent (150/956) and was significantly (p=0.006) greater than that of
the Comparisons with 11.6 peccent (140/1,210). The estimated relative risk
vas 1.42 951 C.I.: [1.11,1.82]). Vhen both verified and suspected neoplasms
were in the analysis, the contrast was marginally significant (puO.060):
Ranch Bon•da 16.6 percent (159/956) versus Comparisons with 13.6 percent
(165/1,210) (Estimated RR: 1.26, 95X C.I.: [1.00,1.601).

'or the remainder of this subsection, only malignant skin neoplasms are
examined. Furthermore, the analysis was restricted to nonblacks.

The dependent variables exsmined were the same as those of the previous
section (basal cell carcinoma, melanovA, squamous cell carcinoma, all malig-
nant skin neoplasms combined and srn exposure-related skin malignancies).

Lifetime Malignant Skin Nvavmla

Table 10-14 presants the unadjusted analyses of the frequencies of
nonblack participants in each group with lifetime occurrences of basal cell
carcinoma, squamous cell carcinoma, melanoma, all malignant skin neoplasms,
and the sun exposure-related skin malignancies. For completeness, the total
number of malignancies of each type is also given. Table B-16 of Appendix H
presents parallel analyses for Ranch Hands and Original Coaparisons.

UmLdjus ted Analyses

There yva a higher relative frequency (5.51) of Ranch Bands who had
basal cell carcinomas than of Comparisons (4.12), but the difference was not
significant (p.0.128). The estimated relative risk was 1.36 (95% C.I.:
[0.92,2.02]). Vith the inclusion of suspected basal cell carcinoma, the
estimated relative risk was also not significant (pý0.579).

Of the 53 Ranch Hands with verified basal cell carcinomas, 17 (32.1%)
had 2 or more occurrences. The corresponding numaer for the Comparisons was
14/50 (28.01). The group contrast of the percentages with multiple basal
cell carcinomas versus no basal cell carcinomas was not significant (17/920
versus 14/1,174, p-0.274), nor. was the corresponding contrast vhen suspected
basal cell carcinomas were included (19/916 versus 16/1,159, p-0. 2 34).
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The frequencies of participants who had squamous cell carcinoma were
* very small: 4 Ranch Hands (0.4%) and 6 Comparisons (0.5%). The estimated

relative risk vas 0.84 (95% C.I : [0.24,3.00]), and the contrast was far from
significant (p-0. 9 99). Inclusion of suspected squamous cell carcinoma did
not change this finding.

the frequency of Ranch Hands who had melanoma, 5 (0.5%), was slightly
greater than that of the Comparisons, 5 (0.42), but the contrast was not
significant (p-0.757); the estimated relative risk was 1.27 (952 C.I.:
[0.37,4.391). Inclusion of suspected melanoh• inverted the relative risk to
0.79, which was again not significant. This analysis had little power due to
small frequencies.

For sun exposure-related skin malignancies, there was a higher percent-
age of Ranch Hands than Comparisons (6.22 versus 4.6%), but the contrast was
only of borderline significance (paO.100); the estimated relative risk was
1.38 (95% C.I.: [0.95,2.02]). When suspected sun exposure-related skin
malignancies were included, the group difference was not significant
(p-0.537), with estimated relative risk 1.12 (952 C.I.: [0.79,1.581).

As in the previous section, adjusted analyses were only carried out for
basal cell carcinoma and the sun exposure-related skin malignancies.

Covariates

The same covariates as for the interval analysis (Table 10-5) were
consilered for the adjusted analysis of the lifetime incidence rates of basal
cell carcinoma and sun exposure-related skin malignancies: age, occupation,
history of cigarette smoking and alcohol consumption, the same host factors
and average latitude, and exposure to the same recognized carcinogens. The
covariates used for the adjusted analyses were the same as in the interval
analysis, namely age, occupation, sun reaction index, average lifetime
residential latitude, and skin color.

Covariate Associations

Table 10-15 presents c'tails of the associations between the incidence
rate of basal cell carcinoma and the following covariates: age; occupation;
pack-years of smoking, lifetime drink-years; ethnic background, hair color,
skin color, eye color; skin-reaction-to-sun variables, sun-reaction index;
average residential latitude, and exposure to individual carcinogens and
groups of carcinogens.

For t'e incidence of verified basal cell carcinoma, the same asso-
ciations were found as in the interval analysis, namely, an increasing
incidence rate with increa3ing age (p<0.O01), P significant difference among
occupations (p-.017; officars 6.42, enlisted flyers 4.2%, enlistad ground-
crew 3.6Z), and significant associations with average lifetime residential
latitude (p-0.0 2 6), all the skin-reaction-to-sun variables (p<0.O01 for all),
the sun-reaction index (p<O.001), and increasing total pack-years (p-0.024).
There was evidence of a higher incidence rate of basal cell carcinomas among
the heavy drinkers, although the test for the difference among drinking
categories was not significant.
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Thare was a significant (p<O.O(l) association with the su;-reaction
* index. Participantd with the most sensitive skin had a somewhat lover rate

(6.9%) of verified basal cell carcinoma lifetime than the participunts in the
next most sensitive categor', (9.0X), although the difference was not as
marked as in the Baseline-follovup interval. However, the rate for those who
tanned easily was such lower (3.3X) than for those who did not. A marginally
significant positive association was found with self-reported exposure to
non-sun ultraviolet light (p.0.055).

The results were similar for the verified plus suspected basal cell
carcinomas. There was a significant (pO.016 ) difference among ethnic back-
grounds, with participants with Celtic or Bnglish backgrounds having higher
incidence rates than those with other backgrounds. Further, there were
marginally significant positive associations in incidence rates with non-
medical x-ray exposure (p-0.060) and arsenic (p.0.084), a rz.ognized skin
carcinogen, but the association with ultraviolet light var .aot zignificant.

The details of sisociations between the incidence rates of verified and
suspected sun expos%'ce-related skin malignancies and the covarlates are given
in Appendix H, Table 8-17. The significant covariates for verified condi-
tions were age (p<0.OOl), occupation (p.O.009), total pack-years (p-0. 0 21),
average latit.de (p.0.026), and sun-reaction index (p<0.O01). The ame
pattern held for verified plus suspected sun exposure-related skin malig-
nancies. There was a marginally significant positive association with
ultraviolet light exposure (p.0.0 7 8) for the verified conditions only, and
with herbicide exposure (p-0.076) for the verified plus suspected conditions.

The covariates chosen for the adjusted analysis were ago, occupation,
skin color, average lifetime residential latitude and the sun-reaction index.

Adjusted Analysis

The results of adjusted analyses of group contrasts for lifetime skin
malignancies are given in Table 10-16. There was significant evidence of a
higher incidence rate of verified basal cell carcinoma in the Ranch Hand
group as contrasted with the Comparisons (p-O.035). The adjusted relative
risk was 1.56 (95% C.I.: [1.03,2.371). A sun-reaction index-by-average
latitude interaction (p=0.026), a skin color-by-sun-reaction index inter-
action (p<C.001), and an occupation-by-age interaction (p-O.047) made signif-
icant contributions to the model. The adjustment by average residential
latitude, which is greater for Ranch Hands than Comparisons, contributed to a
higher relative risk resulting from the adjusted analysis than from thq
unadjusted (see Table 10-14). Vhen suspected ba.al cell carcinomas were
included in the analysis, a significant group-by-sun-reaction index
interaction (p-0.040) vwa found. Age (p<0.OO1), a skin color-by-average
residential latitude (p.0.024), and a skin color-by-sun-reaction index
interaction (p<0.001) made significAnt contributions to the adjustment. This
was due to a significant increase in basal cell carcinoma incidence for Ranch
Hands with an intermediate skin reaction to sun over similar Comparisons
(Adj. RR: 1.97, 95% C.I.: 11.04,3.731, p-0.038) (Appendix H, Table H-18).

Similar results were found in the contrast of Ranch Hand versus Original
Comparisons (Table H-19). Namely, for verified basal cell carcinoma, and for
verified plus suspected basal cell carcinomas, significant group-by-sun-
reaction indtx Interactions were found (p.0-010 and p-0.003, respectively
(see Table H-20 for additional detalls on the interactions]).
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TABIU 10-16.

Adjusted Analyses of Noublack Follovup P-irtlc•lnts for
Lifetime Na]ignant Skin Neoplaom Incidence

Adj. Relative
Variable Statu, "tsk (95% C.I.) p-Value Covartate Remarks

Basal Call Verified 1.56 (1.03,2.37) 0.035 SKIN*SUNRBAC (p<O.O01)
Carcinoma OCC*AGE (poO.047)

SUNREAC*LAT (pO.026)

Verified & **** AGE (p<0.OOl)
Suspected GRP*SUNRBAC (p-0. 0 40)

SI.N*LAT (p. 0 . 0 2 4 )
SKIN*SUNREjC (P<0.001)

Malignant Verified 1.54 (1.04,2.29) 0.030 AGE (p(O.OO1)
Sun-Exposure SKIN*LAT (p. 0 . 0 1 6 )
Skin Neoplasms SKIN*SUNRBAC (p<0.001)

Verified & 1.23 (0.86,1.77) 0.252 AGE (p<0.001)
Suspec ted SKIN*LAT (p.0.013)

SKIN*SUNRZAC (p<O.001)

****Group-by-covariate interaction--adjusted relative risk, confidence interval,
and p-value not presented.

1
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As shown in Table 10-16, there was a significantly higher Incidence rate
* of sun exposure-related skin maiignancies among Ranch Sands as contrasted

vith Conparisons (Adj. RRs 1.54, 95Z C.I.: (1.04,2.291, p-0.030). Signif-
icpjt contributions vere noted for age (p<0.001), a skin color-by-sun.-
reaction index interaction (p<0.001), and an average latitude-by-skin color
interaction (p.0.0i6). Wh.n suspected sun exposure-related skin .alig-
"n-.ncfas yore included in the inalysis, the adjusted relative risk became 1.23
(95% C.I.: [(.86,1.771) and P< no longer significent (p-0.252). Age
(p<O.001). a skin color-by-sua-reaction index interaction (p<0.OO1), and
average lstitude-by-s.Jn color interaction (p.0.013) contributed signif-
icantly to the adjustment. When Ranch Hands vere contrasted to Original
Comparsons, sign~f.1 nt group-by-sun reaction index interactions were found
for verified, and verified plus suspected, sun-exposure related skin
neoplasms (pu0.045,p=0.016, respectively). These interactions were due to
significant relative risks for those participants with internediate reactions
of skin to sun, as was also found for basal cell carcinomas only (see
Appendix Tables 0-19 and H-20 for detaiis).

Lifetime Systemic Neoplasm."

Table 10-13 shovs that 81 (8.02) Ranch Hands and 87 (6.7Z) Comparisons
had a verified history of systemic neoplasms of any type (malignant, benign,
or uncertain). The estimated relative risk was 1.20 (95% C.I.: 10.88,1.651),
and was not significant (p.0.259). With the inclusion of suspected systemic
neoplasms, the frequencies were 9.0 percent (91/1,016) for Ranch Hands and
8.2 percent (106/1,293) for Comparisons, with an estimated relative risk of
1.10 (95Z C.I.: [0.82,1.481), and the contrast was also not significent
(p.0.548).

For Ranch Hands with systemic neoplasms of any type, the percenttge with
malignant neoplesms was 21.0 percent (17/81) and the corresponding rate for
Comparisons was 19.5 percent (17/87), a nonsignificant group difference
(pm0.849). Including suspected systemic malignancies, these frequencies were
23.1 percent (21/91) for Ranch Hands and 20.8 percent (72/106) for
Comparisons. Again, the group difference vas not significant (p-0.731.),

For the remainder of this section, only malignant systemic neoplasms are
discussed.

Lifetime Malignant Systemic Neoplasms

Table 10-17 presents the frequencies of verified lifetime malignant
systemic neoplasms by site. Three Ranch Hands versus no Cooparison'; had
malignant necplarms of the oral cavity and pharynx; these occurred at ages
45, 52. and 57. The group difference in iridence rate was margiiially
significant (p.0.085). No Ranch Hands but 5 Comparisons had malignant
neoplasms of the colon; the group difference in incidence rate was also
marginally significant (p.0.072). Three Ranch Hands but no Comparisons had
testicular malignancies, but the group difference in incidence rates was onl,
marginally significant (p.0.085). These occt-rred at ages 35, 38, and 54.
The suspected ma'..' nant neoplasms are listed in Table 10-9. Table B-21 of
Appendix H gives - list of verified lifetime malignant systemic neoplasms for
Ranch Hands and Original Comparisons.
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TAKR 10-L7.

Sumnay i,& .7:11n--9 tarttetpto With 3 if4ttmo
Incidence of Verified Ylligtmat Syvitl n.t.,,i, by Group

Group

Site Ranch land Comparison Total

Eye 1 0 1

Oral Cavity and Pharynx 3 & b 0 3

Larynx 0 1 1

Thyroid Gland 0 2 2

Esophagus 0 Ic 1

Bronchus and Lung 2 0 1

Colon 0 5 '" 5

Kidney and Bl2dder 4 3 7

Prostate 2 2 4

Testicles 3 0 3

Connective and Other
Soft Tissue 1 1 2

Hodgkin's Disaase 0 1 1

11l-)eftned Sites 1' 1' 2

Total 17 17 34

"aIncludes one Panch Hand vtth separate malignancies of tongue and epiglottts

and also malignant neoplasm of bone.
b Includes one Ranch Hand vith separate malignant neoplasms of tongue and

oropharynx and secondary malignant neoplasm of other site.

CAlso has malignant neoplasm of bone.

lncudes one Comparison vith secondary malignant neoplasms of liver and bone
and bone *arrov.

*Includes one Comparison vtth secondary malignant neoplasm of liver.

Mealignant neoplaum of thorax.

'Malignant neoplasm of face, head, or neck.
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One Ranch Hand and oue Comparison hed neoplasms of connective and other
* soft tissue. The Compariron had a fibrosarcoma at age 28 (reported at

Baseline) and the Ranch Hand pavti.-ipant nad malignant fibrous histiocytoma
at age 63 (reported at foflovup). Both of these conditions are classified as
soft tissue ?arcoma.

Sinie soft tissue sarcoma anA malignant neoplasms ot the lymphatic
system are of concern in this study, the occ:urrences of these malignancies
are shown by group in Table 10-18. The occurrences of these fcur malig.-
nancies are too small to suppurt further statistical analysis.

TABLE 10-18.

Summary of Follovup Participants with Lifetime
Soft TiMac* Sarcoma, Leukemia or Lyaphoma by Group

Group

Site Ranch Hand Comparison

Verified Soft Tissue 1 1
Sarcoma

Verified Hodgkin's 0 1
Disease

Suspected Leukemia, 1 0
Hodgkin's Disease, or
non-Hodgkin' 2 Lymphoma

UMadjusted Analysis

Table 10-19 shows the reslts of unadjusted analyses of the frequencies
of participants in each group with verified or verified plus suspected
malignant systemic neoplasms combined. The estimated relative risk for all
malignant systemic neoplasms was 1.28 (95Z C.I.: 0.65,2.51) and was not
significant (p.0.4 9 1). With the inclusion of suspected malignant neoplasms,
the estimated relative risk vas 1.22 (95% C.I.: 0.67,2.23) and was also not
significant (p.0.538). Similar nonsignificant results were found for Ranch
Hands contrasted with Original Comparisons (see Table H-22 of Appendix H).

Covariates

The same covariates used for the interval history of malignant systemic
neoplasms were used for the adjusted analysis of lifetime malignant systemic
neoplasms, namely, age, race, occupation, history of cigarette smoking and
alcohol consumption, and exposure to carcinogens. Total smoking and alcohol
consumption were estimated up to the follovup examination, and may be
different if estimated only up to the year of diagnosis of a neoplasm (if
any). Further, age at follovup rather than age at diagnosis was used in the
analysis.
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TEi 10-19.

tku4jwtsl kuNyIPM of Lifetime Indim1k tm

oi An IYlipuit *jstmic Nw~odls Ovd ty GmVs

Rit. W1ative
Status Statistic HRL* (95% C.I.) p-4am

Rnbsr of
Verified Par dipsnts/% 17 1.7% 17 1.3% 1.28 (0.65, 2.51) 0.491

Total Nmoplasus 25 22

Nmer of
Verified & Suspected Pakrticiprts/X 21 2.1X 22 1.72 1.22 (0.67,2.23) 0.538

Total Neoplm 36 27

Covariate Associations

Associations between the incidenee rate of all malignant systemic
neoplasms combined and the covariates are presented in Table 10-20. For
verified malignant systemic neoplasms, strong associations were found with
increasing age (p<0.001) and occupation (officers 2.3%, enlisted flyers 1.3Z,
and enlisted groundcrev 0.9%, p- 0 . 0 2 8 ). These same associations were also
found for verified plus suspected systemic malignancies. The association
with smoking history was not significant, either for verified or for verified
plus suspected malignancies. The incidence rate of all malignant systemic
neoplasms increased marginally significantly (p.0.073) with increasing levels 4
of total lifetime alcohol consumption. For verified plus suspected malig-
nancies, the difference among drink-year categories was also marginally
significant (p0.080). No sIgnificant association was found with the
composite carcinogen exposure variable. A significanlt association was found
betwean the incidence of verified malignant systemic neoplasms and naphthyl-
amine (p.0.048). There was a significant positive association between the
verified plus suspected conditions and naphthylamine (p-.0019), and a
marginally significant association with chloromethyl ether (p.0.067).

The covariates used for the adjusted analysis of the incidence of
malignant systemic neoplasms were race, age (continuous), occupation,
pack-yeirs, drink-years, and the composite carcinogen-exposure variable.

Adjusted Analysis

Table 10-21 shows that, in the adjusted analysis of the group contrast
in incidence of all systemic malignancies combined, there was a significant
group-by-occupation interaction (p.0.023). This was due to a difference in
rates foz the enlisted flyers, 5 Ranch Hands.versus 0 Comparisons (unadjusted
p-value=0.019), whereas the incidence rates for officers and enlisted
groundcrew did not differ significantly between groups (po0.698 and 0.922,
respectively) (Table H-23). Age made a significant contribution to the
adjustment. When suspected systemic malignancies were combined with the
verified systemic malignancies, a group-by-occupation interaction (p-0.002)

1
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TAMS, 10-21.

Adjusted Analyses for Lifetime Incidence of All
Nalignmat Systemic Peopltms Combined

Adj. Relative
Variable Pisk (95X C.I.) p-Value CovariatQ Remarks

Systemic G*P*OCC (p-O.0 2 3)
Malignanciesi ACE (p<0.001)
(Verified)

Systemic malignancies GRP*OCC (p0.0O02)
(Verified & Suspected) AGE (p<0.001)

RACZ*PACKYR (pO.032)

****Gxqup-by-covariate interaction--adjusted relative risk, confidence
interval, and p-value not presented.

van also found; this was also due to the high rates for the Ranch Hared
enlisted flyers.

.Compisom of Baseline, Iaterval, and Lifetime Reumlts

Table 10-22 compares the unadjusted and adjusted contrasts from the
Baseline report with those from the Baseline-follovup interval and the whole
post-SME period, for the incidence of all verified malignant skin neoplasms
combined, verifi.d bacal eel'. carcinomas, and all verified malignant systemic
neoplasms combined. There were, of course, differences in the Baseline and
followup cohorts, but there was a sufficiently large overlap to make such a
comparative tabulation useful.

Naligamt Skin Neoplasms

The 4gnificant relative riskp for all malignant skin neoplasms seen at
Baseline were not evident for the "A.seline-followup interval. However, for
lifetime basal cell carcinoma, a significant adjusted group contr'st was
found (p.0.035). The difference in the incidence rates of all skin neoplasms
and in basal cell carcinomas only between the Ranch Hands and the Comparisons
appears to have decreased over time, as evidenced by the fact that the
interval estimated and adjusted relative risks vere closer tq 1 than those
for the lifetime, i.e., interval plus Baseline period.

Mialignamt Systemic neoplasm

The uradjusted Szoup contrasts in incidence rates of all malignant
systemic neoplasmas combined were rot significant for Baseline, for the
Baseline-follovup interval, or for lifetime (Baseline plus interval), nor was
the adjusted group contrast for the Baseline-follovup interval. The
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a ud31 342 29 3.09 53 51
mzs 21 1.71 3D 2.2 5D 4.1%

not. tap.*Jlue 1.7 (-047 1.3 0.29 1.36S (0.IM)35

All IMlUwmt Nube of Ph'idipumts
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estimated lifetime relat:ve risk appears closer to 1 than for the two
intervals separasely, but the small number of occurrences and intervening
mortality preclude more definitive statements.

Baseline Participants

This brief section summarizes the mortality and malignant neoplasm
histozy of the fully comrllian Baseline participants In the interval up to
the follovup examination. Mortality information up krt,-gh tho enO of 1985
"!?as considered. This discussion is directed to the question of whether
competinj "i:t&al.zy L..fected tht preceding snalvils of incident cancers among
li•inS participants.

Of the 1,045 Ranch Bands and 1,224 Comparisons who were fully compliant
at Baseline, 971 Ranch Hands and 1,139 Comparisons returned to the follovup
examination. Table 10-23 presents the numbers of Baseline participants
according to vhet: r they completed the follovup examination and whether they
were alive at the end of 1985.

TABL3 10-23.

Fully Compliant Baseline Participants by
Status at Follovup •amluation and Group

S Participated in Group
Pollovup

Zxamination Status Ranch Hand Comparison Total

Yes Dead 3 2 5
Alive 968 1,137 2,105

No Dead 9 15 24

Alive 65 70 135

Total 1,045 1,224 2,269

"aDied in 1985, but subsequent to participation in the examination.

For the participants who did not return for the follovup examination,
Table 10-24 shows that 2 of the 9 deaths among Ranch Hands were due to
malignant neoplasms, compared with 5 of the 15 deaths among the Comparisons.
One Ranch dend who died had a malignant skin neoplasm, but this was not the
primary cause of death. Among the 65 Ranch Hands who did not return for the
followup examination, 5 had verified malignant neoplasms at Baseline,
including 1 systemic neoplasm (of the kidney), as contrasted with 2 among
70 Comparisons who had verified malignant (skin) neoplasms. Thus, among the
74 Ranch Hands not returning for follovup, there were 8 vith incident or
fatal neoplasms, as compared to 7 of 85 Comparis.ons; the group difference was

* not significant (p-0.788).
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TANJl 10-24.

Fuly Comliant f•selive Participants
Vho Did Not Participate in Pollovup Rhamijation

by Status and Group

Group

Status Ranch Hand Comparison Total

Dead--Primary

Cause of Death:

Malignant f.toplasm 2a 5b 7

Otier Causes 7G 10 17

Lout to Follovup:

Verified Naligrnt Neoplasm
at baseline 5' 27

No Malignant Neoplasm
at Baseline 60 68 128

"aBoth vith lung cancer.

bThree vith lung cancer, one vith malignant neoplasm of intestine (location

unspecified), one vith malignant neoplasm of an ill-defined site (face, head,
or neck).

Includes one Ranch Hand vith malignant skin neoplasm.

eFour with malignant skin neoplasms, one vith malignant systemic neoplasm
(kidney).

"Tvo vith malignant skin neoplasms.
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For the participants who did return for the follovup examination, Table
* 10-25 gives the frequencies and percentages of the respective group totals

according to neoplasm status at Baseline and at follovup. Analysis shoved
that there was no significant group difference (p.0.115) in the pattern of
neoplasm incidence at Baseline and/or at follovup.

The results of this section show approximate equivalence between the
groups for the disease of cancar (fatal or nonfatal) since Baseline, and in
the proportions of participants with malignancies at Baseline, follovup, or
both.

XMSURZ I AALYSES

Unadjusted and adjusted exposure index analyses yore conducted vithin
each occupational cohort of the Ranch Band group (see Chapter 8 for details
on the exposure index). Interval and lifetime occurrences of basal cell
carcinomas, sun-exposure related malignant skin neoplasms, and malignant
systemic neoplasms were examined. As vas done in the core analyses, verified
conditions and verified plus suspected malignancies were each investigated.
Blacks were excluded from all malignant skin neoplasm analyses. Group
contrasts in incidence rates of malignant skin neoplasms were adjusted for
the covariates of age, sun reaction index, and average residentiai latitude.
Adjusted analyses for malignant systemic neoplasms accounted for the effects
of age and race.

For each dependent variable, exposure level frequencies and percentages
are presented in Appendix Tables B-26 and H-27, for interval and lifetiv-e,
respectively, along with the results of the unadjusted analyses. Pearson's
chi-square test was used to reflect overall exposure index differences, and
FL her's exact test was used to investigate medium versus low and high versus
Iov exposure level contrasts. Results of the adjusted analyses are presented
in Vibles 10-26 and 10-27, for intervl and lifetime, respectively. These
resul:s are presented in the context %.f a main effects model containing
expos.-e index, and all adjusting covariates.

Several significant or marginally significant overall results were
found. None vas suggestive of a strictly increasing dose response effect; in
fact, most shoved decreasing incidence rates with increasing exposure.

Among officers, in the unadjusted interval analysis, significant or
marginally significant results were found among nonblacks for verified and
suspected basal cell carcinomas (overall p-.0042), sun-exposure related
malignant skin neoplasms (verified: overall p-0°096, verified plus
suspected: overall p-.0021), and among Blacks and nonblacks for verified plus
suspected malignant systemic neoplasms (overall p.O.081). These findings
were primarily due to higher percentages of malignancies in the medium
exposure level than in the high or low categories for each variable (szo
Appendix Table B-26 for frequencies). The corresponding adjusted a.-ly.es
were nonsignificant for basal tell carcinoma (overall p-0.1 5 6), verifl.
sun-exposure malignancies (overall p-0.272), and systemic malignant neoplasms
(overall pa0.109). The adjusted results were marginally significant for
verified plus suspected sun-exposure malignancies (overall p=0.095).
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TABLE 10-25.

Fully Compliant Baseline Participants Also
in Follovup Rcaminatinn by Malignant Neoplasm Status

Group

Helignant Neoplasm Malignant Neoplasm Ranch Hand Comparison
at Baseline at Follovup Number Percent Number Percent Total

Yes 10 1.0 15 1.3 25
Yes

No 37 3.8 28 2.5 G5

Yes 36 3.7 31 2.7 67
No

No 888a 91.5 1,065 93.5 1,953

Total 971 1,139 2,110

"Innludes three Ranch Hands and two Comparilsons who died after follovup.

I1
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For the interval analysis, enlisted flyers exhibited a marginally
significant decreasing dose-response effect for verified basal cell carci-
nomas in both the unadjusted (p.0,0 7 3) and adjusted analyses (p-O. 0 80). (All
Ranch Hand enlisted flyer interval malignant skin neoplasms vere verified
basal cell carcinomas; thus, interval results for verified and verified plus
suspected basal cell carcinoma and the corresponding sun-exposure related
neoplasms were identical. Similarly, for lifetime analyses, verified and
verified plus su'spected analyses vere the same)* The percentages of
participants with interval basal cell neoplasms vere 11.1 percent, 3.3 per-
cent, and 1.9 percent for the lov, medium, and high exposure categories,
respectively. The enlisted groundcrev exhibited a nonsignificant decreasing
dose-response effect for basal cell carcinomas and sun-exposure related
malignant neoplasms.

In the adjusted lifetime analysis for enlisted flyers (Table 10-27),
there vere significant findings, similar to the interval analysis, namely a
decreasing dose-response effect for basal cell carcinomas (overall p-0.024;
Adj. RR [medium versus lov]w 0.23, 95Z C.I.: [0.03, 1.61], Adj. RR [high
versus lov]: 0.08, 95Z C.I.: [0.01, 0.781), and for sun-exposure related skin
malignancies (overall p-0.045; Adj. RR [medium versus lov]: 0.42, 95% C.I.:
[0.08, 2.191, Adj. RR [high versus lov]: 0.09, 95% C.I.: [0.01, 0.891). The
percentages of participants vith lifetime basal cell carcinomas vere
13.0 percent, 3.3 percent, and 1.9 percent for the lov, medium, and high
exposure categories, respectively. The corresponding percentages for life-
time sun-exposure related skin malignancies vere 13.0 percent, 4.9 percent,
and 1.9 percent. For the enlisted groundcrev cohort, a marginally signif-
icant result was found for all systemic malignancies combined in the adjusted
analyses (verified only: overall p-0.073; verified plus suspected: overall

* p-0.087). Of the four verified systemic malignancies, three vere in the
medium exposure category and one wan from the high category. There was one
additional suspected malignant neoplasm in the high exposure category. No
significant results vere found for officers in the lifetime analysis.

DISCUSSION

The statistical analyses of cancer endpoints in this chapter have
carefully folloved the prescribed boundaries of the SAIC analytic plan
approved by the Air Force. Specific latency analyses of certain cancers
associated with environmental exposures vere not performed, nor were
contrasts of cancer-specific incidence rates to SEER data judged appropriate.
Further, embedded case control studies on selected cancers were not performed
due to concern for bias.

The statistical analyses focused on neoplasms occurring during the time
interval between 1982 and 1985 (Baseline to follovup). Hovever, because
these relatively young and healthy cohorts yielded small numbers of cancers
in this short interval, and because of the intense scientific interest in
malignant disease, the analysis vent beyond the assessment of the incidence
of malignant neoplasms in this interval. Lifetime (Baseline and follovup
data combined) analyses of malignant incident neoplasms were conducted.
Cancers occurring prior to military duty in SEA were excluded. A full cancer
mortality-morbidity analysis was not attempted but simple tabulations of
cancer incidence and mortality of Baseline participants were made. Interval
and lifetime analyses were expanded to include suspected cancers noted at
follovup. Further, grouped cancers that vere not likely related vere
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analyzed (all systemic cancers and malignant sun exposure-related skin
neoplasms). These efforts, hoever, have introduced several subtle
interpretive issues that should be noted, e.g., skin cancer rates are for
nonblacks only, whereas systemic cancer rates are for all races; lifetime
group rates are on only those attending the follovup examination; and
verified and suspected cancer categories included more cases but the data are
less reliable. Further, contrasts of cancer rates, particularly skin cancer,
betveen the Baseline results and follovup results, or lifeti;Ae results, must
account for the slight differences in the Baseline and followun cohorts,
racial adjustment (Blacks were not omitted from skin caicer analyses at
Baseline), skin cancer classification, the change in focus from the Original
Comparisons to the total Comparison group, and whether the data were adjusted
for covariates.

Skin Cancer

The emphasis on skin cancer at the followup examination was predicated
upon the finding of a significant excess of such cancers at the Baseline
examination, and the lack of risk factor data to conduct appropriate adjusted
analyses. Because of shifting factors (cited above) betveen the exami-
nations, a "direct look" at the skin cancer association is not straight-
forvard. Figure 10-1 Is presented as an aid to clarify the skin cancer
observations over the tvo examinations.

This diagram compares the Baseline and follovup analyses. So that the
unadjusted Baseline results could be contrasted to the follovup results, the
estimated relative risk of basal cell carcinoma among nonblack Ranch Hands
versus all nonbllck Comparisons (not just Originals) was calculated, using
data in the Baseline Report. This unadjusted analysis gave a significant
relative risk of 1.77 (p-m0.049). These results could then be directly
contrasted to the unadjusted follovup results, vhich shoved a narroving of
group differences over the 3-year interval (Est. RR: 1.23, p.0.429). (It is
noted that this contrast compares skin cancer rates of approximately 23 years
to 3 years at different levels of age risk.) The adjusted analysis revealed
a significant group-by-occupation interaction, due to a significantly higher
rate of basal cell carcinomas among Ranch Hand enlisted flyers than the
corresponding Comparisons (Adj. RR: 6.50, p.0.019), but very similar rates in
the two groups for officers and enlisted groundcrev were seen.

The Baseline data vere carefully merged (to avoid duplicate counts) with
the follovup data to assess the total lifetime incidence of basal cell carci-
nomas betieen groups. The addition of the nonsignificant follovup results to
the significant Baseline results produced a nonsignificant lifetime assess
ment (Est. RR: 1.36, p-0.128), as expected. However, when the lifetime data
were adjusted for covariate effects, a significant result emerged (Adj. RR:
1.56, p-0.035), with Ranch Hands having a significant excess of lifetime
basal cell carcinoma. A careful examination of the covariates shoved that
the variable of average residential lifetime latitude was most likely
responsible for the significant adjusted results. The latitude variable was
a significant confounding variable since it was associated vith basal cell
carcinomas and with average lifetime latitude which varied significantly by
group.
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Because of the significant confounding effect of the latitude variable,
it vas eraained closely for misclassification or bias. An initial reviev of
the residential history forms shoved occasional discrepancies hetvwen total.
residential years and chronologic age. This vas generally due to sporadic
underreporting, and to the data collection instructions vhich required the
citation only of residences of one year or longer. Hovever, analyses showed
fairly good concordance betveen reported residential years and chronologic
age. No significant group difference vas found for the 1naccuracy of resi-
dential reporting (p-0.684), validating the use of all residential histories
even though some vera slightly imprecise.

In the course of revieving the covariate effects on basal cell carci-
noma, the data suggested some unexpected associations. To sharpen these
contrasts, adjusted risks vere estimated at set levels .of skin reaction tt,
sun, skin color, average lifetime residential latitude, and age, relative to
the lovest cisk observed, i.e., Comparisons 40 years ,4d (at Baseline) vho
have lived on average in northern latitudes and tan easily vere erbitrarily
assigned a risk of 1.00. These computed risks are given in Table 10-28.

These results shov uniform increased risks in the Ranch fiends over both
the base level of one and the Comparisons in the same covariate strata.
Further, in all strata, ate, latitude, and skin color behave as expected.
Hovever, the sun-reaction index does not behave a expectud since thoss vho
burn easily have lover relative risks than those who %ave an intermedite
reaction to sun, although they do have higher relative risks than those vho
tan easily. This may represent avoidance of sun etxposur- or the use of
sunblock by those individuals.

Skin cancer, and particularly basal cell carcinoma, has been enphasized
in this report because of the significant group differences detected at
Baseline (and the theoretical link to TCDD causation), ind the borderline
significant adjusted results found for the lifetime ratL,&. The reat~lts of
the third-year followup analysis suggest that if group differences continue
to narrov (vhere peO.15) at the fifth-),ar follovup examination, the lifetime
results vould likely not be significant even vith full adjustment.

Systemic Cancer

The analyses of sys':emic cancer for both the interval and lifetime
periods have necessarily been limited by scant data. Cancer specific
analyses, in particular, have not provided meaningful results because of lov
counts. aovever, some variation in tumor type vas noted in the tvo groups:
colon cancer (5 Comparisons, 0 Ranch Hands), testicular cancer (3 Ranch
Bands, 0 Comparisons), and smoking related tumors of the oral cavity,
pharynx, bronchus, and lung (5 Ranch Hands, 0 Comparisons). Testicular and
stoking related tumors have not been associated vith exposure to herbicides
or TCDD. Table 10-18 cited counts of malignancies that have been associated
to herbicides and dioxin exposure. Because of the relative rareness of the
diseases soft tissue sarcoma (STS), Hodgkin's disease, and non-Hodgkin's
lymphoma, lifetime rates vere expected to be exceptionally lov.

Host of the covariate associations vith systemic cancer vere antic-
ipated, but the change in significance for smoking (significant at Baseline,
borderline significant for lifetime cancers) was not expected, particularly
as the cancer cases increased during the interval.
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All Cancers

As previously noted, the interrelatedness of many of the analyzed cancer
variables has created a compounding of statistical significance, and care
should be taken in making infnrences and final conclusions. An almost

uniform dilutional effect vas created by adding "suspected" cancers to the
analyses, as there vere more of this category in the Comparisons than in the
Ranch Hands, The use of suspected neoplasms vas deemed necessary in order to
best describe the complete cancer findings, recognizing that confirmation of
all suspected cases was difficult.

Two patterns emerged from the analyses. All relative risks exceeded the
value of one, except that of lifetime verified melanoma and verified or
verified plus suspected squamous cell carcinoma. Some of the elevated risks
vere due ,:o the relatedness of the variebles as stated, but the relative
risks for the unrelated variables skin cancer and systemic cancer both
exceeded one. The joint consideration of both yielded a significant relative
risk. The second pattern was of the group-by-covariate interactions observed
for seven of the analyses; 3 of them involved the covariate of occupation and
4 involved skin reaction to sun. The three group-by-occupation interactions
all shoved a significant detriment to the Ranch Hand enlisted flying cohort.
Further analyses of air crevmembers versus noncrevmembers revealed a signif-
icant risk of basal cell carcinoma for the Ranch Hand air crevuembers (RR:
1.94, paO.049). Since enlisted Ranch Hand flyers in the interval exhibited
more basal cell carcinomas (RR: 6.5, p=0.019) and more verified and suspected
systemic cancers (4/175 R1 with systemic neoplasms versus 0/209 Comparisons,
p-O.042), there may be more reason to assume a biologic foundation than
chance, slthough the reason is obscure. The four group-by-sun reaction index
interactions all revealed a significant or marginally significant detriment
to Ranch Hands who reacted mildly to the sun.

In full context, the cant,.er observations cannot be viewed as disturbing
at this time. The skin cancer group differences have narrowed over a 3-year
period. An additional analytic observation on skii-i cancer is that inclusion
or exclusion of only one or two cases was shovn to alter the choice of the
best statistical model, affecting the presence or absence of both covariates
and group-by-covariate interactions, and also charge the p-value of the
adjusted group difference above or below the alpha level of 0.05. For
systemic cancer, both groups are at the lover end of the expected ascending
cancer curves, where numeric and tumor type fluctuations are expected. A
recognized bench-mark for the latency of many cancers is 20 years, and this
vill not be achieved by most participants until the 5-year follovup
examinatio.i, 2 years from nov. Cancer findings at that time vill be the
basis upon which firm conclusions can be made.

SUIMARY AND CONCLUSIONS

The cancer analysis focused on cancer occurrences in the Baseline-
follovup interval, and also includa.! analyses of the Baseline plus interval
cancer history. A summary of the cancer findings is given in Table 'J-29.

No significant unadjusted differences were found between nonblack Ranch
Hands and Comparisons in the Interval (Baseline-Follovup) incidence rates of
basal cell carclnoma, melanoma, squamous cell carcinoma, all malignant skin
cancers, sun-exposure related malignant neoplasms (comprising basal cell
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TABLI 10-29.

Overall Sumary Tabli: Unad3usted and Adjusted Analysis of Interval
and Lifetime Skin and Systemic Cancer Incidence

Baseline-Pollovup Lifetime
Interval (Baseline & Follovup)

Cancer Type Unadjusted Adjusted UnadjusitedAdusted

Malignant Skin Cancer (Nonblacks only)

Verified Basal Cell Carcinoma NS NS S

Verified plus Suspected
Basal Cell Carcinoma NS NS

Verified Melanoma NS -- N S --a

Verified plus Suspected Melanoma NS - NS

Verified Squamous Cell Carcinoma NS -- 1 NS

0 Verified plus Suspected £

Squamous Cell Carcinoma NS -,- MS

Verified Sun Exposure Skin Cancers NS NS NS* S

Verified plus Suspeoted Sun
Exposure Skin Cancers NS NS MS NS

All Verified Malignant Skin Cancers NS NS

Verified plus Suspected
Malignant Skin Cancers NS -- NS

Verified Skin Cancers of Any Type NS* S

Verified plus Suspected Skin
Cancers of Any Type NS NS*
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TABLE 10-29.

Overall Sumary Table: Unadjusted and Adjusted Analysis of Interval
and Lifetime Skin and Syucemic Cancer Incidence (continued)

Baseline-Follovup Lifetime
Interval (Basellne & Follovup)

Cancer Type Unadjusted Adjusted UnadjtedAdjusted

Malignant Systemic Cancer (Blacks and Nonblacks)

Verified Systemic Cancer NS NS NS

Verified plus Suspected
Systemic Cancer NS NS

All Neoplasms (Blacks and Nonblacks)

Any Type, Any Locationh Verified NS* -- " S

NS: Not significant (p>O.lO).

****Group-by-covariate Interaction.

-- aAnalysis not done.

NS*: Borderline significant (O.05<pp.lO).

bComprises malignant, benign, uncertain behavior.

S: Significant (pp).05).

1
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carcinoma, melanoma, and epithelial neoplasms NOS) or all malignant skin
* cancers as a group. The unadjusted group contrast of all skin neoplasms

(comprising malignant and benign neoplasms, and neoplasms of uncertain
behavior or unspecified nature) was marginally significant, with a higher
rate among Ranch Hands. 'Jhen suspected malignant skin cancers (noted at
Follovup but not verified at the time of writing) were included in the
analyses with the verified conditions, all the unadjusted group contrasts
were nonsignificant.

The covariates used for the adjusted analyses of basal cell carcinoma
and the sun exposure related skin malignancies were age, occupation, skin
color, reaction of skin to sun, and average latitude. all of which were
highly associated with skin cancer incidence. Other host factors were
related to skin cancer incidence, but not as strongly as those included in
the analysis. A borderline association with smoking history was noted, and
was determined to be partly an age effect.

Analysis of the incidence of interval basal cell carcinoma revealed a
significant group-by-occupation interaction, due to a significant group
difference for enlisted flyers, but not for officees or enlisted groundcrew.
Inclusion of suspected basnl cell carcinoma resulted in a group-by-sun
reaction index intoraction. This was due to Ranch Hands with an intermediate
reaction to sun having a higher relative risk than the corresponding
Comparisons. The adjusted group contrast of the incidence rates of verified
sun-exposure related skin cancers was not significant; inclusion of suspected
conditions did not alter this lack of significance.

There was no significant group difference for Blacks and nonblacks in
S the unadjusted incidence rates of all interval verified malignant systemic

neoplasms combined, nor was there a significant difference in the adjusted
group rates. Analysis of the verified plus suspected interval systemic
cancers showed a nonsignificant unadjusted group difference, but a group by
occupation interaction was found in the adjusted analysis. This was due to a
significant group difference of verified plus suspected systemic malignancies
among the enlisted flycr3 with five occurrences among the Ranch Hands, but
none among the Comparisons. Age and a race-by-packyear interaction were
important adjusting factors.

The Baseline and Follovup data were combined for the assessment of
lifetire incidence of cancer; Qccurrences of cancer prior to Vietnam were
e•:cluded.

There were no significant unadjusted group differences in lifetime
incidence rates among nonblacks for basal cell carcinoma, melanoma, squamous
cell carcinoma, the sun exposure related skin cancers, or all malignant skin
cancers combined. The unadjusted group contrast of all lifetime skin malig-
nancies was significant, with a higher rate among Ranch Hands. Inclusion of
suspected cancers with the verified cancers reduced the difference between
the groups for all these malignant skin contrasts, except for the sun
exposure lated skin cancers, for which a marginally significant group
differenc 7as found. However, the contrast of ill Ekin malignancies
remained L 3se to significance.

Adjusted analysis of the incidence rates of lifetime basal cell
carcinoma revealed a significantly higher incidence rate among Ranch Hands
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(Adj. R: 1.56, p=0.035). Significant effects of an occupation-by-age inter-
action, a skin color-by-sun reaction index interaction, and a sun reaction
index-by-average resid•ntial latitude interaction were seen. The adjustmeut
resulted in a significant relative risk that, moreover, was higher than the
unadjusted relative risk. Average residential latitudi, associatefj with both
group and skin cancer, and skin color, which was associated with the disease
and marginally associated with group, played a major part in the change from
the unadjusted analysis due to confounding. Inclusion of suspected basal
cell carcinoma in the adjusted analysis resulted in a group by sun reaction
index interaction, as was noted for the interval analysis.

The adjusted group contrast in incidence rates of the sun-exposure
related skin cancer3 was also significant (Adj. RR: 1.54, p-0.030), which is
not surprising since the majority are basal cell carcinoma. Inclusion of the
suspected conditions resulted in a non-significant group contrast.

The unadjusted group contrasts of the incidence rates of all systemic
cancers combined were not significant, both for verified r.nd verified plus
supected tonditions.

There was one new occurrence of a soft tissue sarcoma. (Ranch Hand) and
one suspected cancer of the lyuphatic systea (Ranch Hand), in addition to the
one previously reported soft tissue sarcoma and one Hodgkin's disease in the
Comparison group.

Adjusted analysis of all lifetime malignant systemic neoplasms as a
group, however, revealed a group by occupation interaction, due to a
significantly higher rate for Ranch Hand enlisted flyers as contrasted to
Comparisons. The same result was found for verified plus suspected systemic
cancers.

In conclusion, there were no adjusted or unadjusted differences between
groups in basal cell carcinoma incidence in the Daseline-follovip interval.
At Baseline, a significantly higher rate of basal cell carcinoma was found
for Ranch Hands when contrasted with Original Comparisons. When the Baseline
data were combined with the interval data, adjusted analysis, but not the
unadjusted analysis, revealed a significantly higher rate of basal cell
carcinoma among the Ranch Hands than among all Comparisons. The relative
risk of basal cell carcinoma appears to be declining over time.

Relative risks of basal cell carcinoma and systemic cancer were found to
be consistently larger than 1. Most of the skin cancers were basal cell
carcinomas, upon which most of the skin cancer analysis focused, thus
relative risks for sun-exposure related skin neoplasms and all malignant skin
cancers as a group were very similar to those for basal cell carcinoma. The
number of occurrences of systemic cancer was small, in part because the
cohort is relatively young, and although the relative risks (lifetime and
interval) are greater than 1, the difference between groups is not signif-
icant. Sufficient time may not have elapsed since Vietnam to enable a group
difference in systemic neoplasms, if one exists, to be apparent.

I1
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CMAPT!U 11

NUMOLOGICAL

Neurological signs and symptoms, as distinguished from overt diagnosable
neurological dis :ase, have been consistently associated with industrial
exposure to chlorophenols, phmnoxy herbicides, and TCDO. Thus, the neuro-
logical system coaprises a major examination focal point in all dioxin
morbidity studies. This teport carefully separates central and peripheral
neurological status fro& "neurobehavioral" parameters, which are discussed in
Chapter 12, fsychologicep. Assessment.

Based on animal experiments, neurotoxicity can be attriLuted to the
compounds 2,*-D and TCDD. For loy to moderate doses, both fe~tral and
peripheral acute effects occur but appear to be reversible. The effects of
2,4-D are presumably du l to disruption in the neuromuscular tcansport system
of organic acid anions. A variety ef 2,4-D experiments in several animal
species generally shows a wide range of neural pathology including electro-
encephalographic (EM) desynchronization, demyelination, myotonia, loss of
coordination, and uncontrolled motor activity. No substantive data support

* the isolated neurotoxicity of 2,4,5-T.

Numerous case reports folloving accidental human exposures or suicide
attemptsvJfh 2,4-D have shown a remarkable neurologic parallel to the animal
studies. - In particular, 2,4-D and TCDD have been Implicated in a wide
array of central neurological signs and symptoms, including headache,
vomiting, dizziness, disorientation, sleep disturbance, s'tupor, memory loss,
loss of _roiq;atjon, and RME abnormalities or alterations from a baseline
tracing.- - Peipheral abnormalities have included demyelinatioa,
acute degeneration of ganglion cells, temporary paralysis, anesthesia, hyper-
esthesia, paresthesia, neuralgic pain, numbness, tingling, muscle pain, muscle
fasciculations, depressed or absent deep tendon reflexes, vea" !1, decreased
nerve conduction velocities, "polyneuritis," and limb fatigue. These
peripheral signs and symptoms in industrial workers have received the generic
diagnostic label "neurasthenia." Both the number and severity of symptoms
tended to aggregat .ipi4ividuals with chloracne as contrasted to those
vithout chloracne.

In Stmeral, there is consistency between the various case reports of
neurasthenia and results from uncontrolled clinical studies. Of particular
relevance is the consistency in findings from studies of both industrial
manufacturing and industrial accidents. This literature provides the clei.r-
cut conclusion that neurological impairment is caused directly by exposur- to
2,4-0 and TCDD. Not ansvered satisfactorily in the literature, however, are
the issues of complete reversibilty of observed signs and symptoms and th,•
long-.term impact on health and quality of life.
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Because of the conclusive evidence that two of three Agent Orange
ingredients cause neurological "disease," it follows that significant exposure
to Agent Orange could manifest neurologic signs, symptoms, or sequelae. In
fact, over 10 percent of Vietnam veterans vho enlisted in the VA1.gent Orange
Registry cited one or more symptoms of the neurasthenic complex.

The VA Registry is a comprehensive listing, predominantly of veterans
alleging health impairments due to Agent Orange exposure. The Registry does
not purport to be a scientific effort upon which cause-and-effect relation-
ships can be established. Nonetheless, some individuals believe that the
symptom array in the VA Registry is so compatible with case reports and
numerator-oriented clinical studies that the veterans must, in fact, have
suffered adverse health effects from their Vietnam service and presumtd
exposure to Agent Orange. Others point to the intense media attention to
"Agent Orange symptoms" during the formation of the Registry, and presume that
the veterans' complaints are largely due to an "over-reporting" or compen-
sation bias.

Clearly, only well-controlled, well-conducted epidemiologic studies of
veterans known to have been exposed to Agent Orange can answer the question of
cause and effect for illnesses, including the specific question of whether
single or multiple neurologic signs and symptoms are also attributable to
these exposures.

Baseline Sumaty Results

The 1982 AFES neurological assessment consisted of questionrairs,
physical examination, and electromyo:raphic data obtained by examineics and
technicians whv were blinded to the group Identity of each participant. The
physical examination required an average of 30 minutes to co olete. Those few I
individuals v1ith positive RPR tests, a screening serological test for
syphilis, and those with peripheral edema were deleted from the statistical
analyses. Covariates of reported alcohol usage, exposure to insecticides and
industriel chemicals, and glucose intolerance (diabetes) were analysed.
Results of thi questionnaire disclosed no significant gLoup differences in
reported neurological diseases.

The physical examination did not reveal any statistically significant
group differences in the function o! all 12 cranial nerves, nor ar.y effects
due t* the covariates of alcohol or diabetes. Peripheral nerve function was
assessed by the quality of four reflexes (patellar, Achilles, biceps, and
Babinski), muscle strength/bulk, and reaction to the stimuli of pia prick,
light touch, and vibration. Other than a statistically significant increase
(p.0.03) in Ranch Band Babinski reflexes, significant group differences were
not detected. The alcohol covariate demonstrated a marginal effect (p.0.07)
on pin-prick reaction, vhile glucose intolerance showed a profound effect on
the patellar and Achilles reflexes and reactions to light touch and vibration.

Nerve conduction velocities were obtained on the ulnar nerve, above and
below the elbow, mnd the peroneal nerve by highly standardised methods. The
results for each segmental measurement were aearly identical '-a the Ranch Hand
and Comparison groups. Conduction velocity showed highly significant inverse
relationships to both alcohol (measured in drink-years) and glucose intol-
erance in almost all of the anatomic measurements. No group asocistions or
interactions were detected with the covariates of industrial and degreasing
chemicals and insecticides.
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No significant group differences were detected in four measures of
contral neurological function (tremor, finger-nose coordination, modified
positive Romberg's sign, or abnormal gait). Alcohol usage was significantly
associated vith tIt iresence of tremor, and glucose intolerance was highly
correlated to abnor,,.al balanee and the presence of tremor.

Of a total of 84 exposure index analyses on all of the dependent
variables, 3 were statisticaaly significant but were either nonlinear or
biologically implausible. In summary, the detailed neurological examination
and assessment did not reveal statistically significant increases in abnormal-
ities in the Ranch Hands, nor were consistent dose-response relationships
noted for herbicide exposure. The classical neurological effects of alcohol
ingestion and diabetes were repeatedly observed in the neurological
evaluations.

Parameters of the 1985 Neurological Assessment

The 1985 APES neurological examination deleted the measurements of nerve
conduction velocitles but othervise repeated the format of the Baseline
examination. The questionnaire maintained a historical focus of neurasthenia
via five questions for the 1982-1985 interval.

With this similarity in examination and questionnaire, the dependent
variables of the analyses were almost identical to those of the Baseline
study, hovever, the number of covariates vas slightly incrased. Diabetic
status was trichotomized" Individuals reporting a history of diabetes
(unverified) and individuals exhibiting glucose intolerance vith postprandial

* glucose levels greater than or equal to 200 mg/dl were classified as diabetic,
participants vith glucose levels of at least 140 m/dl but less than 200 mg/dl
were classified as impaired, and par.ticipants with glucose levels less than
140 mg/dl yere classified as normal. Race vas included as a covariate, and
lifetime alcohol use vas updated on the basis of enhanced information from the
1985 questionnaire.

The analyses were based on 1,016 Ranch Hands and 1,293 Comparisonsi
Individuals confirmed to be positive for syphilis by fluorescent treponemal
antibody (FTA) testing were excluded from all analyses. Individuals with
peripheral pitting or nonpitting edema vere excluded only for the analyses of
pin prick, light touch, and vibration. Numeric differences in the following
tables are due to missing dependent variables or covariate data. The
exclusions and missing covariats data are summarized in Table 11-1. The
unadjusted analyses used chi-square or Fisher's exact test for frequency table
analyses. Adjusted analyses were not performed where only sparse numbers of
abnormalities were found. Logistic regression models were used ia all
adjusted analyses. Parallel analyses using Original Comparisons can be found
in Appendix I, Tables 1-3 through 1-13.

RESULTS AND DISCUSSION

General

Detailed neurological data were obtained on all participants by standard
physical examination techniques. Four board-certified SCRF neurologists, all
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TAMIZ 11-1.

Ixclutions and Hissing Data
for Na-uological Assessmnt by Group

Group

Data Category Ranch Hand Comparison Total

Lifetime Alcohol History 39 40 79
(Drink-Years); Hissing Data

Peripheral demia 13 16 29
(Rxclusion Category for
Pin Prick, Light Touch, and
Ankle Vibration)

Diabetic Class 0 4 4
(Hissing Data)

Positive Syphilis Serology 0 1 1
(EM and FTA)
Exclusion Category

blinded to the exposure status of the participants, conducted the exami-
nations. Data were collected to assess three specific clinical areas
cranial nerve function, peripheral nerve %unction, and central nervous system
(CNS) function. The analyses in this chapter are presented in the order of
these functional areas.

The unadjusted statistical analyses presented in this chapter are
straightforward group contrasts of dichotomous (normal/abnormal) dependent
variables using Fisher's exact test. Logistic regression models for adjusted
analyses used the covariates of age (born in or after 1,942, born between 1923
and 1941, born in or before 1922),. race (Black, nonblack), occupation (OCC)
(officer, enlisted flyer, enlisted groundcrev), diabetic class (DIAB) (normal,
less than 140 mg/dl glucose; impaired, at least 140 mg/dl but less than
200 mg/dl glucose; diabetic, greater than or equal to 200 mg/dl glucose or
past diabetic history), lifetime alcohol use (DRKYR) (total drink-years:
0, greater than 0 to 50, greater than 50), and unprotected exposure to insec-
ticides (INS) (recorded as yes/no, excluding herbicide exposure). The models
are "best-fit" following a step-dovn strategy beginning vith all two-way
interactions among the six covariates. Only variables with a substantial
number of abnormalities were analyzed. Several summary indices were con-
structed for functionally related variables with low counts of abnormalities.
A summary index was created for the cranial nerve function by combining the
15 cranial nerve parameters into a single index, which was classified as
normal if all parameters vere normal. Another cranial nerve function was
created in a similar fashion, excluding neck range of notion due to the much
higher percentage of abnormalities found for this variable relative to the
other parameters. The four coordination parameters of the central nervous
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systetr vere similarly combined to form a summary index. These constructed
indicqs are presented more for the purpose of inspection 6tsn f-.r inference
making. Since the corneal reflex (as one measure of the trigeminal ncrve
function) contained no abnormalities for either group, no table is pre:; :ted
with this variable.

The statistical power to detect a given relative risk in many o'i the
subsequent analyses was somevhat limited. With the use of a tvo-sid,.d
at-level of 0.05 and power of 0.80, the sample sizes vere sufficient 'o dete'-C
a 49 percent increase in the frequency of abnormal values for neck range of
notion, a 69 percent increase for light touch but only a doubling for tremor,
and an elevenfold increase for gag reflex. Power was generally poor in thesn.-
analyses because of the extremely small number of abnormalities observed in
both the Ranch Hand and Comparison groups.

Questionnaire Data

For the interval questionnaire, each participant was asked to update his
health history for neurologic conditions occurring between 1982 and 1985. All
affirmative histories were subjected to medical record verification, and
appropriate ICD-9-CH coding. All verified neurological diseases were placed
into six broad disease categories. These data are summarized in Table 11-2.

TAILK 11-2.

inadjusted Analysis for Verified Neurological
Diseese by Group*-.1962-1985

Group Abnormalities

Ranch Hand Comparison

Disease Category Number Percent Number Percent Total p-Value**

Inflammatory Diseases 0 0.0 0 0.0 0 --

Hereditary and 2 0.2 0 0.0 2 0.194
Degenerative Diseases

Peripheral Disorders 18 1.8 27 2.1 45 0.651

Disorders of the Eye 5 0.5 7 0.5 12 0.999

Disorders of the Ear 6 0.6 7 0.5 13 0.999

Other Di3orders 8 0.8 3 0.2 11 0.069

*Based on 1,016 Ranch Hands and 1,293 Comparisons; some participants may be
classified in more than one category.

**Fisher's exact test.

0
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All of these analyses were based on very small numbers of abnormalities,
but none of the six general disease categorias shoved statistically signif-
icant differences between groups, although the marginal significance of the
Other Disorders category is of interest. 4

To determine whether lifetime differences in neurologic disease exist
between the Ranch Hand and Comparison groups, verified follovup data were
combined vith verified Baseline historical data. This tabulation is presented
in Table 11-3.

TABLE 11-3.

Unadjusted Analysis for Verified Neurological
Disease by Group*-Baseline and First Follovup Studies Combined

Group Abnormalities

Ranch Hands Comparisons

Disease Category Number Percent Number Percent Total p-Value**

Inflammatory Diseases 3 0.3 2 0.2 5 0.660

Hereditary and 2 0.2 3 0.2 5 0.999
Degenerative Diseases

Peripheral Disorders 23 2.3 38 2,9 61 0.361

Disorders of the Eye 16 1.6 23 1.8 39 0.747

Disordars of the Ear 24 2.4 29 2.2 53 0.889

Other Disorders 15 1.5 14 1.1 29 0.453

*Based on 1,016 Ranch Hands and 1,293 Comparisons; some participants may be
classified in more than one category.

**Fisher's exact test.

Like the follovup data, the combined data revealed no statistically
significant differences in any disease category. Also, there was no signif-
icant difference in patterns of disease for each group (p.0.721).

Physical Examination Data

Dependent Variable and Covariate Relationships: Cranial Nerve Function,
Peripheral Nerve Status, and Central Nervous System Coordination

Responses from both groups were combined and analyzed with the six
covariates. In addition, current drinking (yes/no) and lifetime history of 4
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unprotected exposure to industrial and degreavisig chemicals (yes/no) were also
* evaluated. Indices constructed from dependent variables from the cranial

nerve function and central nervous system coordination processes were also
included. A sumbary tabulation of covariate associations is shown in
Table 11-4. The 10 variables in this table include variables from the
peripheral nerve status and CNS process as well as the cranial nerve function

.and constitute the subset of variables for vhiLh adjusted analyses were
performed.

These results generally shoved the profound association of classical risk
factors for neurological deficits. Increases in the percentages of abnormal-
ities for Achilles reflex, muscle status, neck range of motion, and the
cranial nerve function index (which included neck range of motion) were
associated with increases in age. Increasing percentages of abnormalities for
pin prick and light touch were noted for increasing age from the young
category (3.4% and 2.7% for pin prick and light touch, respectively) to the
middle-aged category (8.1% and 4.7Z, respectively), but a declining proportion
of abnormalities was observed from the mid~le- to older-age categories (7.3%
and 1.2%, respectively). No age effect w&. noted for gait, the CNS index, the
cranial nerve index (neck range of motion ccluded), and, surprisingly, for
tremor.

Race was not a significant covariate for any dependent variable. A
significant occupational effect was obperved for the CNS summary index
(p.O.021, with both enlisted categories having a higher frequency of
abnormalities [5.7% and 4.12 for enlisted flyers and enlisted groundcrew,
respectively) than the officer category [2.6%]) and for the neck range of
motion variable (p-0.010, with increasing proportions of abnormalities from
the enlisted groundcrev [4.6%] to officers [7.5%] to enlisted flyers[8.0%]).

Abnormalities in the Achilles tendon reflex were related to a graduated
increase in drink-years of alcohol. For the variables of pin prick, light
touch, muscle status, neck range of motion, and cranial nerve Index (with neck
range of motica included), the 0 drink-year category vas related to a higher
frequency of abnormalities than the greater than 0 to 50 drink-year category,
which in turn was associated with a lover frequency of abnormaiities than the
greater than 50 drink-year category. For the current drinker (which was not
used for modeling), the perceitage of abnormalities for Achilles reflex and
gait was significantly greater (p.0.007 and p.0.001 for Achilles reflex and
gait, respectively) for current nondrinker3 than for current drinkers. This
relationship was reversed for the CNS summary index.

For bcth the Achilles tendon reflex ane the response to pin prick, the
frequencie of abnormalitie& significantly increased from the diabetic
classes of normal to impaired to diabetic (p<0.001 for both variables). For
the variables of light touch, muscle status, gait, and CNS sumary index, the
associations with diabetic status were mixed: The normal'diabetic class had a
higher proportion of abnormalities then the impaired stratum which. in turn,
had a lover proportion of abnormalities than the overtly diabetic class.
Unexpectedly, the pLoportion of tremor asrnormalities was highest for the
normal diabetic class and became successively lover in the impaired and
diabetic strata (2.48%, 0.45Z, and 0%, respectively).

A higher proportion of pin prick abnormalities was associated with a
history cf unprotected exposuriý to insecticides (p.0.040; 6.94% for exposed
versus 4.8% for unexposed). The other dependent variables were not
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significantly affected by the insecticide covariate. For most dependent
variables, both Ranch Haads and Comparisons exposed to degreasing or
industrial chemicals exhibited a smaller percentage of abnormalities than
participants without exposure. Because the biologic basis of these findings
Is not readily apparent, these two variables were not used as adjusting
cnvariates.

Cranial Nerve Function

All 12 cranial nerves were assessed as unilateral or bilateral; the:se
unadjusted data are presented in Table 11-5. All bilateral assessmenzs (e.g.,
right visual field, left visual field) were combined for the analyses;.en
abnormality consisted of a right and/or a left abnormality.

The analysis of the 12 variables and two cranial nerve function suummary
indices did not reveal statistically significant group differences. Since no
abnormalities are present for the variables of speech and tongue position in
the Comparison group, the estimated relative risk for these variables was
approximated by adding 0.5 to each cell. The low frequency of abnormal counts
in all variables, except neck range of motion, contrasts with the 1982
Baseline findings, which found substantially more abnormalities. For example,
ocular movement was recorded as abnormal in more than 30 percent of the
participants at Baseline while only 0.7 percent of participants were found to
be abnormal at follovup.

Because of the few abnormalities for all variables except neck range of
motion, two summary indices of cranial nerve function were constructed. One

* indicated whether or not a participant i3 abnormal for any of the 15 vari-
ables, while the other was a composite for all except neck range of motion.
The analyses of these indies are reflected in Table 11-5, and shoved no
statisticAlly significant group differences, although -the index excluding neck
range of motJon is of borderline significance. Speech and tongue position
relative to midline were also of borderline significance, although ths
analysis vwS aiffected by sparse numbers of abnormalities. The constructed
indices art! presented more for the purpose of inspection than for inference
making.

Because of sparse numbers of abnormalities, adjusted analyses were
performed only on the variable neck range of motion and the crani.al nerve
function suamary indites, with amd without neck range of motion data. The
results of these analyses are. givr in Tuble 11-6.

None of the results were statistically significant, although the cranial
nerve function index, without neck range of motion, was marginally significant
(p.0.061) when participants with missirng drink-years were included. In the
prisary adjusted anatlysis for this variable, drink-years was included in a
significant covariate interaction. However, an alternative model was also
examined that included participants with missing drink-years due to the
disparity In group response for these participants (4 out of 39 Ranch Hands
abnormal, 0 out of 40 Comparisons abnormal). The results of these adjusted
analyses are nearly identical to the uncdjusted analyses (see Table 11-5). A
borderline significanz tesul: of a group (GRP)-by-age interaction (p.O.0501)
for neck range of motion existed, and an additional analysis stratifying by
age is providsd in Table 11-7. Thts table presents the results of interaction
analyses from variables assessing the peripheral nerve status and central
nervous !system coordination pr6cess as well.
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zj 11-5.

Th•utsie hay. fir Cai1.
tav Fau•cum by Guqp

Group

tm~ch Had 2MM-mr)s
Ckanial Est. Relative

Variable irve Statistic Rimber Percnt Mid=r Percent Risk (95 C.I.) p-Vale

SIll I n 1,016 1,292
Olfactory Abnormal 10 1.0 10 0.8 1.27 (0.53,3.07) 0.654

Nornal 1,006 9.0 1,282 99.2

Visual II n 1,016 1,292
Fields Optic Afowal 6 0.6 6 0.5 1.27 (0.41,3.96) 0.774

S1,010 99.4 1,286 99.5

Light inr n 1,015 1,289
la.titon Och0ltor Airimo 8 0.8 9 0.7 1.13 (0.43,2.94) 0.811

Noriml 1,007 99.2 1,280 99.3

M1i n 1,016 1,292
Oculamotor Abnormal 6 0.6 10 0.8 0.76 (0.28,2.10) 0.801

Oclar IV Nowml 1,010 99.4 1,282 99.2
MOvmIS ent Trodhlur

VI

Ab&ceu

Facial V n 1,014 1,290
Sesation Trtguainl Ahionil 4 0.4 2 0.2 2.55 (0.47,13.95) 0.410

S1,010 99.6 1,288 99.8

Jaw V n 1,016 1,292
Clmbch TrigadmJ. Abnormal 2 0.2 2 0.2 1.27 (0.18,9.05) 0.999

Normal 1,014 99.8 1,290 99.8

Smile VII n 1,016 1,292
Facial AbJorml 7 0.7 4 0.3 2.23 (0.67,7.41) 0.230

Normal 1,009 99.3 1,288 99.7

Palpebral VII n 1,015 1,292
Fissures Facial Abnormal 7 0.7 7 0.5 1.28 (0.45,3.65) 0.789

Normal 1,008 99.3 1,285 99.5

Balance VI3I n 1,,015 1,292
Acoustic Abnormal 2 0.2 1 0.1 2.55 (0.23,.'.15) 0.586

Norml 1,013 99.8 1,291 99.9
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S• 11 -,5. (cmtbawd)

Gmp

Crnial. Est. Relative
Variale Nuve Statistic Nmber Peest &tMlber Pae t Risk (95 C.I.) p-Alue

SIx n 1,014 1,291
Reflex Glo- Abnouma 1 0.1 1 0.1 1.27 (0.08,20.38) 0.999

pzyiam.l Norma1 1,013 99.9 1,290 99.9

Spee&h X n 1,016 1,291 (0.46,172.9) 0.05
VIVA Ahbmnl 3 0.3 0 0.0 p.92

Nzmal 1,013 99.7 1,291 100A)

Twnue x n 1,015 1,292 a
Pcsition Vgus Ahnemal. 3 0.3 0 Oo0 8.94 (0.46,173.19) 0.095
Relative Nmsl 1,012 99.7 1,292 100.0
to Midline

Palate XE n 1,014 1,291
ad 4lSpinul A mal 2 0.2 1 0.1 2.55 (0.23,28.16) 0.5%S
UK Ula koessy Notmel 1,012 99.8 1,290 99.9

Neck xiI n 1,016 1,292
RaW RA ssa1 Abnrmal 61 6.0 84 6.5 0.92 (0.65,1.29) 0.666
of l055 94.0 1,2D3 93.5
Motion

cQntal n 1,003 1,275
Nerm Abnomsl 96 9.6 115 9.0 1.07 (0.80,1.42) 0.663
Functiio M907 90.4 1,160 91.0
Thdex

Nrve n 1,003 1,275
Functitn Abnml 42 4.2 35 2.7 1.55 (0.98,2,44) 0.062
Indem Nnl 961 95.8 1,240 97.3
(Ikvd ftwg of
Wtimon axluded)

"aEtimated zrelative risk and 9-V xofidwmce interval calculated after addUig 0.5 to sech cell.
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umE 11-6.

*IjUt hulyumf wc sam1~am Vaddab of i D ~a]
NK R~l h t1 W lV

11 K~d oprs
lbt. Relative Covariate

Vwtabl Statistic ftbo Pimnt Nube Famot r1s(9 C.I.) p-VaboLd iw

Noc 1,01M6 f,292 0.90 (0.63,1.27) 0.531 A(p4J.0011)
hq of Ahinl 61 6.0 84 6.5 QiwkR
Ivotiw ft3E. 95 94.0 1,M 93.5 (inqlzt1:p4.MM60)

Cc~al" n 1,003 1,275 1.07 (0.80,1.4i) 0.666 (p4).OMl)
Nor" Abnoml 96 9.6 M1 9.0
1Rwttm Normm1 907 90.4 1,160 91.0

cnwdds n 96A 1,232 1.42 (0.88,2,3D) 0.153 D[AWIN(p-0.022)
Nw Ahxxw1 3B 3.9 34 2.8 0PAO.0.0I)

Pwmtica Nocul 926 96.1 1,198 97.2 C(XAIIBpo.O.05)

(ft* Altsmativ Mdodm-Uxndw lfl.Iz kiz*.Tmor Participatu'

NbtiwM n 1,003 1,271 1.56 (0.96,2.49) 0.061 DEAbkE~p.O.017)
mb~du) Mxruma1 42 A.2 34 2.7 oa)LdEp.0.016)

Nowll 961 95.8 1,237 97.3

MAS: diabetic classn
IM: inmecticide uqposse
QCC: occuptiam
MW': drk-m

aLifetiin ua*~hl emoqtion (total drink-ynum) not ind a a awarate.

b79 miin dridz*.-yur pmrticlinfls: 4/3 :-R Raidsa br~n ; 0/40 Comatimn abionma.
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=aMz 11-7.

SANhY Tal of QoW4oMriatm I-t8tiaUn for N ? vxocI Vr•ia

Adj. - flative

Mariable Intmtion Stratificatia Satistic Rubw Ausmt R .wmt Risk (92 C.I.) p-l•Lm

n 412 549
Boe a 1%2 Akam1 10 2.4 5 0.9 3.03 (101,9.00) 0.045

Hom1 4M 97.6 544 99.1

Nock Fa. Giap4V- ka 1923-1941 n 568 693
Of Notion Ap hAai1 47 8.3 70 20.1 0.82 (0.55,1.21) 0.319

Noml 521 91.7 623 89.9

n 36 s)
Doum < 1922 Abnmzl 4 11.1 9 18.0 (0.55 (0.16,1.97) 0.361

Ntmz 32 88.9 41 82.0

n 76 94
bnmml Abml 13 17.1 10 10.6 1.74 (0.71,4.24) 0.223

Notm1 63 Z2.9 84 W..4

Pin Prick Grop-bV- IzrI n 105 174
Dlatic Abnm1al 1 1.0 16 9.2 0.09 (0.01,0.69) 0.011
Clam No l 10( 99.0 1M8 90.8

Nn 822 1,005
Abloml 45 5.5 .53 5.3 1.02 (0.68,1.54) 0.92D
Noti 777 94.5 952 94.7

3Bqpul to n 7036
Inmcticidw Abnmul 22 3.1 8 1.2 2.60 (i.15,5.90) O.M

Norma 681 96.9 675 98.8
Trm mptby-

Inuinti1Admw
Bo ps. bt 'R eI n 313 605

to lzImwticidin Ahbxmtj 4 1.3 11 1.8 0.69 (0.22,2.19) 0.5V
Nocml 309 98.7 5% 98.2
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The stratified analysis for neck range of motion shoved a higher propor-
tion of younger Ranch Hands with neck range of motion abnormalities than
younger Comparisons (p=0.045). Although not statistically significant,
middle-aged and older Comparisons had higher proportions of abnormalities than
did t.he Ranch Handa.

Peripheral Nerve Status

Peripheral nerve integrity was assessed by light pin prick, light touch
(cotton sticks), visual inspection (and palpation, if indicated) of muscle
mass, vibratory sensation as measured at the ankle with a tuning fork of
128 Hx, three deep tendon reflexes (patellar, Achilles, and biceps), and the
Babinski reflex. The unadjusted analyses are given in Table 11-8ý As noted
previously, the analyses of pin prick, light touch, and vibratory sensation
excluded the 29 participants with peripheral edema. These results shoved that
peripheral nerve function did not vary significantly by group.

Adjusted analyses vere performed by logistic regression on four periph-
eral nerve variables. The other variables had relatively sparse numbers of
abnormalities. The covariates were age, race, occupation, drink-years of
alcohol, diabetic class, and exposure to insecticides. These statistics are
displayed in Table 11-9.

For the variables light touch, muscle status, and the Achilles reflex,
group differences were nonsignificant; the results were aearly identical to
the unadjusted analyses. For the variable pin prick, hovever, a significant
group-by-diabetic class interaction (p-O.003) was observed. This interaction
vas explored and the results are depicted in Table 11-7. As shown, the
interaction suggests a difference, due to a lover proportion of abnormal
pin-prick results in Ranch Hand impaired diabetics than in Comparisons (Adj.
RR: 0.09,95Z C.I.: [0.01,0.691, p=O.021), vhereas both the abnormal and normal
diabetic classes shoved no significant group differences.

Central Nervous System Coordination

CNS coordination was evaluated clinically vith four variables: hand
tremor, rapid finger-to-nose coordination, one-foot standing balance (modified
Romberg sign), and observation of gait for at least 10 steps. In addition, a
constructed variable, the CMS summary index, was derived by summarizing
abnormalities from all four CNS variables. The unadjusted analyses of these
five variables are shown in Table 11-10.

These results revealed no statistically significant group differences for
the four primary CNS variables, although the borderline significance of
tremor, vith a higher proportion of abnormalities in the Ranch Hands, is
interesting. The statistical power to detect a given relative risk vas poor
because of the small percentages of abnormalities. The CNS summary index was
statistically significant, with Ranch Hands manifesting a higher proportion of
abnormalities; this result should be interpreted with caution, however, since
this index was constructed after the data were examined. Three of the five
variables with sufficient proportions of abnormalities were adjusted by six
covariates, and these results are summarized in Table 11-11.
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TAXLE 11-8.

Unadjusted Analyses for Peripheral Nerve Function by Group

Group

Reach Hand Comparison
Est. Relative

Variable Statistic Number Percent Number Percent Risk (95% C.I.) p-Value

Pin Prick n 1,003 1,276
Abnorm*l 59 5.9 80 6.3 0.93 (0.66,1.32) 0.725
Normal 944 94.1 1,196 93.7

Light n 1,003 1,276
Touch Abnormal 38 3.8 47 3.7 1.03 (0.67,1.59) 0.912

Normal 965 96.2 1,229 96.3

Muscie n 1,016 1,292
Status Abnoreal 26 2.6 33 2.6 1.00 (0.60,1.69) 0.999

Nornl 990 97.4 1,259 97.4

Vibratory n 1,003 1,276
Sensation Abnormal 11 1.1 10 0.8 1.40 (0.59,3.32) 0.510

Normal 992 98.9 1,266 59.2

Patellar n 1,016 1,290
Reflex Abnormal 11 1.1 16 1.2 0.87 (0.40,1;89) 0.846

Noraal 1,005 98.9 1,274 98.8

Achilles n 1,009 1,284
Reflex Abnormal 58 5.7 75 5.8 0.98 (0.69,1.40) 0.999

Normal 951 94.3 1,209 94.2

Biceps n 1,016 1,292
Reflex Abnormal 9 0.9 10 0.8 1.15 (0.46,2.83) 0.819

Normal 1,007 99.1 1,282 99.2

Babinski n 1,011 1,287
Reflex Abnormal 4 0.4 5 0.4 1.02 (0.27,3.80) 0.999

Normal 1,007 99.6 1,282 99.6
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Tim U-9.

-. rhm MW Mj. i JmiW

Alt. dativ Omariat*

Vwimble Statistic Omb tua t t8bw Paut fL*t (9W C.I.) p-WI1M PANks

Pin Ptick n 1,003 1,273 **** tiO AD(p.0.003)
Abwxml 59 5.9 79 6.2 Akp4D.VOM)
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TABLE 11-10.

Unadjusted Analyses for CHS Cootdination Variables by Group

Group

Ranch Hand Comparison
Est. Relative

Variable Statistic Number Percent Number Percent Risk (95X C.I.) ?-Value

Tremor n 1,016 1,292
Abnormal 26 2.6 19 1.5 1.76 (0.97,3.20) 0.069
Normal 990 97.4 1,273 98.5

Coordination n 1,015 1,292
Abnormal 9 0.9 7 0.5 1.64 (0.61,4.43) 0.327
Normal 1,006 99.1 1,285 99.5

Romberg n 1,015 1,292
Sign Abnormal 2 0.2 1 0.1 2.55 (0.23,28.15) 0.586

Normal 1,013 99.8 1,291 99.9

Gait n 1,016 1,290
Abnormal 20 2.0 16 1.2 1.60 (0.82,3.10) 0.178
Normal 996 98.0 1,274 98.8

CNS n 1,015 1,290
Summary Abnormal 48 4.7 39 3.0 1.59 (1.04,2.45) 0.036
Index Normal 967 95.3 1,251 97.0
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Thesie statistics were quite similar to the unadjusted tests, and shoved
borderline significance for tremor, nonsignificance for gait, and siiplificance
for the CNS summary index. The unexpected inverse relationship of tremor
abnorwm lities to diabetic classification is again noted. The borderline
group-by-insecticide interaction was inveszigated, and the results are given
in Table 11-7. As shown, the relative risk for Ranch Hands exposed to
insecticides was statistically significant (RR: 2.60, 95X C.I.: '1.15,2.90],
p.0.22), whereas the relative risk for unexposed Ranch Hands was nonsignifi-
cant. This finding may have both an operational tnd biologic foundation,
because "ecords indicate that some Ranch Hands vere P.,posed to the insecticide
Mal.athio;;4 , a cholinesterase inhibitor, during insectic~de missions for
malaria pLevention. Comparisons, by definition, did not fly these missions.

IZPOSITJR INMI ANALYSES
Exposure index analyses were conducted within each occuxition cohort of

th2 Ranch Hand group to search for dose-response relationships (see Chapter 8
for details on the expo-ure index). All 27 variables and three summary
indices were explored (unadjusted for any covariates) as with the unadjusted
tests for group differences discussed previously in this chapter. These
variables were investigated using Pearson's chi-square test and Fisher's exact
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test. Adjusted analyses were performed by logistic regression for the
* 10 variables (7 neurological parameters and 3 summary indices) for which

adjusted analyses of group differences were previously examined. These
analyses were accomplished, adjusted for age, diabetic class, insecticide
exposure, and drink-years (all discretized), and any significant pairvise
interactions between ýhe exposure index and theae covariates. Race was not
included in adjusted analyses because of the absimce of any race effect in the
previous group difference analyses. Overall significance in the proportion of
abnormalities among the exposure index levels of lov, medium, and high was
determined, as well as contrasts in the proportion of abnormalities Detveen
the sedium and low exposure levels, and between zhe high and lov exposure
levels. Exclusions were made as described previously.

Results of the adjusted analysis are presented in Table 11-12, and
results for unadjusted analyses appear in Table I-1 of Appendix I. Results
from further study of exposure index-by-covarivti. .nteractions are given in
Table 1-2 of Appendix I.

Unadjusted analyses revealed borderline significant differences among
exposure index levels for pin prick in enlists.d grcundcrev (p=0.052) and
Achilles reflex in enlisted flyers (p.0.059). The data did not support an
increase in the proportion of abnormalities with increasing exposure levels,
however.

Adjusted analyses yielded similar conclusions, in that significant or
borderline significant results did not support an increase in the proportion
of abnormalities with increasing exposure, and that very fev significant
results were observed. The pattern of abnormalities vith the 10 variables was
studied, and in no occupational strata was an increasing dose-response
relationship evident. In fact. the high exposure level often had a sWaller
(although nonsignificant) proportion of ionormalities than the lov and medium
levels,

Interactions were present for ý of the 10 variables, and occurred pri-
marily in the enlisted groundcrev stratum. A summary of these interactions is
presented in Table 11-13.

Meaningful interpretation of the interactions was difficult, due to the
small numbers of abnormalities within a covariate strata. No significant
adverse effects to participants with higher exposure leve....s were evident,
however, in this analysis.

In sammary, no evidence of an increasing dose-respona relationship at
the followup examination was observed. No increase in pcrvalence rates was
seen as exposure levels increased. These results essentially were in
agreement with the findings of the Baseline Study.
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TIBLI 11-13.

0Summary of Exposure Index-by-Covariate
Interactions for Neurological Variables

Variable Occupation Covariate p-Value

CNF Summary Index Enlisted Groundcrew Diabetic Class 0.045

Light Touch Enlisted Flyer Insecticide Exposure 0.026

Muscle Status Enlisted Groundcrev Age 0.026

Achilles Reflex Enlisted Groundcrev Age 0.014

CNS Sumsmay Index Enlisted Groundcrev Insecticide Exposure 0.010

LOGIUIAL ANALYSS

Two variables, the modified Romberg sign and the Babinski reflex, were
investigated to assess longitudinal differences between the 1982 Baseline
examination and the 1985 followup examination. Both variables were classified
as abnormal or normil. As shown in Table i1-14, 2x2 tables vere constructed
for each group for each variable. This table shovs the number of participants
who were abnormal at the Baseline examination and abnormal at the followup
examination, abnormal at Baseline and normal at the followup, normal at
Baseline and abnormal at the follovup, and normal at both Baseline and the
followup. The cids ratio is the ratio of the number of participants who were
normal at Baseline and abnormal at the followup to the number of participants
who were abnormal at Baseline and normal at the follovup (the "off-diagonal"
eleme-its). The p-value van derived from Pearson's chi-square test of the
hypothesis that there was comparable change in the tvo groups over time.

These data shoved no longitudinal difference in the change pattern in the
Romberg sign in the tvo groups, but they did shuv a significant change in the
Babinski reflex. In the Baseline examination, the Ranch Hands had a signif-
icantly greater proportion of reflex abnormalities than the Comparisons, but
the followup examination shoved approximately the same percentage of Zbnor-
mality in both groups (Est. ER: 1.02, 95X C.I.: [0.27,3.80, p-O999]).

SUNMARY AND CONCLUSIONS

Interval questionnaire data (1982 through 1985) on neurological ill-
nesses, verified by medical records, revealed no significant group differ-
ences. These data were added to verified Baseline historical information to

iess possible differences in the lifetime experience of neurological
jease. Again, there was no significant difference between the Ranch Hand

and Comparison groups.
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TABLE 11-14.

Longitudinal Analysis of Romberg Sign and Babinski Reflex:
A Contrast of Baseline and First Foflovup Examination Abiormalities

1985 Followup
1982 Exam

Baseline Odds p-Value
Variable Group Exam Abnormal Normal Ratio (OR)* (OR R vs. OR.)

Ranch Abnormal 2 188 0
Romberg Band Normal 0 777
Sign 0.38

Comparison Abnormal 0 250 0.004
Normal 1 886

Ranch Abnormal 1 7 0.43
Babinski Hand Normal 3 953
Reflex 0.04

Comparison Abnormal 0 1 5.00
Normal 5 1,129

*Odds Ratio: Number Normal Baseline, Abnormal Follovup
Number Abnormal Baseline, Normal Follovup.

A detailed neurological examination evaluated neurological integrity in
three broad areas: cranial nerve function, peripheral nerve function, and
central nervous system (CNS) coordination. The summary analytic results for
all measurement variables comprising these three functional areas are
presented in Table 11-15.

Assessment of the 12 cranial nerves was based on the measurement of
14 variables. Two summary indices were constructed. Both the unadjusted and
adjiisted analyses did not disclose any statistically significant group
differences, although two variables, speech and tongue position, were of
borderline significance, with Ranch Hands faring worse than Comparisons. One
of the two cranial nerve summary indices was marginally significant, again
with the Ranch Hands at a slight detriment.

The unadjusted and adjusted analyses of peripheral nerve function, as
measured by eight variables (four reflexes, three sensory determinations, and
muscle mass), did not reveal significant group differences.

CNS coordination was evaluated by four measurements and a constructed
summary variable. Hand tremor was found to be of borderline significance,
with the Ranch Hands faring slightly worse than the Comparisons. The CNS
summary index shoved a significant detriment to the Ranch Hands.

The exposure analyses for neurological variables with reasonable counts
of abnormalities showed only occasional statistically significant results.
No consistent pattern with increasing exposure was evident for any
occupational category of the kanch Hand group.
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TABLE 11-15.0
Overall Summary Results of Unadjusted

and Adjusted Analyses of Neurological Variables

Direction of
Variable Unadjusted Adjusted Results**

Questionnairea Physical Examination

Neurological Disease (Interval) NSb

Neurological Disease (History) NS --

Cranial Nerve Function

Snell NS --
Visual Fields NS
Light Reaction NS --
Ocular Movements MS --
Facial Sensation NS --

Corneal Reflex __
Jaw Clench NS --
Smile MS --
Palpebral Fissures NS --

Balance NS --0 Gag Reflex NS --
Speech NS* -- RH>C
Tongue Position Relative

to Midline NS* -- RH>C
Palate and Uvula Movement MS --

Neck Range of Notion NS NS
Cranial Nerve Function Indexd NS NS
Cranial Nerve Function Index4

(excluding Neck Range of Motion) NS* NS* RH>C

Peripheral Nerve Function

Pin Prick NS
Light Touch NS NS
Muscle Status NS NS
Vibratory Sensation NS --

Patellar Reflex MR --
Achilles Reflex NS NS
Biceps Reflex NS --
Babinski Reflex NS --

0
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TADLZ 11-15. (continued)

Overall Sum"y Results of Unadjusted
and Adiusted Analyses of Neurological Variables

Direction of
Variable Unadjusted Adjusted Results**

Central Nervous System Coordination

Tremor NS* NS* RHDC
Coordination NS --

Romberg Sign NS --

Gait NS NS
CNS Summary Index4  0.036 0.042 RB>C

**RH>C: More abnormalities in Ranch Hand group than in Comparison group.

aDisease categories include: inflammatory diseases, hariditary and

degenerative diseases, peripheral disorders, disorders of the eye, disorders
of the ear, and other disorders.

NS:Not significant (p>0.1O).

bNo inflammatory diseases noted; borderline significant (p-0.0 6 9, RB>C) for

other disorders; not significant for remaining categories.

-- Analysis not performed because of sparse number of abnormalities.

cNo abnormalities present.

NS*Borderline significant (0.05<pp.10).

'Constructed variable.

****Group-by-covariate interaction.
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In a longitudiral analysis of the Rombo~rg sign and the Babinski reflex,
* only the Rabinaki reflex revealed a si&nificant difference betveen the

Baseline and follovup examination, with the Ranch Hands converting from
significant adverse findings at Baseline to tavorable nonsignificant findings
at the follovup examination.

Overall, the follovup examination findings are quite similar to the
Baseline findings. However, several distinct patterns were evident from the
analyses% (1) The follovup examination detected substantially fever abnor-
malities for almost all measurement variables, (2) the decrease in abnormal-
ities vas equivalent in both groups, (3) most of the covariate effects were
classical, although exceptions were evident, (4) the adjusted analyses were
uniformly similar to the unadjusted analyses, (5) the constructed summary
variables vwre generally statistically significant, or of borderline signif-
icance (however some indices were created after the data were examined), and
(6) although statisticai significance at the pre-assigned a -level of
0.05 was not achieved for any of the measurement variables, abnormalities
tended to cluster in the Ranch Hand group.

Of the three group-by-covariate interactiona in the adjusted analyses,
only one, a borderline group-by-insecticide exposure interaction ior hand
tremor, vhare Ranch Hands expoaed to insecticides had a marginally
significant adverse effect, vms of probable biologic (and operational)
significance.

In conclusion, none of the 27 neurological variables demonstrated a
significant group difference, although several shoved an aggregation of
abnormalities in the Ranch Band group, which merits continued surveillance.

*Historical reporting of neurologic disease vms equal in both groups. The
clinical sensitivity in detecting neurological deficits varied substantially
betveen the Baseline and the follovup examinations, but the number of
statistically significant variables remained about the same. None of the
exposure analyses revealed dose-response patterns in the Ranch Hand occupa-
tional categories. The longitudinal analyses disclosed a favorable reversal
of significant Babinski reflex abnormalities at Baseline to nonsignificant
findings at the follovup examination for the Ranch Hands. The similarity in
results betveen unadjusted and adjusted statistical tests is evidence of
group equality for the traditionally important neurological covariates of
age, alcohol, and diaoetes. Of three group-by-covariate interactions in the
adjusted analyses, only the Ranch Hand insecticide interaction with hand
tremor vms biulogically plausible.
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C3APTU 12

PSYCHOLOGICAL ASSUSSMWI

INTRODOCTIIN

Emotional illnesses or psychological abnormalities are not recognized as
primary clinical endpoints following exposure to chlor. 'ihenols, phenoxy
herbicides, and dioxin. "Neurobehavioral effects" occasionally ascribed to
such exposures have been, in fact, predominantly neurological symptoms for
vhich causation is not disputed (see Chapter 11). Higher CNS functioning, in
terms of cognitive skills, personality, and reactivity, may be temporarily or
permanently impaired depending on the exposure and the ability to measure
accurately tha psychological changes.

Animal studies provide little insight into possible humm psychological
problem. Animal signs of lethargy, stupor, poor coordination, lack of
feeding, and agitation have been observed in multiple studies involving many
species. These signs have generally been attributed to the "vasting syn-
drome" or multi-organ toxicity, rather than primary CNS toxicity. A study
of "behavioral" effects in rats following single and weekly doses of 2,4-D
shoved that the central effects of decriased coordination and lever-pressing
behavior were transient and reversible. Further, no latent CNS impairment
was detected after a d-amphetamine challenge.

Human studies and case reports have occasionally noted psychological
disorders or symptom complexes following exposure to herbicides and TCDD.
Complaints included headache, Pnxiety, malaise, depression, abnormal anger,
mood changes, sleep disturbances, decreased libido, and impotence. Scien-
tific confirmation of these symptoms by psychological testing is difficult
and exclusion of other plausible causes such as age, preexisting
psychological abnormalXites, or even motivation for compensation is often
impossible. Most studies have merely recorded complaints and have not
pursued their validation by indepth functional testing.

Early studies of industrial chemical workers first provided the sug-
gestion of psychological effects. Follovup studies from the Nitro, Vest
Virginia, accident in 1949, shoved "nervousness," fatigue, irritability, cold
intolerance, and decreased libido in mazy of the work?rT with chloracne, but
most of these symptoms subsided over a 4-year period." Two follovup
studies in 1979, by different investigators of expanded (but slightly dif-
ferent),pjant cohorts, noted reports of sexual dysfunction and decreased
l1bico.' One of these studies noted that these observatigns (and insomnia)
vere significantly increased in individuals with chloracne. Neither of
these follovup efforts conducted.neurobehavioral tests to validate the
reported symptoms.

Other industjially based 7studies reported symptoms 1,f fatigue, 7-13
decroased Pibido, impotence, sleep disturbances, . - educed emotional
responses, sensory deficits of smell, taste, and hearing, reading
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difficulties,' cemory loss,11 and emotional disorders.1 2',13 Symptoms of
depression and anxiety have been associated with disfiguring chloracne. One
study fou• a relationship between chloracne and hypomania as determined from
te MMPI, and another noted that two of three chemist?,involved in the 4
synthesis of TCDD developed marked personality changes. Although data
interpretation problems exist, the Czechoslovakian 10-year followup study
cited eight cases of severe dementia in exposed vorlters and reported tWt
iymptois of anxiety and depression decreased over the followup period.

A contemporary cross-sectional morbidity study of a mobile-home park,
environmentally rontaminated with dioxin, shoved subclinical hepatic,
hematologic, immunologic, and psychological changes in exposed reaidents.1
Significant abnormalities were recorded in the exposed group for the tension/
anxiety ano anger/hostiity scales of the profile of mood states (POMS)
inventory, as well &a Cae vocabulary subtest of the Vechsler adult intel-
ligence scalv (WAIS). Novqver, functional testing by the Halstead-Reitan
battery (HRB) did not reveal significa:t group differenees. There was no way
to differentiate between the primary a tects of exposure and the secondary
effects of media attention.

In contrait to industrial cohorts, the study of chemically related
psychological problems in veterans has proved more difficult because of the
confounding effects of combat stress and the post-traumatic stress disorder
(PTSD), and the uncertainty of exposure. Of almost 100,000 Vietnam veterans
registered in the VA's Agent Orange Registry in 1983, 18 percent complained
of "nervousness" and 10 percent cited personality disorders. A psychiatric
review of 13? veterans included in the Registry, most of whom had been
referred for treatment, disclosed a symptom hierarchy of sleep disorders
(53%),,Pood depression (36%), suicidal thoughts (35%), and irritability
(31%). Fifty-three percent of these veterans received the PTSD diagnosis.

In 1980, the American Psychiatric Association established the term
"post-traumatic stress disorder" to define a neurosis caused by extrem?,
psychic trauma, e.g., natural disaster, var, imprisonment, or torture.
PTSD comprises the symptoms of anxiety, "powder keg" anger, depression,
1rritability, restlessness, recurrent intrusive dreams, flashbacks, and
sleeplessness. Quiescent PTSD may be acutely reactivated in some infviduals
by specifi' triggering events (e.g., visiting the Vietnam Memorial). The
disorder is equally applicable to civilians following emotionally traumatic
experiences. The onset of PTSD may immediately follow the traumatic event or
it may occur years afterward. The older war terms shell shock, combat
fatigue, and anxiety reaction geneially referred to the more immediate
symptoms following the trauma although components of PTSD are now recognized
in veterans of earlier wars.

The prevalence of PTSD in Vietnam veterans is unknown, fd2 ,ver t&
qualitative assessments of "common" or "rare" are debatable. ' A 7-month
incidence of legal and emotional maladjustments in returning Vietnam veterans
occurred at the rate of 23 pejent and did not differ significantly from com-
parable rates in nonveterans. Though a concise definition of PTSD exists,
there is controversy as to the best mets of diagnosis. Some workers prefer
a full fnd thorough clinical interview while others favor empiric symptom
scales. Clearly, each method serves a different, but highly related,
purpose: clinical diagnosis in individuals versus an epidemiological/
statistical diagnosis in groups.
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Risk factors for the development of PTSD may include emotional pre-
disposition, social/ethnic background, parental factors, race, "1nd 2 obat
intensity ranging from slight involvement to attocity behavior.
Parallel conditions to PTSD (or perhaps unrecognized components of PTSD)
encompass alcoholism, drug abuse, lavlessnef Itrilsts/felony convictions),
personality disorders, and frank psychosis. ' - This chapter attempts to
isolate any psychological disorders attributable to herbicide exposure.

Baseline Si - Reuilts

Extensive psychological parameters were assessed on all participants
during the 1982 Baseline questionnaire and physical examination. The
expected high degree of concordance between education (college, high school)
and military status (officer, enlisted) was observed and validated the sole
use of education as a covariate representing socioeconomic status for most
analyses.

There vere no questionnaire differences for past history of emotional or
psychological illnesses between the Ranch Hand and Comparison groups. For
the psychological indices of fatigue, anger, erosion, anxiety, and severity
of depreivion (as determined by a modification of the Diagnortic Interview
Schedule ), no group differences were detected among the college-educated
Ranch Hands. Hovever, for the high school-educated stratum, Ranch Hands
demonstrated highly significant pathology for fatigue, anger, erosion, and
anxiety. An unadjusted analysis of reported depression shove6 significantly
more depression in the Ranch Hands, as did the isolation index adjusted for
educational level. Exposure index analyses from the Ranch Hand questionnaire

* data did not suggest a relationship between exposure and psychological
abnormality.

At the time of the physicil examination, additional self-reported data
were collected with the Cornell Index and the MMPI. '"he CNS functional
testing was con,,ucted by a modified HRB, and intelligence was measured by the
VAIS.

The Cornell Index shoved a significant increase in psychophysiologic
symptoms in the high school-educated Ranch Hands. Six of 10 parameters of
the Cornell Index were abnormrl in the Ranch Hands (e.g., fear, startle,
psychosomatic) as contrasted to the Original Comparisons, and all abnormal
responses/parameters were in,',rsely related to education to a statistically
significent degree. KNPI results in the high school-educated participants
shoved differences in the scales of denial, hypochondria, masculinity/
femininity, and mania/hypomania a-s contrasted to the college-educated group.
Only the social introversion scale was significant in the college-educated
participants. The effect of education was influential (p<O.01) in all scales
of the MMPI. Race was not a rlgiiificant covariate. All self-reported data,
including those from the in-home questionnaire, were not adjusted for pos-
sible group differences in PTSD or combat experience/intensity.

Performaisce testing by the RRB shoved no neuropsychiatric impairment in
the Ranch Hands as contrasted to their overall self-administered KMPI and
Cornell index. In fact, Ranch Hand over-reporting was suggested in several
parameters, but was not proved. The effect of education on the Halstead-
Reitan teating was profound (p<0.O001). WAIS intelligence scores revealed
very close group similarities in the full-scale and verbal and performance
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scales. As expected, the intelli-ence quotient (I0) of college graduates was
significantly higher than the IQ of high-school graduates. Exposure index
analyses of the HRB and VAIS data were negative and disclosed no patterns
that suggested an herbicide effect.

Parameters of the 1985 P2s/cnological Assessment

Two of the psychological tests (MHPI, HRB) conducted at the 1982
Baseline examination were repeated at the first follovup examination in 1985.
Repetitive testing was accomplished for purposes of clinical validation,
establishment of comparable longitudinal pa.imeters, and comparable covariate
adjustments by concurrently derived PTSD and combat experience indices.

Questions from the Diagnostic' Interview Schedule were deletea from the
followup questionnaire and were raplaced by questions on combat experience in
Vietnam. An updated history of mental and emotional disorders was obtained
on all participants. A PTSD indicator was derived from a new MMPI subscale2 4

and was used for covariate adjustments if non-MMPI psychological data. The
WAIS IQ assessment was deleted, but all paimeters of the HMPI and HRB were
retained. -e Cornell Medical Index (CMI) was substituted for the Cornell
Index in ... 1985 psychological assessment.

The dependent variables and covariates o! the followup examination are
similar to those analyzed at the Baseline. Longitudinal analyses of the MMPI-
scales of denial and deprezzion consider the change of psychological test
indices between groups.

All statistical analyses are based on 1,016 Ranch Hands and
1,293 Comnarisons. No individuals were excluded from the analysis o' the
psychological data for medical reasons. Sample size differences in the
tables below reflect missing data from scale or battery test results, or foom
relevant covariates. The statistical tests use log-linear models, logistic
rigression models, Kclmogorov-Smirnov nonpacametric tests, Fisher's exact
test, and Pearson's chi-square test. Parallel analyses using Original
Comparisons are in TaLies J-8 through J-18 of Appendix J.

RESULTS AND DISCUSSY-ON

Questionnaire Data

At the followup interview, each participant was asked whether he had
ever d a mental or emotional disorder. Whenever pomsible, the conditions
were t-ded using ICD-9-CI.. Reported ýisorders for which treatment was
obtained were subsequently verified by reviews of medical records. Table
12-1 contains a tabulation of the distribution of these psychological
illnesses, with information from the Baseline and follwup studies combined.

None of the types of illness categories showed statistically significant
differences between groups; however, the "other neuroses" category is
significant (p0.037), with the Ranch Hands showing mcre adverse effects,
wnen only Original Comparisons are used (see Table J-8 of Apperdix J).
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TABLE 12-1.

Unadjusted Analyses for Reported Psychological Illnea3es
by Group: Baseline and First Follovup Studies Combined*

Group Abnormalities

Ranch Hand Comparison

Type of Illness Number Percent Number Percent Total p-Value**

Psychoses 14 1.4 9 0.7 23 0.138

Alcohol Dependence 9 0.9 8 0.6 17 0.473

Anxiety 7 0.7 13 1.0 20 0.501

Other leuroses -2 7.1 74 5.7 146 0.197

*Analyses based on 1,016 Ranch Hands and 1,293 Comparisons; some
participants may have had more than one illness.

**Fisher's exact test.

Psychol.ogical xamination Data

The HMPI is a self-administered test consisting of 566 questions on
various: aspects of behavior and personality. The results of the IMPI are
numerical scores for 14 scales. The scales are anxiety (psychasthenia),
consistency (F-scale), defensiveness (L-scale), denial (K-scale), depression,
hypochondria, hysteria, mania/hypomania, masculinity/femininity, paranoia,
psychopathic/deviatc, schizophrenia, social introversion, and validity. The
normal range of scores from 30 to 70 vas used to categorize the results as
normal or abnormal for all scales except validity. For validity (the number
of unansvered questions) categories of 0 or greater than 0 vere used. The
test vas administered to all 2,309 participants. A participant was
considered nonresponsive in the MNPI if more than 30 questions (approximately
5%) were unansvered. Due to noncespouse, data on six participants, (tvo
Ranch Hands and four Comparisons) vere omitted from the analysis of all
variables except validity. Thus, the MMPI analyses vere based on 1,014 Ranch
Hands and 1,289 Comparisons.

The CMI is a self-administered instrument used to collect a substantial
amount of medica 1 and psychiatric data. The 195 ouestions of the CMI are
partitioned into 18 sections (A to R) vith the niumber of questions vithin a
section ranging from 6 to 23. The analysis of the CMI vas based on three
scores: the total CMI score, an H4-R subscore, and an A-H area subscore. The
total CMI score is the number of affirmative responses on tIe entire
q !stionnaire and is analyzed as a continuous variable. The M-R subscore,
vhich deals vith mood and feeling patterns, is a useful indicator of
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emotional ill-health. This subscore is the total number of affirm8 ive
responses to the 51 questions in sections M-R and is trichotomized as 0, 1 to
10, or greater than 10 for the analysis. The A-H area subscore is a measure
of the scatter of complaints, indicating a diffuse medical problem, although
other interpretations are possible. An abnormal A-H area subscore is defined
as the number of sections (of A-H) with three or more affirmative responses.
The A-H area subscore, which ranges from 0 to 8, is trichotomized as 0, 1 to
3, or 4 to 8 for the analysis.

Consistent with the 5 percent nonresponse exclusion used for the MMPI,
analysis of the total CMI score is based on scores with at least a 95 percent
response rate or no more than 10 unanswered items from the total 195. M-R
subscores are deleted from the analyses if three or more questions were
unanswered from the 51 questions. For the A-H area subscore, participants
who failed to answer all items were excluded from the analyses. Using these
response criteria, analyses of the total CMI score are based on tW' scores of
1,000 Ranch Hands (16 deleted) and 1,268 Comparisons (25 deleted); the M-R
subscore analyses use the results of 998 Ranch Hands (18 deleted) and
1,267 Comparisons (26 deleted); and the A-H area subscore analyses use
914 Ranch Hands (102 deleted) and 1,148 Comparisons (145 deleted).

The HRB is a neuropsycholog4cal test that was administered to all par-
ticipants to assess the functional integrity of the CNS. The battery
consists of seven subtests: category (abstract recognition and analysis),
total-time tactile performance, memory tactile performance, localization
tactile performance, rhythm, speech, and finger tapping. In addition, 7ther
tests were performed (e.g., trailmaking, tests of recent memory) but do not
contribute to the impairment index. For each participant who completed all
seven subtests, an impairment index, equal to the number of subtests in which
the participant scored abnormally, is computed. This variable is dichot-
omized as normal (impairment index <3) or abnormal (impairment index >3).
Tventy participants (10 in oach group) refused or did not complete one or
more of the seven subtests. Thus, the analyses of the HRB *mpairment index
are based on data from 1,006 Ranch Hands and 1,283 Comparisons. Fisher's
exact test was used to contrast the number of excluded participants between
groups. A significant difference was ntt observed (p=0.654).

The analyses of the psychological variables were adjusted for age (born
in 1942 or after, born between 1923 and 1941, born in 1922 or before), race
(Black, nonblack), education (high school, college), and drink-years
(0, greater than 0 to 50, greater than 50). Education was dichotomized into
high school and college categories, for purposes ot anaiysis, from the
classifications of (1) no high school diploma, (2) high school diploma,
(3) attended college, and (4) college diploma. This variable was based on
Baseline education levels, and participants with incomplete information were
classified as high school educated. In addition, the analyses of the PMPI
scales were adjusted for the combat index, a surrogate m,-qure for PTSD.
This index was constructed frorm 15 self-administered questions on combat
experiences (see Appendix C, page C-15, AFHS Form 8). Associations of these
15 variables with PTSD, as rvasured from a subset of the MMPI questions, were
examined, and responses to `our questions showed statistically significant or
merginally significant assodiations with PTSD. The four questicas were
(1) flew in aircraft that received battle damage, (2) had a cloýe friend
killed in action, (3) encountered mines or booby traps, and (4) wounded. An
index, equal to the number of affirmative responses to these four questions,
was computed and 'nsed as a trichotomized covariate (low, [0; n-708 (30.7%)],
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medium [1; n-814 (35.4Z)], high [2-4; n. 781 (33.9%)], 6 missing
* participants, as with MMPI scales) for the analyses of the HMPI scales.

While this index was associated with PTSD, it does not necessarily measure
stress but does measure combat experience.

The analyses of the CMI and HRB tests wvre adjusted for PTSD, based on
the number of affirmative responses to a subset of 49 questions of the KNPI.
For these analyses, PTSD2ya8 dichotomized as yes/no using greater than
30 affirmative responses as a positive indicator of PTSD. Sixteen partici-
pants (10 Ranch Hands, 6 Comparisons) were classified as having PTSD under
this guideline. (Note that this indicator of PTSD was not used as a
covariate for the analyses of MMPI scales, because the variable was based on
the responses used in the calculation of the MMPI scores.)

Current alcohol use (yes/no) and occupation were examined as potential
covariates and are provided in the summary tables for inspection. Current
alcohol use was highly correlated with drink-years, which better explained
the dependent variables under study. Similarly, occupation was highly
correlated with education (p<0.001). Ia this case, education was selected.

Stat:istical Analysis

Minnesota Multiphasic Personality Inventory (HKPI)

The distributions of the Ranch Hand and Comparison groups for the
14 MMPI variables were contrasted using the Kolmogorov-Smirnov nonparametric

* tesits and stratified by occupation (officer, enlisted flyer, enlisted
groundcrev), for a total of 42 tests. Unadjusted analyses were performed
us:ing Fisher's exact test. Covarlate analyses, using Fisher's exact or
Peavson's chi-square test, were conducted for age, race, education, drink-
years, combat index, current alcohol use, and occipation. Logistic
regressioa techniques were used to conduct the adjusted analyses. In 'he
adjusted analyses, all covariates were used as discrete variables with the
exception of age, which was used as a continuous variable. Current alcohol
us3e and occupation were not used in the adjusted analysis. Using a two-sided
a-level of 0.05, and with power of 0.80, the sample sizes are sufficient to
detect a 38 percent increase in the rate of abnormal scores for depression, a
61 percent increase in the rate of abnormal scores for denial, and a 119 per-
cent increase in the rate of abnormal scores for social introversion.

Distributional Analyses

The Kolmogorov-Smirnov tests identified no statistically significant
differences between the Ranch Hand and Compariaon distributions for the
14 MMPI variables at the 0.05 significance level for e-ch occupational
category. Only 2 of the 42 tests even approached significance, mania/
hypomania (Ranch Hand and Comparison officers, p-0.092) and psychopathic/
deviate (Ranch Hand and Comparison enlisted flyers, p-0.088). Results of the
Kolmogorov-Smirnov tests are provided in Tables J-1 to J-3 of Appendix J. It
is noted that stratification by occupation reduced the sample size for each
test and consequently decreased the power; that is, a larger maximum
difference between the Ranch Hand and Comparison distributions is needed to
show significancewhen the sample size is decreased, as is the case when
stratification by occupation is performed.
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Unadjusted and Adjusted Analyses

The unadjuited results, covariate tests of association, and adjusted
results of the analyses for the 14 MMPI variables are summarized in Tables
12-2 to 12-4, respectively. Summary tables, which investigate interactions
involving group, are provided in Table J-4 of Appendix J. The results of the
tests of association for current alcohol use and occupation are presented in
Table 12-3 for inspection, but are not discussed in the text since the
measure of total drink-years was more appropriate for use in the analyses.

Anxiety

The unad3.sted analysis shoved no statistically significant difference
in the anxiety scale between the Ranch Hands and the Comparisons (p-0.311).

The tests of association v'th the covariates, using the pooled group
categorical data, revealed statistically significant effects for age
(pO.O10) and education (p<0.001). For age, 8.4 percent of the participants
born in or after 1942 were scored as abnormal, as were 5.3 percent of those
born from 1923 to 1941, and 4.6 percent of those born in or before 1922. The
high school subgroup had a higher percentage (8.5%) of abnormalities than the
college subgroup (4.42). For the test of association, drink-years was
marginally significant (p.0.058), based on the percent of abnormalities for
0, greater than 0 to 50, and greater than 50 drink-years: 10.0 percent,
5.9 percent, and 8.2 percent, respectively.

In the adjusted analysis, there was no statistically significant dif-
ference between groups (p-0.512). In this analysis, education (EDUC) shoved
a statistically significant effect (p<0.OO1). The interaction, age-by-
combat-index (CI), was also statistically significant (p-0.008). A group-
(GRP)-by-education interaction was marginally significant (pw0.057). Further
investigation of this interaction revealed an adjusted relative risk of 1.39
for the high school stratum and 0.68 for the college stratum. However, these
relative risks were not significantly different from 1.00 (p-O.114, .-O.'33,
respectively). The exploration of this interaction is shown in'Table J-4 of
Appendix J.

Consistency

The unadjusted test of the MMPI consistency scale revealed no statis-
tically significant difference between the Ranch Hand and Comparison groups
(p-0.222).

Based on the tests of association, education was statistically signifi-
cant (p-00.10) with 3.9 percent abnormalities in the high school category and
2.0 percent abnormalities in the college category. In addition, the test of
association with drink-years was statistically significant (p=0.021); the
categories 0 and greater than 0 to 50 drink-years each had a percent abnormal
frequency of 2.7, whereas there were 5.6 percent abnormalities in the greater
than 50 drink-years category.

In the adjusted analysis of the consistency scale, a group-by-education
interaction was statistically significant (p=O.013). Further analysis of the
interaction (shown in Table J-4 of Appendix J) revealed that the high school
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TABL2 12-3.

Association Betvaen N M Variables and the Covariates
in the Combined Ranch Hand and Comparison Gr-mups

Current**
Drink- Combat Alcohol

HMPI Scale Age Race Education Years Index Use Occupation**

Anxiety 0.010 NS <0.001 NS* NS 0.001 <0.001

Consistency NS NS 0.010 0.021 NS NS <0.001

Defensiveness 0.028 0o025 <0.001 <0.001 NS* 0.001 <0.001

Denial 0.037 NS NS NS NS NS NS

Depression NS NS <0.001 0.002 NS NS <0.001

Hypochondria 0.031 0.025 <0.001 0.041 0.027 0.044 <0.001

Hysterit 0.044 NS <0.001 0.006 KS 0.027 <0.001

Mania/Hypomania NS NS NS 0.011 0.001 NS 0.022

Masculinity/
Femininity 0.005 NS <0.001 NS NS NS 0.005

Paranoia 0.022 N4S KS NS NS NS* 0.014

Psychopathic/
Deviate NS 0.001 0.001 <0.001 NS NS* <0.001

Schizophrenia NS NS <0.001 0.014 NS NS* <0.001

Social Introversion 0.003 NS NS* N9 NS NS* <0.001

Validity NS <0.001 NS NS NS* NS NS

NS - Not significant (p>0.10).

*Borderline significant (0.05<p<_0.10).

**Not used in adjusted analyses.
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Ranch Hand category had a marginally significantly higher percentage of
abnormal participants (5.6X) than the high school Comparisons (2.9%)
(p-0.051). The adjusted relative risk for the high school classification was
1.81 with 95 percent confidenct bounds of 1.00 ard 3.28. In contrast, the
percentage of abnormalities in the Comparison college-educated stratum was
higher than the corresponding Ranch Hand subgroup (2.6 percent, 1.4 percent,
respectively), but the difference was not statistically significant
(p.0.110). Age, drink-years (DRKYR), and combat index were also statisti-
cally significant (p.0.007, p.0.026, p-0.041, respectively) in the adjusted
analys4s.

Defensiveness

For the MMPI defensiveness scale, there was no si6nificant difference
between groups, based on the unadjusted analysis (p.0.592).

The tests of association shoved statistically significant differences
for all variables except combat index, which was warginally different statis-
tically. The percentage of abnormalities for the age categories (born in or
after 1942, born between 1923 and 1941, and born in or before 1922) were 3.3,
1.8, and 4.6, respectively (p.0.028). There were 2.3 percent abnormalities
for nonblacks as compared to 5.6 percent for Blacks (p&0.025). The percent
abnormalities for the high school- and college-educated categories vere 3.8
and 1.0, respectively (p<0.001). For the 0 drink-years category, there were
10.0 percent abnormalities; the percent abnormalities for the greater than
0 to 50 and greater than 50 drink-years were 2.4 and 0.6, respectively
(p<0.O01). For combat index, which was only marginally statistically signif-
icant (p.0.093), the percent abnormalities were 3.5 for the low, 2.1 for the
medium, and 1.9 for the high categorizations.

In the adjusted analysis, there was no significant difference between
the Ranch Hand and Comparison groups (p.0.347). In this analysis, the
covariates of education (p<0.001) and drink-years (p<0.O01) vere statisti-
cally significant.

Denial

Based on the unadjusted analysis, there was a statistically significant
difference between the two groups on the MMPI denial scale (p<0.001), with
4.5 percent abnormalities in the Comparison group as contrasted to only
1.7 percent in the Ranch Hand group. The estimated relative risk was 0.36
with a 95 percent confidence interval of 0.21 to 0.63.

The tests of association found only age as a statistically significant
covariate (p.0.037). Men born in or after 1942 and those born between 1923
and 1941 had 3.0 percent and 3.1 percent abnormalities, respectively, as com-
pared to 8.0 percent abnormalities for those born in or before 1922.

The adjusted analysis shoved a statistically significant difference
between groups (p<0.O01). The adjusted relative risk estimate was 0.37 with
95 percent confidence bounds of 0.21 and 0.66. For this analysis, the
education-by-combat index interaction was also statistically significant
(p-O. 0 4 4 ).
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Depression

The unadjusted analysis of the depression scale revealed no statisti-
cally significant difference between the two groups (p.0.272).

In the covariate tests of association, education and drink-years shoved
statistically significant effects (p<0.001, p-0.002 , respectively). There
was a higher percentage of abnormalities in the high school-educated category
(13-1Z) than in the college-educated category (7.2X). For drink-years, the
higheat rate of abnormality was in the highest category of alcohol use
(15.8%), followed by the nondrinker with 10.7 percent abnormalities and the
moderate category with 9.4 percent.

In the adjusted analysis, there was no statistically significant dif-
ferene between groups (p.0.497), but there was a marginally significant
group-by-combat index interaction (p.0.055). This interaction was explored
further and is shown in Table J-4 of Appendix 3. The analysis of the group-
by-combat index interaction revealed a marginal difference within the low (0)
category of the combat index (p.0.055), but not within the medium and high
categories. In contrasting the 192 Ranch Hands and the 490 Comparisons in
the 0 category, there were 14.6 percent abnormalities in the Ranch Hand group
versus 8.2 percent in the Comparisons (p-0.039). The adjusted relative risk
for the 0 category of the combat index was 1.73 with a 95 percent confidence
interval of 1.03 to 2.91. Education (p<0.001) and drink-years (p.0.013) also
exhibited statistically significant effects in the mdjusted analysis.

Hypochondria

There was no statistically significant difference for the MMPI hypo-
chondria scale between the Ranch Hand and Comparison groups (pa0.198).

In the covariate tests of association, all five variables were statis-
tically significant. Of men born in or after 1942, 8.8 percent had abnor-
malities as compared to 12.2 percent and 12.6 percent of those born between
1923 and 1941 and in or before 1922, respectively (p.0.031). The rates of
abnormalities for Blacks and nonblacks were 16.8 percent and 10.4 percent,
respectively (p.0.025). There was a highly statistically significant dif-
ference for education (p<0.001) with the high school-educuted category having
13.9 percent abnormalities and the college-educated category having 7.0 per-
cent. There was also a statistically significant difference for drink-years
(p-.0041). The lowest rate of abnormalities was in the greater than 0 to 50
drink-years category with 9.9 percent; the corresponding percentages for the
0 drink-year and greater than 50 drink-year categories were 12.7 and 14.3,
respectively. The percent abnormalities in the low, medium, and high combat
index categories were 9.8, 9.4, and 13.2, respectively (p.0.027).

The adjusted analysis shoved no significant difference between the Ranch
Hand and Comparison groups (pn0.431). In this analysis, age (p=0.002), race
(p-0.026), education (p<0.001), and combat index (p.0.043) were statist :ally
significant covariates.

12-15



ilysteriu

Based on the unadjusted analysis of the NMPI hysteria stale, the dif-
ference betveen the two groups approached statistical significance (p.0.067'.
The percent abnormalities vere 12.1 and 9.7 for the Ranch Hand and Comparis..n
groups, respectively, The estimated relative risk was 1.29 vith a 95 percint
confidence interval of 0.99 to 1.67.

The covariate tests of association shoved that there were statisticAlly
significant differences for age (p.0.044), education (p<0.001), and driniL-
years (p.O.006). There were 12.6 percent, 12.1 percent, and 8.9 percent
abnormalities in the age categories born in or after 1942, born between 1923
and 1941, and born in or before 1922, respectively. The high school-educated
category had a higher percentage of abnormalities (12.9%) than the rolleg#-
educated category (8.2Z). The drink-years category with the lowest per-
centage of abnormalities was greater than 0 to 50 with 9.6 percent; the
0 drink-years and the greater than 50 drink-years categories had 14.0 and
14.9 percent abnormalities, respectively.

The adjusted analysis also approached significance (p.0.077). The
adjusted relative risk was 1.27 with 95 percent confidence bounds of 0.97 and
1.66. Age and education were statistically significant covariatev in the
adjusted model (p.0003, p<0.001, respectively). Drink-years vas marginally
significant (p.0.068) in the presence of other covariates, but was not
included in the final adjusted model.

lMnia/Hypoamnia

For the unadjusted analysis of the mania/hypomania scale of the MKIPI,
there was no statistical difference between the Ranch Hand and the Comparison 4groups (p-0.611).

In the covariate tests of association, there were statistically signifi-
cant differences for drink-years and combat index (p.0.011, and paO.001,
respectively). For the mania/hypomania scale, the 0 drink-years category had
6.7 percent abnormalities, the greater than 0 to 50 drink-years catagory had
5.8 percent, and the greater than 50 drink-years category contained 10.2 per-
cent. The frequencies of abnormalities increased from the low to the high
level of the combat index; the percentages were 5.0, 5.3, and 9.4,
respectively.

Based on the adjusted analysis, there was no statistically significant
difference between the tvo groups (p.0.203). Drink-years vas a significant
covariate (p.0.006), as was the age-by-combat index interaction (p.0.046).

Nasculinity/Femininity

The masculinity/femininity scale of the NMPI measures the stereotype
"macho" attitudes of the test subjects. There was a statistically signif-
icant group difference for this scale of the MHPI, unadjusted for covariates
(p-0.017). There was a higher percentage of abnormalities in the Comparison
group (9.3%) than in the Ranch Hand group (6.5%). The estimated relative
risk was 0.68, and the 95 percent confidence interval was 0.50 to 0.93.
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There was a statistically significant difference detected for age
(p.O.005) and for education (p<0.001), based on the pooled group data in the
covariate tests of association. The highest rate of abnormalities was found
in men borr. in or after 1942 (10.2%); whereas those born between 1923 and
1941 had 6.4 percent, and those born in or before 1922 had 8.0 percent. For
education, the college-educated category shoved an abnormal rate of 10.3 per-
cent versus the high school category with 6.2 percent abnormalities.

The adjusted analysis also shoved a statistically significant difference
between -he two groups (puO.020), with an adjusted relative risk of 0.69 (95%
C.I.: 10.50,0.951). Education and a race-by-age interaction were statisti-
ca.l' significant in the adjusted analysis (p<0.O01, p-O.008, respectively).
Thene zovariate associations follow expectations.

E',ranoia

The unadjusted analysis of the MKPI paranoia scale did not reveal a
statistically significant group difference (p.0.187).

Based on the pooled group data, the covariate test of association for
age was statistically significant (p.0.0 2 2). There was 3.6 percent abnor-
malities for men born in or after 1942, 2.0 percent for those boen between
1923 and 1941, and tio abnormalities for men born in or before 1922. The
adjusted analysis revealed a significant group-by-age interaction (p=O.036).
The age-by-combat index interaction was also statistically significant
(p-O.O03). The group interaction was examined by combining the participants
born between 1923 and 1941 vith those born in or before 1922, and basing the

* test on two age categories (born in or after 1942 and born before 1942), due
to problems with 0 counts (see Table J-4 of Appendix J). The analysis shoved
a higher percentage of abnormal Ranch Hands than abnormal Comparisons for
participants born before 1942 (2.7% and 1.2%, respectively; p-0.0 2 7). The
relative risk estimate for this age category was 2.63 (95Z C.I.: (1.11,6.201).
In contrast, for the stratum born in or after 1942, the frequencies of
abnormalities were nearly the same in each group (3.7% for Ranch Hands,
3.5Z for Comparisons; pa.0.712).

Psychopathic/Deviate

No significant difference between the two groups vas identified in the
unadjusted analysis of this NNPI scale (p.0.845).

In the covariate tests of association, there were statistically sig-
nificant differences for race, education, and drink-years. There wore
21.0 percent abnormalities for Blacks as compared to 11.1 percent for non-
blacks (p=O.001). For education, there were 13.8 percent abnormalities in
the high school-educated category and 9.1 percent in the college-educated
category (p0-.OOl). The highest rate of abnormalities in tae drink-year
categories was 20.2 percent for the category of greater than 50 drink-years;
the percent abnormalities for the 0 and greater than 0 to 50 categories were
11.3 and 10.1, respectively (p<0.001).

Based on the adjusted analysis, there was no significant difference
between the Ranch Hand and Comparison groups (p=0.780). In this analysis,
education (p0.011), the age-by-combat index interaction (p-O.003), and the
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race-by-drink-year interaction (p.0.015) were statistically significant
adjusting variables.

Schizophrenia

The unadjusted tests showed no significant difference between the Ranch
Hand and Comparison groups for the MMPI schizophrenia scale (p.0. 2 2 8).

Based on the pooled group data, the covariate tests of association
revealed that education (p<0.O01) and drink-years (p.0.014) had statistically
significant effects. The high school-educated category had a statistically
significant higher rate of abnormalities (11.0%) than the college-educated
category (5.4%). For drink-years, the highest percent of abnormalities was
in the greater than 50 drink-year category (12.6%), followed by the 0 drink-
year category with 8.7 percent, and the greater than 0 tc 50 drink-year
category, which had 7.7 percent abnormalities.

In the adjusted analysis, the group-by-education interaction was sig-
nificant (pO.010) (see Table J-4 of Appendix J). The race-by-drink-year
interaction was also statistically significant (p.0.017). Analysis of the
high school and college strata shoved a higher percentage of abnormal Ranch
Hands than abnormal Comparisons in the high school classification (13.4Z
versus 9.5%, respectively; p-0.033). The relative risk estimate for high
school participants was 1.51, with 95 percent confidence bounds of 1.05 and
2.16. The college-educated stratum revealed a nonsignificant group dif-
ference, but the Ranch Hands had a lover rate of schizophrenia abnormalities
than the Ccoparison group (4.1% and 6.3%, respectively).

Social Introversion

BaLed on the unadjusted analysis, the difference between the two groups
approached significance (p=0.069). The Ranch Band group had 2.6 percent
abnormalities as contrasted to 1.5 percent abnormalitias in the Comparison
group. The 95 percent confidence bounds on 'h estimated relative :isk of
1.76 were 0.97 and 3.20.

Age was the only statistically significant covariate (p.O.003). The
participants who were born in or after 1942 hOd a higher percentale of
abnormalities (3.1%) than either those born betveen 1923 and 1941 or those
born in or before 1922; both of these latter age categories had a 1.1 percent
frequency of abnormalities. Education was of margtnal siSnificance (po0.099)
with 2.4 percent of the high school-educated participants scored as abnormal
as compared to 1.4 percent of the college-educated participants. The g:oup-
by-combat index interaction was statistically significant in the adjusted
analysis (p.0.037) (see Table J-4 of Ap~wndix .).

The analysis of the group-by-combat index interaction showed a dif-
ference within the low (0) combat index c tegory with the Ranch Hand• having
a significantly highar percentage of abnormalities than the Comparisuns (5.6%
and 1.2%, respectively; p=0.002). The adjusted relative risk for this combat
index category was 4.86, with a 95 perceat confidence interval of 1.77 to
13.36. The medium and high combat index st:ata shoved no statistically
significant group differences (p-0.478, p=0.677, respectively). In this
adjusted model, age also had a signifisant effect (p.0.004).

12-18



Validity

0 For the MHPI validity scale, the unadjusted tests shoved no significant
difference between the Ranch Hand and Comparison groups (p.0.540).

The covariate-tests of association shoved that Blacks bad a signifi-
cantly higher frequency of abnormalities (35.0X) than nonblacks (20.5%)
(p<0.001). The adjusted analysis revealed a statistically significant group-
by-race interaction (p.0.012). A covariate interaction, age-by-combat index,
was tlso found to be statistically significant (p-0.030). Further investi-
gation of the group interaction disclosed a higher percentage of Black
Comparisons with scores greater than 0 than Black Ranch Hands (42.2%, 25.0X,
respectively), with an adjusted relative riRk of 0.46 (p.0.038, 95Z C.I.:
10.22,0.96]). In contrast, the nonblack stratum revealed a slightly higher
proportion of abnormalities in the Ranch Hands, with an adjusted relative
risk of 1.20 (95% C.I.: [0.97,1.49], p-0.095) (see Table J-4 of Appendix J).

Cornell Medical Index (CHI)

Thrae variables derived from the CMI were analyzed: the total CMI, M-K
subscore, and the A-H area subscore. The total CHI was analysed as a
continuous variable, using a log (X+l) transformation, where X was the number
of affirmative answers. Based on the Koloogorov-Smirnov test, the distri-
butions of thi Ranch Hand and Comparison total CMI scores were contrasted.
For this set of analyses, the data were stratified separately by the covLri-
ates of age, race, education, current alcohol use, and occupation. The
unadjusted analysis of total CMI was based on the tvo-sample t-test. Analy-
sis of varianc* and tvo-sample t-tests were used to analyze the covariatesand the adjusted analysis on the total CRT yas based On Walty31S 0o'
covariance techniques, using SAS*-GLM. Age was analysed as a continunus
variable in the adjusted analysis. Using a two-sided a-level of 0.05, and
with power of 0.80, the sample sizes were sufficient to detect a 10.2 percent
mean shift in the total CMI score relative to the tmean observed in the
Comparison group.

Pearson's chl.-square test was used to conduct the unadjusted analysea
and the covariate tests of association of the F-R subscoru and the A-H area
subszort, which were trichotomized into lbu, medium, wnd high classes. The
adjited analyses of these two variables were conducted by log-linear teci,-
niques using RC9-D4F.

In all three C1I va.Aiables, a higher score is associated with a higaer
degree of abnormality.

The results of the unadjusted analysis, covitiate tests of association,
and the adjusted analyses on the three CHI variables are summazized in
Tables 12-5 to 12-7, respectively. As discussed for the NNPI variables, the
results of the covariate tests of association for currant alcohol use and for
occupation are provided in the summary table for information only.

0
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TAKLI 12-6.

Agvociatia- Detven CM Variablas and the Covariates
in the Coabined Reach land and Comparison Groups

Current*
CMI Drink- Alcohol
Variable Ago Race Education Years PTSD Use Occupation*

Total <0.001 mS <0.001 <0.001 <0.001 <0.001 <0.001
CHI

m-R <0.001 0.022 <0.001 NS* <0.001 0.043 <0.001
Subscore

A-U Area <0.001 MS <0.001 <0.001 0.010 <0.001
Subscore

NS: Not significant (p>O.l0).

NS*t Borderline significant (0.0 5 <p<0.10).

**Not used in adjusted analyses.

0
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Distributional Aalyses

The Kolmogorov-Sairnov tests shoved Vitistically significaat differ-
ences between the Ranch Band and Comparisi, distributions for the total CMI
for one category for each of the covariaees. For age, the distribution of
Ranch Hands born in or after 1942 was statisti tally different from the
corresponding distribution for the Comparisons (p<0.001). The distributions
of the nonblack Ranch Hand and Comparison responses also differed sijuif-
icantly (p.O.0 0 3 ). The contrast of the high school-educated Ranch lan4 and
Comparison distributions revealed a statistically significant difference
(p<0.001). The distributions for Ranch iand and Comparison current drinkers
were also statistically different (p.0.024). For occupation, zhe enlisted
groundcrev distributions for Ranch Hands and Comparisons were statistically
different (p.0.007). Except for the covariate age, all significant differ-
ences in distributions for each covariate were found in the category having
the largest sample size. The results of the 12 K,,mogorov-Smirnov tests are
summarized in Table J-5 of Appendix J.

Unadjusted and MdJusted Aalyses

Total Cornell Nedical Index

Based on the unadjusted analysis, as depicted in Table 12-5, the total
COAI means of the Ranch Hand and Comparison groups were statistically differ-
ent (p<0.O01). The mean, as transformed from the log (X+1) scale, of the
1,000 Ranch Hands was 11.74 as compared to 10.42 for the Comparisons.

0 @The covariate tests of association identified that age, education,
drink-years, and PTSD vere highly significant (p<0.O01 for all). For age,
the (transformed) means of the categories shoved an increase; the means of
those born in or after 1942, betveen 1923 and 1941, and in or before 1922
were 10.08, 11.49, and 14.53, respectively. The mean of the high school-
educated category (12.97) was statistically higher than the mean of the
college-educated category (8.99). The mean of the Creater than 50 drink-
years was 14.49 as coupared to means of 10.37 and 10.34 for the 0 and greater
than 0 to 50 drink-years, respectively, The mecn of the participants with, a
positive measure of PTSD was 71.77, whereas 10.83 was the mean of ttlse
without a positive measure of PTSD.

In the adjust-.4 analysis, there was a significant group-by-education
interaction (p-O.43). Further analysis of the Interaction (see Table J-4 of
Appendix J) shoved that the high school-educated Ranch lands had a higher
adjusted mean total CHI than the high school-educated Comparisons (p<0.001).
No significant difference was seen in the collage stratum. PTSD was a
significant covariate (p<0.001). The covariate interactions, race-by-drink-
years and age-by-education, were also significant in the adjusted model
(p-0.039, p-0.005, respectively).

N-i Subscore

The rtsults of the unadjusted analysis on the M-R subscore, an indicator
of emotional health, revealed no significant difference between groups

* (p-.0252),
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The covariate tests of association on the pooled group data shoved that
age (p(0.001), race (p.0.022), education (p(O.001), and PTSD (p<O.001) vere
statistically significant covariates. For age, participants born in or after
1942 had a higher percenrage of scores greater than 0 vhen compared to the
other categories. Blacks had a higher percentage of scores greater than 0
than nonblacks. For education, the college-e~ucated category had a higher
percentage of 0 scores. The M-R subscores vere distributed differently for
participants vith and vithout PTSD. For example, 15 of 16 participants vith
PTSD had an N-R subscore greater than 10, vhereas only 4.2 percent of the
participants vithout PTSD had a similar score. Drink-years shoved a margin-
ally significant effect (p.0.054); the greater than 50 dzink..year category
exhibited the largest percentage of participants vith scores greater than 0.

No significant difference betiren the two groups vas identified in the
adjusted analysis. There vas a marginally significant group-by-education
interaction (p=0.067). Further investigation of this interaction (see Table
J-4 of Appendix J) shoved a significant difference for the high school-
educated stratum (p.0.030) but not for the college-educated stratum. This
difference results from the contrast cf the medium (1 to 10) and low (0)
categories, vith the Ranch Rands having a higher percentage of participants
in the medium category for the M-- subscorQ than in the low category (Adj.
RR: 1.37, 95Z C.I.: [1.07,1.751, p=O.014 ). In this analysis, age, education,
and PTSD vere highly significant adjusting variables (p<0.001 for all).

A-I Area Subscore

Based on the unadjusted results, the A-H area subscore--an indicator of
diffuse medical probleas--revealed a significaut difference betveen the Ranch
Hand and Comparison groups (p-O.003). This was due to the increased percent-
age of Ranch lands over Comparisons in both the medium (I to 3) ana the high
(4 to 8) categories (p-0.003, pO0 . 0 1 3 , respectively).

The covariate tests on the A-8 area subscore shoved that age, education,
drink-years, and PTSD vere highly significant covariates (p<0.101 for all).
Older participants (born in or before 1922) had the lovest percentage of
0 scores. The college-educated category had a higher percentage of 0 stores
than the high school-educated category. For drink-years, the lovest perctnt-
age of 0 scores vas in the greater than 50 drink-years category. Tvelve of
16 participants vith PTSD had scores of 4 to 8, as compared to 9.7 percent of
participants vithout PTSD.

Results of the adjusted analysis vere similar to the unadjusted analysis
and indi-.ated that the tvo groups vere statistically different (p-0.040).
The overall group difference vas predominately due to an inc.reased adjusted
percentage of Ranch Hands over Comparisons in the medium (I to 3) versus lov
(0) contrast (pO.011). The adjusted relative risk for this contrast was
1.27 vith 95 percent confidence bounds of 1.06 and 1.53. In the adjusted
model, age, education, and PTSD vere significant covar.ýates (p<0.O01 for
all); drink-years vas also statistically significant (p.0.014).

Salstesd-fteitan Battery (MA*)

The unadjusted analysis of the impairment index, the one variable from
the BEE, vas performed by using Fisher's exact test. Fisher's exact test and
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Pearson's chi-square test were used to conduct the covariate tests of asso-
ciation. The adjusted analysis was based on logistic regression techniques
using BRDPO-LR. The results of the analyses of the ORB impairment index are
sumarized in Table 12-8.

The unadjusted contrast of the 1,006 Ranch Hand scores and the 1,283
Comparison scores for the Hil impairment index revealed no statistically
significant group differences (p.0.533).

The covariate tests of association shoved that age, race, and education
were highly significant ccvariates (p<0.001 for all), and drink-years also
,ýs statistically significant (p.0.002). For age, the highest percent
frequency of abnormalities was in the category of participants born in or
before 1922 (06.3%); the corresponding frequencies far the participants born
between 1923 and 1941 and for those born in or after 1942 were 38.3 percent
and 25.1 percent, respectively. Blacks had a significantly higher percentage
of abnormal scores, with 57.1 percent as compared to 32.3 percent for non-
blacks. The college-educrt-d category had a 22.3 percent frequency of
abnormalities versus 43.5 percent for the high school-educated category.
Vith respect to drink-years, the h~ghest percentage of abaormalitiez (41.2%)
was for greater than 50 drink-years; the 0 drink-year add greattr th&n 0 to
50 drink-year categories had 38.0 percent and 32.0 percent, respectively.

There was no significant difference identified between the two groups
based on the adjusted analysis (p.0.697). Age, race, and education were
statistically significant covariates (p<O.OOl for all).

," - IVf AMALYSBU

Uxposure index analyses vere conducted vithib each occupational cohort
of thei RMAch Band group (see Chapter 8 for details on the exposure index).
All variables, except the total CHI, were investigated, (unadjusted for any
covariates), using Pearson's chi-square test and Fisher's exact test.
Analysas of tht total CKI were accomplishcd by t-tests and analysis of vari-
ance and covariance techniques. A log transformation vaj used in both
adjusted and unadjusted analyses, and participants vith PTSD were deleted.
Adjusted analyses were performed using logistic regression, incorporating the
covariates of race, age, education, and drink-years, as well as any signif-
icant pairvise ir.teractions betvGen the exposure Index and these covariates.
Age was treated as a continuous variable in the analyses. For the HlMP vari-
ables, combat index was also included as a covariate. For the MtD impairment
index, participants classified as having PTSD vexe deleted from the analysis.
The N-R subscore and the A-I area subscore vire collapsed into 2 categories
for analysis: 0 and greater than 0. Participants vith PTSD wei• also
deleted from this analysis.

Overall significance in the proportion of abnormalities among the
exposure index levels of lov, medium, and high vas determined, as well as
contrasts in the proportion of abnormalities between the medium and low
exposure levels, and betveen the high and low exposure levels. Results of
the adjusted analyses are presented in Table 12-9, and parallel results for
unadjusted analyses are pwesented in Table J-6 of Appendix J. Results from
further study of exposure index-by-covariate interactions are given in Table
J-7 of Appendix J.
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Unadjusted analyses revealed a borderline significant difference betveen
* the high anad lov exposure levels for asculinity/fomininity in officers 'Est.

RR: 2.38, 95% C.I.: [0.94,6.061, p.0.075), and for the total CHI in offiars
(lov mean: 7.99, high mean: 10.04, p-0.018; everall p-value: 0.049). These
data supported an increase in the proportion of abnormalities vith increasing
exposure levels. Other significant or marginally significant results vere
associated vith a decrease in the proportion of a5normalities vith an
increase in exposure level.

The frequency of abnormalities for the different exposure index levels
exhibited no graduated pattern across exposure levels. Vithin the off 4 cer
stratum, five variables deivonstrated an Increasing dose-response relation-
ship, although usually nonsignificant; hovever, four variables shoved the
opposite pattern, that is, a decreasing proportion of abnormalities vith
increasing exposure levels.

Fev significant results vere obeerved in the adjusted analysis, as in
the unadjusted analysis. The medium level of the .MS i;a*irsent index for
enlisted flyers shoved an increased relative risk over the lov level (Adj.
RR: 2.28, 95% C.I.: [0.96,5.",It p-0.0 6 3). Many exposure index-by-covariate
interactions vere present, hovever ,hi.h prevented a direct comparison.

Interactions vere present for 13 of the 18 variables, but no occupa-
tional stratum vas predominant. A summary of these interactions is presented
in Table 12-10.

TABLU 12-10.+

Summary of xpomwa e Iadez-by-Coemriate Interactions
in Adjusted Analyse of Psyhlogical Variables

Variable Occupation rovariate p-Value

Anxiaty Enlisted Groundcrev Race 0.020
Denial Officer Ag 0.048
Depression Eniisted Groundcrev Race 0.050
Hypochondria Officer Education 0.005
Hypochondria Enlisted Groundcrev Race 0.033
Hysteria Officer Education 0.018
Hysteria Enlisted Groundcrev Race 0.007
Mania/Hypomania Officer Drink-Years 0.015
Hasculintty/Feminity Officer Education 0.018
Paranoia Officer Age 0.04
Paranoia Enlisted Flyer Age 0.004
Paranoia Enlisted Groundcrev Race 0.055 (marginal)
Psychopathic/Deviate Enlisted Grounderev Education 0.040
Total CHI Officer Drink-Years 0.034
Total CMI Enlisted Flyer Education 0.021
Total CMI Enlisted Flyer Drink-Years 0.021
H-R Subscore Enlisted Flyer Drink-Years 0.042
A-H Area Subscore Enlisted Flyer Education 0.009
A-H Area Subscore Enlisted Flyer Drink-Years 0.004

* RB Impairment Index Enlisted Groundcrev Race 0.031
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Significant or borderline significant results in these interactions,
suggestive of a dose-response relationship (i.e., increasing abnormalities or
more abnormal means as exposure increases), were as follovs:

(1) aystsris in eolle•g-educated officers, overa)l p-value a 0.025;
high versus luv contrast (Adj. RR: 3.49, 95% C.I.: [1.17,10.321,
pM.02 4 ); increase in the proportion of abnormalities with
increasing exposure levels.

(2) Mania/Hypomania in officers vith greater than 50 drink-years, high
versus low contrast, p.0.067; analysis affected by sparse cell
sizes, hovever.

(3) Masculinity/Femininity in college-educated officers, medium versus
low contrast (Adj. RR: 3.05, 951 C.!.: [1.01,9.081, p-0.048);
increase in the proportion of abnormalities vith increasing
exposure levels.

(4) Total CHI in high school-educated, nondrinking, enlisted flyers,
medium versut loy contrast, p0.018.

(5) Total CMI in colleg-educated, nondrinking, enlisted flyers,
overall p-value 03.060; analysis affected by sparse cell sizes,
however.

(6) M-R subacore in nondrinking, enlisted flyers, overall p-valut -

0.060; analysis affected by sparse cell sizes, however.

(7) A-5 area subscore in high school-eeucated, nondrinking, enlisted
flyers, overall p-value - 0.007; analysis affected by sparse cell
sizes, however,

(8) EBB impairment indox in nonblack enlisted groundcrev, medium versus
low contrast (Adj. RR: 1.88, 9.5 C.I.t [1.09,3.25!, p-0.024).

All other significant interaction results vere not consistent with a
dose-response relationship.

In sumamry, no consistent or strong patterns of increasing dose-response
relationship were evident throughout the psychnlogical exposure index
analyses.

LOWITI MNLYS38

Two scales for the MHNFI, depression and denial, *ere significantly
different by group at Baseline and were investigated to assesa the longi-
tudinal differences betveen the 1982 Baseline examunation and the 1985
follovup examination. Both variables are scores and were classified ts
abnormal or normal according to criteria given previ'ously. these variables
have been stratified by education level. As shown Wu Table 12-11, 2x2 rables
vwre constructed for each group for each variable. These tables shoy the
number of participants vwio were abnormal at Baseline and abnormal at
follovup, abnormal at Baseline and normal at follovup, normal at Baseline and
abnormal at follovup, and normal at both Baseline and follovup examinations.
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1982 1985

Vaiabl~e B&mztm Jen kuV a w ratio (CR)* (ak vs/sý)

IDpwuim h1. R Hand Ahwmil 59 48 0.65
WWI.1 .4xin1 31 570

0.04
QOWrism Ah!~i1 4 43 1.21

NOMMI 52 695

cuMW ranch Hwd hb 1m- n1 9 1.11
Kocinl 10 227

0.73
Omriaaim hbu1m 7 11 1.36

t~1 .ý 276

Nidal hio RmIHd Akbnoml 2 5 2.2D
sduol NOMI1 1 690

0.56
0qpriaim Abvml 6 10 3.2D

Nm~1 786

College Rwdi Hw Ahxwtoni 0 3 1.67
tMun 5 249

0.32
O~mW m Abwmlu 5 3 4.33

W1 13 230
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The odds ratio *iven is Lhe ratio vi the number of participants who were
normal at the Baseline and Abnormal at the follovup to the number of partic-
ipants vwo were abnormal at tne Baseline and normal at the follovup (the
"off-diagonal" elements). The changes in normal/abnormal status within each
group are contrasted betveen the Ranch Hand and Comparison groups, and the
p-value is derived.from Pearson's chi-square test of the hypothesis that the
pattern of change in the two groups is the same.

The data shoved a significant diffcrence (p.0.0 4 ) in'the depression
scores in the two groups between examinations for the high school-educated
szratum: significantly more Comparisons developed depression in the
interval. Tha percntage of Ranch Hands with abnormalities for depression
decreased from the Baseline exawination to the tollovup examination, in
contrast to the Comparison group, which showed an increa3e in depuession
abnormalities. N- significant difference in the pattern of change for
depression was found ;n the college-educated stratum, nor were any signif-
icant differences observed for denial.

DISCS.ION

The MMPI is a comprehensive, self-administered questionnaire containing
566 questions that broadly assess behavior, personality, and validity and
consistency indicators of the responses. The IMPI data are divided into
14 scales that are not mutually exclusive for specific questions. In this
study, an additional HMPI scale for the characterization of PTSD is used to
identify highly correlated combat experiences of the participants. Four
combat questions were s6lected as a surrogate measure of PTSD, and an index
of these questions is used as a covariate I- all of the adjusted analyses of
the KMPI subscales.

Distributional testing for the 14 scales of the I¶HPI, stratified by

occupation, yielded no significant differences or discernible patterns
between the two groups. In contrast, both unadjusted and adjusted analyses
showed significant group differences for the denial and masculinity/
femininity scales, vith the Comparisons having higher proportions of abnor-
salities than the Ranch Hands. Also, borderline significant associations

(0. 0 5<p<0.10) were observed foc the hysteria and social introversion scales,
with thi Ranch Hands having slightly higher proportions of abnormalities than
the Comparisons. The discrepancy in results between Kolmogorov-Smirnov
distributional testing and the refined statistical models was also noted in
the 1984 Baseline Report.

The unadjusted and adjusted results were completely comparable with
respect to group differances when direct contrast was possible, i.e., when no
group-by-covariate interactions vere present. Of the seven group inter-
actions noted in the adjusted analyses, three involved the covariate of
education, with the high school-educated Ranch Hands faring vorse than high
schuol-educattd Comparisons. Further, the high school strata usually

exhibited a higher frequency of abnormalities than the college-educated
'trata. Overall education shoved a profound effect either •, a main effect

or by an interaction with another covariate. The strong influence of
education was also detected in the Baseline data. Analyses using only the
Original Comparisons often shoved stronger group differences than the
analyses based upon the total Comparison group (see Tables J-13 to J-18 of
Appendix J).

1

12-40



A direct comparison of the MMPI results betvaen the Baseline and
*!ollovup exarinations is hampered by the small change in cohorts and the
difference in statistical models. In general, at the follovup the Ranch
Hands manifested more MWP1I scale abnormalities than the Comparisons, as
judged by the number of, relative risks greater then one. Hovever, the highly
significant results for the denial scale, with the Comparisons having a
higher preK,::-Aon of ab~oraalities than the Ranch Hands, suggested that the
Comparisons Aay bM underreporting on all of the MMPI scales, and consequently
ajre relative risks graater than one would be expected. A contrast of the
adjusted Baweline KNPI resulti to the adjusted (and unadjusted results where
interactions are noted in thm adjusted tests) results of the follovup suggest
a relatively consistent patte=n of narroving group differences over time
(e.g., hypochrondria, depression, hysteria, schizophrenia scales), either by
a decrease in Ranch Hand abncraalities or an increase of Comparison abnor-
malities. This trend was a'.so suggested in the longituainal analysis of two
scales (depression and denial) although only the *favorable" Ranch Hand
change in depression fe•: the high school stratum resched statistical signif-
icance. Overall, the follovup MMPI data suggested a subtle, but consistent,
decrease in reporting of concerns (or strength of concerns) in the Ranch
Hands.

Only 16 participants were identified as possibly having PTSD by the MNPI
subscale. Further, only 4 of 15 combat experience questions manifested
strong correlation to these possible PTSD cases. Most PTSD surveys have
focused on U.S. Army ground personnel, obscuring direct comparisons to U.S.
Air Force personnel becauae of inherent differences in combat experience,
education, proportion of officers, and career motivation.

The CHI revealed a significant group difference for the total score and
the A-H area subscore, with the Ranch Hands exhibiting higher mean scores or
higher frequencies of abnormal scores. There was no group difference for the
M-R subscore. These results differed slightly from the distributional teats
which shoved one statistically significant stratum, where the Ranch Hand mean
was greater than the Comparison mean, for each covariate (see Table J-5 of
Appendix J). Because the Baseline CHI was in a different format, direct
comparison of each psychological parameter to the follovup CHI is not
feasible. However, the Baseline CHI noted rtatistically significant group
differences for 5 of 10 parameters, which is ii approximate accord with the
magnitude and direction of the results found at the follovup examination.
,his analysis of the total CHI analyzed at follovup has sufficient statis- •
tical power to detect a mean dtiference of one responso out of 195 questions
(0.5Z difference, at pover0..8) betveen the groups. Education showed the
same profound effect on the adjusted analyses as was noted at Baseline.

The functional integrity of the CNS, as measured by the HRB impairment
index, shoved no significant group differences. There was similarity (Adj.
RR: 1.04, 95% C.I.: (0.86,1.251, p-0.697) in results of the impairment index.
As in the Baseline analysis, education was a major covariate in the follovup
examination; the additionally strong effects of age and race were also noted
at the follovup examination. Although valid differences exist betveen groups
for some measures, there is no indication that these differences are manifest
or confirmed by impaired CNS function, a reasonable medical expectation for
chemically induced neurobahavioral pathology. Adjustment of the HRB results
for ?TSD (not feasible at the Baseline analysis) suggests that some group
differences lack organic basis.

0
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SUNKUY AMCO•Wc LUSIOS

Questionnaire data (verified by medical record revievs) for the lifetime
events of psychotic illness, alcohol dependence, anxiety, or other neuroses
disclosed no significant differences betveen groups for these conditions.

Analyses of the follovup psychological examination emphasized 14 scales
from the Minnesota Multiphasic Personality Inventory (MMPI), 3 parameters of
tho Cornell Medical Index (CHI), and the aalstead-Reltan aattery (iBJ)
impairment index.

The similarity of the group distribution for the 14 HMPI variables, each
stratified by the 3 occupational categories, vas examined, and only 2 of the
42 tests a11proached statistical significance. The group distributions of the
total CHI score vere similarly contrasted, vith separate analyses performed
vith stratification by the five covariates of age, race, occupation, edu-
cation, and current drinking status. For one stratum of each of these
covariates, a significant difference in the distribution of the Ranch Hand
and Comparison scores vas found. In all cases for the CHI, the Ranch Hand
man vas greater than the Comparison mean. Distributional analyses using
Original Comparisons generally reflected the same results as those Involving
ýhe total Comparison group.

Results of unadjusted and adjusted analyses on all of the 18 psycho-
logical variables are given in Table 12-12.

The unadjusted analyses shoved a significant difference for the HMPI
scales of denial (p<O.O01) and masculinity/femininity (p.0.017), the total
CMI (p<O.001), and the. Section A-H area subscore (p.0.003). A borderline
significant difference vas observed for the MMPI scales of hysteria (p.0.067)
and social introversion (p-O.069). Comparisons had a greater percentage of
abnormal scores for the denial and masculinity/fomininiity scales, vhereas
Ranch Hands shoved adverse findings for the other four variables. The over-
all MMPI results have been interpreted in light of the significant increased
denial in the Comparison group.

The covariates age, education, drink-years, current alcohol use, and
occupation had pronounced effects on the psycholegical variables, vith a
significant associati.n or a borderline significaks: aasociation vith at least
two-thirds of the 18 psychological variables. Many dependent variables in
this chapter vere affected by age in an expected pattern. Very few variables
exhibited this pattern of consistency vith drink-years. The intermediate
category of greater than 0 to 50 drink-years often had the smallest propor-
tion of abnormalities. The post-traumatic stress disorder (PTSD) variable,
derived from a subset of the MMPI, vas strongly associated vith the CHI
masures, but not vith the HR3 Impairment Index. Race and the Vietnam combat
index (used for the MMPI subscales) had significant associations vith a
lesser amount of the psychological variables (6 of 18 variables and 3 of 14
variables, for race and combat index, respectively).

The adjusted analyses vere generally quite similar to the unadjusted
analyses vith respect to group differences, although a direct comparison of
these analyses vas often clouded by the presence of a substantial number of
interactions (six group-by-covariate interactions vere significant, and three
interactions approached significance [O.05<p<0.101). The MMPI scales of
denial and sasculinity/feaininity vere statiitically significant in both the

1
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TAKLZ 12-12.
SOrerall Summary Results of A~djusted and Unadjusted

Analyses of hyehlogical variables

Direction of
Variable Unadjuted Adjuustd Results*

Quos tionnaire:

Psycho=ogli"al Illness NS

Psychological Examination:

MNPI
Anxiety NS NS
Consistency NS
Defensiveness NS NS
Denisl <0.001 <0.001 C>RH
Depression NS NS
Hypochondria NS NS b

Hysteria NS*, NS* Rt>C
antial/Hypomania NS NS

Masculinity/Femininity 0.017 0.020 C>FH
Pmranoia NS ***t
Eqchopathic/Deviate NS NS
Schizophrenia NS b
Social Introversion NS*b R•>C

SValidity NS

CHI

Total CHI <0.001 Id*>C
N-R Subscore NS KS
A-H Area Subscore 0.003 0.040 i>C

HRB
Impairment Index NS NS

"PRH>C - more abnormalities in Ranch Hands; CORH - more abnormalitits in
Comparisons.

b Illnesses itclude psychosis, alcohol dependence, anxiety, and other neuroses.

-- Analysis not performed.

NS: Not significant.

NS*: Borderline significant (0.0 5 <p<0.10).

****Interaction involving group.
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adjusted and unadjusted analyses, where Comparisons showed an adverse effect
over Ranch Hands. The A-H area subscore of the CMI (suggesting diffuse
medical pcoblems) was also significant, where the Ranch Bands had higher mean
scores than the Comparisons, suggesting the Ranch Hands had more illness.
Education v'as often involved in significant group interactions with high
school-educated Ranch Hands demonstrating a higher percentage of abnormal
scores than high school-educated Comparisons. No qrcup differences were
observed in the college-educated stratum. The M.R aubscore of the CMI, a
broad indicator of emotional health, was not statistically different between
the two groups.

The HRB impairment index, a measure of central nervous system (CNS)
functional integrity, did not differ significantly between the Ranch Hand and
Comparison groaps. Strong covariates in the adjusted analysis were age,
race, and education.

Because of alternate statistical models and slightly different psycho-
logical testing parameters, a direct contrast between the psychological
results of the Baseline and followup examinations was not always possible.
However, several broad patterns were observed: (1) the discordance between
distributional tests and results from traditional statistical models of the
MMPI variables was noted with data from both examinations; (2) there was a
narrowing of group differences at the follovup examination for most subjec-
tive variables, either by a decrease in Ranch Hand reporting, or by an
increase in Comparison reporting; and (3) as at the Baseline, functional CNS
testing, as measured by the BEE impairment index, shnwed no group differ-
ences, and did not support an organic basis for differences in self-reported
symptomatology. The longitudinal analysis of two MMPI scales, depraisicn and
denial, shoved a significant reversal of depression seen at Baseline in the
high school-educated Rasach Hands.

The determination of PTSD in both Air Force cohorts by a relatively new
MMPI scale i.hoved a prevalence rate of less than 1 percent. This low rate is
strongly influenced by characteristics of the study population (t.g., .ge,
education, and officer ratio).

Unadjusted exposure index analyses did not reveal any patterns
consistent with a dose-response relationship. For the adjusted exposure
analyses, approximately one-third presented exposure interactions with the
covariates of race, education, and age, but no consistent pattern could be
identified.

Li conclusion, some test measures of psycholngical health (MMPI and CMI)
did not show substantial adve;se effects for either group. Significant test
results were present in both groups or were noted in specific subgroups of a
covariate. Educational level, age, and alcohol use shoved stKong effects on
the psychological scales and scores in this psychological assessment. There
was a subtle but consistent trend for more favorable subjective test results
at the followup examination for the Ranch Hands relative to the Comparisons.
Testing of the CNS by the HRB demonrsrated an almost identical prevalence of
pathology in both groups.

1
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WIAFTU 13

CASmOINTITNuALsu

INTRODUCTION

This Psttste assessment centers on reported peptic ulcer and liver
disease, and current hepatic function and porphyria. as determined by
comprehensive laboratory testing. The liver is a major target organ for
single high-dose and continued low-dose exposure to chiorophenols and TCDD.
Peptic/stooach ulcer disease and porphyria cutanea tarda (PCT) are suspected
clinical andpoints follov4.ng moderate- to high-level exposures.

A variety of axperimental animal studies -5 have demonstrated hepatic
dysfunction anid porphyria following a wide range of exposures to If=D. The
%ffects of exposure, as measur~ed by enzymatic change, however, generally
appear to be more related to species than to dose and route of adminis-
trat ion.

Gross organ pathology in the digestive system and associated clinical
symptom* have been observed following TCDD oral admi~alstration to (or acci-
dcntol ingestion by) animals, Pathological lesions have Included gastric

* ulcers, metaplasia of the gastric mucoxa, ileitus, hepatic hypertrophy and
degeneration, hepatic parenchymal. cell necrosis, aqzd hepatic lipid accu-
mulation.

Se~ientiflc Interest has centered on changes In hepatic enzymes following
TCDD administr~ation. Clearly, TtIMD has proved to be an exceptional inducer
of hepatic enzymes and mixed function oxidases, and a powerful inhibitor of
other ansymes. Specifically, the induction of cytochrome P-450, a ferro-
cytochrou. enzyme, by TCDD has been demonut~rated in many species and most of
their ýivaaiss. Further, marked Increnses In cytochroms P-450 have been
implicatcd in the mechanisr. of hepatotoxicity, although other factors, sicth
as genetic susceptibility via the Ala locus, iron llvfls, and lipid peroxi-
dation (bu~t not vitamin A), are also contributory.

TCIND hap also been shown to produce hepatic porphyeia in animals by a
reduction 4n uroporp~yfjnogen decarboxy~lase, possibly due to the activation
of the P-450 enzyme. The porplayriogenic. effect of TCDD his also been
influoncefby3 genetic susceptibiltty, iron levels, sex, and ambient tem-
perature. In correlation with some hylan studies, hexachlorobenzene was
found to be more porphyriogenic than TCDO.

Numerous: morbieity itudits, predominantly from the industrial sector,
have noted significant abnormal liver funettbn In exposed workers, with and
without the presence of clinical hepatic disease. Abnormal liver function
test results have been found for direct bilirubin, alkailine phosphatase,
triglycerideb, cholesterol, serum glutaric-oxaloacetic transaminiaff~lG0T),
gamma-glutamyl transpeptidase (GGTP), urine d-glucaric acid, aet. ' The

* consistent finding of elevated cholesterol levels may have predictive signif-
icance with respect to future heart disease (see Chapter 15), but at pýýestnt
there is no evidence for this.
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Contemporary studies have focused on tvo indirect measures of hepatic
microsoma). activity, GGTP and urine d-glucaric acid. In the study of the
English industrial incident, several Seveso investigations, and the two
studiev of the Monsanto plant in Nitro, Vest Virginia, there was modest
agrowient in observiif ,Jeyt1 GGTP and urine d-glucaric acid levels in
exposed individuals. Common to all studies vas the observation
that individuals vitb chloracne *.nifasted significantly more abnormal liver
function teats than exposed individuals without chloracne or unexposed
individuals, suggesting a link to TCDD exposure.

Several industrial studies have shown altered porphyrin excretion
patterns (predominantly an increase in uroporphyrII)2,r clinical evidence of
PCT, particularly in chronically exposed workers. Individuals with low
chronic exposure or high acute exposure (Seveso) have not shown these signs.
Further, detailed reviews of the suspected association have identified the
following scientific study design and interpretive probleas: (1) multiple
etiologies of PCT or abnormal porphyrin excretion patterns (chemical
exposure, genetic makeup, alcohol consumption), (2) misdiagnosis of PCT, and
(3) confounding of chemical exposures for the industrial cohorts.

Some investigators believe that the ICT cases found in the early U.S.
and European g&udies were more likely caused by exposure to chlorobenzenes
than to TCW." Overall, the evidence at present is inconclusive to
establish a causal association betveen PCT and TC)D exposurp.

A recent industrial study based on questionnaire data bs suggested an
asociation of stomach/peptic ulcers with exposure to TCDD.' This finding
at the Monsanto plant differs from similar research using a slightly dif-
ferent cohort at the Ime plant which produced a negative conclusion on
peptic ulcer disease. The gastric ulcer-TCDO association has not been
reported in other cohort dioxin morbidity studies, but ulcer disease has
generally not been a major research focus. The preliminary gastric ulcer-
TC association is fortified somewhat by studies that have shown significant
gastric nucosal damage in monkeys following oral administration of TCDD.

Bameline Sumary Result

The 1982 APIS examination conducted an extensive evaluation of hepatic
status by questionnaire, physical examination, and laboratory testing. The
questionnaire elicited data on liver conditions, liver disease, and symptoms
compatible with PCT, as well as detailed information on PCT risk factors
(e.g., alcohol consumption, chemical exposures). The physical examination
measured hepatomegaly when presLnt and Jetermined liver function and por-
phyrin patterns by a comprehensive battery of 12 laboratory tests.

The questionnaire shoved that 'Ranch Hands reported more miscellaneous
liver conditions (verified by medical record reviews) and more skin changes
compatible with PCT than their Comparisons. Although the ?CT-reported data
were statistically significant, no cases of PCT were diagnosed at examination
in either cohort.

The physical examination detected a twofold increase in hepatomegaly in
the Ranch Hands, but the numbers were small and not statistically signifi-
cant. Many of the laboratory test results demonstrated statistical inter-
actions with the covariates. These interactions can be interpreted as being
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suggestive of an herbicide effect. Ranch Hands had slightly higher GGTP and
* lactic dehydrogenase (LDE) results and lover cholesterol levels; no dif-

ferences were found for bilirubin or alkaline phosphatase levels.

SGOT, serum glutamic-pyruvic transaminase (SGPT), an LDH results in the
Ranch Bands interacted with the covariates alcohol, degreasing chemiculs, and
industrial chemicals differently than they did in the Comparisons. All of
these tvo-fac.or interactions vere statistically significant (p<O.05). There
vere no significant group differences in uroporphyrin, coproporphyrin, or
d-aminolevulinic acid levels, nor did any test set support a diagnosis of PCT.
Exposure antlyses vere essentially negative.

The comprehensive hepatic evaluation did not reveal any consistent
pattern of significant liver damage in the Ranch Hand group. Nevertheless,
because of subtle profile differences in conjunction with questionnaire
results and recent literature citations, the gastrointestinal system con-
tinues to be targeted for intensive examination throughout all phases of the
follovup effort.

Parrmeters of the 1985 Gastrointestinal Asses$ ment

The 1985 AFUS examination continued the emphasis on hepatic function and
expanded the porphyrin test battery to six assays. In addition, new compo-
nents were added to the questionnaire to assess past and current diagnosed
peptic ulcer disease, along with a series of screening questions to assess
possible undiagnosed disease. Covariate data on aspirin usage, blood group,
and family history of peptic ulcer were likewise obtained. Additional probes

* on intestinal parasites, gallbladder disease, and other liver conditions were
also added. Because of the known profound effects of alcohol ingestion on
hepatic function, a detailed alcohol consumption history vas obtained by
questionnaire.

Thus, the dependent variables and covariates in the analyses bwlov
reflect a substantial enhancement over those assessed in the 1982 Baseline
examination. Because of the effects of increased body temperature and
past/current hepatitis B on some liver function tests, participants with a
fever of 100 or more degrees Fahrenheit and/or a positive hepatitis B surface
antigen (Hs Ag) test were excluded from the analyses. Categorization of
continuous clinical variables to dichotomous variables was largely accom-
plished by use of normal test values from the SCRF laboratory. Minor numeric
differences in the tables that follow are due to an occasionally missing
value.

The analyses are generally based on 1,009 Ranch Bands and 1,289 total
Comparisons after removal of the febrile and positive RB Ag participants.
The statistical. analyses relied largely on general linear models (SASe-GLM),
logistic regression techniques (BHDPe-LR), and log-linear models (BHDPO-4F).
Parallel analyses using Original Comparisons are found in Tables K-7 to K-16
of Appendix K.

RESULTS AMD DISCUSSION

This chapter, entitled "Evaluation of Hepatic Status" in the Baseline
Report, incorporates the new elements of peptic ulcer disease and mortality
from diseases of the digestive system; hence, the chapter name change to
"Gastrointestinal Assessment."
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Because of the Importance of gastroin'estinal disorders, numerous
historical and laboratory variables were chosen for evaluation. The analyses
are reported in the following order: questionnaire data, mortality data,
physical examination findings, laboratory results, exposure index analyses,
and representative longitudinal analyses.

Qtaestionnaire Data: Liver Disorders

At the follovup examination, each participant van asked whetha' he had
developed hepatitis, Jaundice, cirrhosis, or other liver disorders during tae
interval 1982 to 1985. Affirmative responses were subsequently subject to
verification by medical record reviews.

Since the Baseline interview, eight Ranch Hands and five Comparisons
cited a verified history of hepatitis (p.O.264); four Ranch Hands and five
Comparisons reported a subsequently verified history of enlarged liver
(po0.999); one from each group noted a verified symptom of Jaundice; one
Ranch Hand cited a confirmed interval histcry of cirrhosis; and six Ranch
Hands and six Comparisons gave verified histories of seven miscellaneous
liver disorders (p.0. 7 74 ). Table 13-1 presents the ICD code and descriptive
diagnosis of the miscellaneous liver disorders by group.

Because the number of respondents with new liver disorders was small and
pr luded meaningful analyses, the verified interval history was added to the
verified Baseline history to assess possible lifetime differences for liver
disease. These combined results are presented in Table 13-2.

On the basis of combined data, the verified questionnaire responses for
historic hepatitis, Jaundice, cirrhosis, enlarged liver, and miscellaneous
liver disorders did not vary significantly between the Ranch land and
Comparis'.. groups. The results for miscellaneous liver disorders diffeaed
from the 4aseline findings. At Baseline, significantly more Ranch Hands than
Original Comparisons had a verified liver disorder other than Jaundice,
hepat' s, or cirrhosis (13/1,045 versus 1/773; p-O.006). Subsequent to
Base., , the status of one additional Ranch Hand disorder and one more
Origil Comparison disorder was verified. Including these two now verified
condit s with the data from replacement and shifted Comparisons, the group
contrab at Baseline would have been of borderline significance (14/1,045
versus 7/1,224;" p-0.077). Combining these Baseline data with the follovup
data resulo-Jd in nonsignificant lifetime results. However, the combined
Baseline a :I interval analysis contrasting the Ranch Hands and the Original
Comparijons was marginally significant (p.0.065 ) due to t.he contribution of
the sigi. cant Baseline results.

The verification status of reported liver symptoms and diseases is
presented in Table 13-3. The data reflect the proportions of historic
reporttAg that were verified by medical record reviews, and are contrasted by
group for each variable. These data shoved that the proportion of verified
disease was not statistically significant between groups txcept for the
category of enlarged liver which, shoved a higher confirmation rate in the
Comparison group. Thus, over-reporting or symptoa/disease misclassification
by the participants was not a function of group membership.

1
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TA•L• 13-1.

Nlumer of Other Liver Cooditios lReported
by Study Participants at Followup by Group

(Verified by Nedical Record Reviev)

ICD,* Code Group
(Meaning) Ranch Band Comparison

5713 1 1
(Alcoholic Liver Damage)

57420 0 1
(Calculus of Gallbladder without
Mention of Cholecystitis)

7891 1 1
(Hepatomegaly)

7904/7905 3 0
(Enzyme Elevation)

7948 1 1
(Abnorma). Liver Scan)

39426 0 1
(Adverse Effect of Drug)

M81406 0 1
(Adenocarcinoma)

Total 6 6

*ICD = International Classification of Diseases.
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TANSI 13-2.

Umadjusted Ama•yseu for Baseline and Interval History of Liver
Dikeam by Group (Verified by Nedical Ricord Reviev)

Group

,nch [land Cogarison
Elat. Relative

Disease Statistic Number Percent Number Percent Risk (95% C.I.) p-Value

repatitis n 1,016 1,293
(Viral and its 37 3.6 43 3.3 1.10 (0.70,1.72) 0.731
Alcoholic) No 979 96.4 1,250 96.7

Jaundice n 1,016 1,293
Yes 20 2.0 28 2.2 0.91 (0.51,1.62) 0.771
No 996 98.0 1,265 97.8

Cirrhosis n 1,016 1,293
Yes. 3 0.5 2 0.2 1.91 (0.32,11.46) 0.660
No 1,013 99.5 1,291 99.8

Enlarged 1 1,016 1,293
Liver Yes 17 1.7 24 1.9 0.90 (0.48,1.68) 0.874

NO 999 98.3 1,269 98.1

Hiscoel- n 1,015 1,293
laneous Yes 17 1.7 13 1.0 1.68 (0.81,3.47) 0.195
Liver No 999 98.3 1,280 99.)
Disorders

1
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TAKLE 13-3.

Medical Record Verification of Reported
Liver Symptom and Diseases by Group (Baseline and Interval

Questionnaires Combined)

Group
Verification

Variable Status Ranch Hand Comparison p-Value

Hepatitis Number Reported 47 53
Medical Rtcords Rpvieved 44 48
Medical Records Pending 3 5

or Not Released
Number Verified 37 43
Percent Verified 78.7 81.1 0.806

Jaundice Number Reported 43 59
Medical Record-s Revieved 23 35
Medical Records Pending 20 24

or Not Released
Number Verified 20 28'
Percent Verified 46.5 47.5 0.999

Cirrhosis Number Reported 7 3
Medical Records Revieved 5 3
Medical Records Pending 2 0

or Not Released
Number Verified 3 2
Percent Verified 42.9 66.7 0.999

Enlarged Number Reported 30 29
Liver hedical Records Revieved 29 29

Medical Records Pending 1 0
or Not Released

Number Verified 17 24
Percent Verified 56.7 82.8 0.047

Miscel- Number Reported 21 14
laneous Medical Re-ords Revieved 20 14
Liver Medical Records Pending 1 0
Disorders or Not Released

Number Verified 17 13
Percent Verified 94.4 92.9 0.627
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Peptic Ulcer Diseases

The primary purpose of these analyses was to compare the ulcer disease
experience of the Ranch Hand and Comparison groups. Since blood type has
been reported to affect the incidence of peptic ulcer disease, blood type van
used as a covariate in these analyses. The military miadical and personnel
records of the 2,309 study participants were reviewed to determine the blood
type as recbrdced in these sources. The distribution nf blood types in the
two groups is shown in Table 13-4.

TANAE 13-4.

Uniadjusted Analysis of Blood Type by Group

Blood Type

0 A B AB

Group Number Percent Number Percent Number Percent Number Percent Total*

Ranch Hand 378 45.4 334 40.1 87 10.5 33 4.0 832

Comparison 504 46.4 425 39.1 125 11.5 33 3.0 1,087

p.0.60

*184 Ranch Hands and 206 Comparisons missing from blood type analysis.

The blood type distribution was not significantly different in the two
groups (p.0.60), and was similar to the distribution of blood types in the
general U.S. white sale population (pO.0.5).

Both physical examination diagnoses and questionnare responses to
questions concerning ulcers were used as sources of data on the occurrence of
ulcer disease. A total of 58 participants was diagnosed as having ulcer
disease at the time of the examination; however, 13 had to be deleted from
the analyses of physical examination data and 15 from the analyses of
questionnaires due to missing data on blood type. On questionnaires,
42 reported currently having ulcers and an additional 126 reported having hod
ulcers in the past. These data are summarized in Table 13-5.

A three-factor log-linear analysis (group, ulcer, blood type) of data
from the physical examination shoved a significant three-factor interaction,
with the Ranch Hand rate being higher in blood types AB and 0, and lower for
types A and B (p.0.03). Stratified analyses of each blood type were con-
ducted and did not reveal any statistically significant group differences.

These data are shown in Table 13-6.
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TAXIL 13-5.

Frequency of Diagnosed and Reported Ulcer Disease by Group

Grock

Ranch Hard Comparison

Variable Statistic Number Percent Number Percent Total

Diagnosed Disease n 832 1,067 1,919
(Physical Yes 19 2.3 26 2.4 45
Examination Data) No 813 97.7 1,061 97.6 1,874

Reported Disease n 832 1,085 1,917
(Questionnaire Current 22 2.6 20 1.8 44
Data) Past 53 6.4 73 6.7 126

None 757 91.0 992 91.4 1,749

A three-factor log-linear analysis of questionnaire data vas also
* performed. This analysis looked at current and past history of ulcer

disease. No significant group differences or multifactor interactions Vere
seen, with all p-values being greater than 0.10.

These analyses demonstrated overall group equivalence within the Ranch
Hand and Comparison groups with respect to blood type and present and past
ulcer disease.

Nortality Count Data

Linkage of digestive system mortality to observed historic or
examination morbidity has not been explored in this report; the linkage
process, vwth the use of the Comparison replacement. strategy, remains an open
research issue. From a broader perspective, however, review of mortality
count data in conjunction with current morbidity data may be useful in
identifying disease pattern(s) vith respect to group membership,
organ-specific disease, and important covariates. For these purposes, the
latest mortality count data (as of 31 December 1985) are summarized in
Table 13-7.

These data shoved a large mortality contribution (approximately 50X)from
liver disease in both groups and.a relative excess in Ranch Hands as con-
trasted to Comparisons. For malignant neoplasms, there was a relative excess
in the Comparison group. There is also the suggestion that alcohol is an
important risk factor. The relative excess of Ualignant neoplasms in the
Comparison group is also striking. Overall, the slight excess of digestive
system mortality in the Ranch Hands and the differences in distribution of
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TABLEK 13-6.

Unadjusted Analyses of Peptic Ulcer Disease
by Blood Type by Group

Group

Rench Hand Comparizon
IEat. Relative

Blood Type Statistic Number Percent Number Percent Risk (9'X C.I.) p-Value

n 378 504
0 Yes 13 3.4 11 2.2 1.60 (0.70,3.60) 0.37

No 365 96.6 4M•" 97.8

n 334 425
A Yes 4 1.2 12 2.8 0.42 (0.14,1.29) 0.k1

No 330 98.8 413 97.2

n 87 125
B Yes 0 0.0 3 2.4 0.27a

No 87 100.0 122 97.6

nt 33 33
AD Yes 2 6.1 0 0.0 -- 0.49a

No 31 93.9 33 100.0

--4ltimatod relative risk and confidence interval not calculated due to zero
count in 6 cell.

"Fisher's exact test.

1
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TABLE, 13-7.

Frequency of Digestive System Mortality by Group

Deaths, by Group

ICD Code Ranch Hand 1t5 Comparison

Pancreatitis (5770) 1 2
Alcoholic crrhosis (5712) 0 6
Nonalcoholic cirrhosti (5715) 3 5
Nonalcoholic fatty liver (5718) 0 1
Chronic liver disease (5728) 1 1
Alcoholic liver disease (5711) 1 0
Duodenal ulcer (5325) 0 1
Malignant neoplasm (150-159) 2 15

Total 8 31

deaths by cause in the two groups raise the issue of competing mortality.
Inte;'pretation of the analyses in this report of hepatic function and liver
disease, with alcohol consumption taken into account, should be reviewed in
the light of these mortality data.

Physical RxaminatFn Data

Gastrointesti~ial dysfunction was not a major focus of the physical
examination except for a comprehensive biochemical profile of the liver.
Consequently, only data on hepatomegaly were analyzed, and results of the
analyris are shown in Table 13-8.

The analysis showed a marginally significant excess (eight cases versus
three) of heatomegaly in the Ranch Hands (p-0.069). These results were in
rela tive contrast to the Baseline examination findings of 1.56 pircent and
0.78 percent in the Ranch Hand and Comparison groups, respectively (p.0.1 38),
in the sense that fewer abnormalities were detected at the followup, although
at both examinations the difference favored the Comparisons.

The group data for hepatomegaly were pooled and compared to the covenr-
ates of age, race, occupation, current alcohol use (one or less drinks per
day, rore than one to four drinks per day, and more than four drinks per
day), lifetime expos'-e to industrial chemicals, and lifetime exposure to
degreasinh themicals Only age and occupation shoved significant
associazions with hei :omegaly (p-O.Ol8, p-0.0 2 6 , respectively). Because of
sparse data, an adjusted analysis was not conducted.

General Laboratory Examination Data

As in the Baseline Report, the followup examination emphasized evalu-
ation of laboratory.data, particularly for hepatic function. Thus, this
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TARSL 13-8.

Umadjusted Analysis of Enlarged Livers
Diapgosed at Physical ExImination by Group*

Enlarged Liver

Yes No

Group Number Percent Number Percent Total p-Value

Ranch Hand 8 0.8 1,002 99.2 1,010 0.069

Comparison 3 0.2 1,287 99.8 1,290

*Excludes participants with positive HB.Ag.

section .reports on nine laboratory tests of hepatic function -;ad on two tests
reflecting porphyrin metabolism. Normal ranges for these 1' variables as
determined by the SCRF and the Mayo Clinic Laboratories are presented in
Table 13-9. Only values greater than the normal range were considered
important in the assessment of dysfunction.

Analyses of the nine hepatic variables vere adjusted for the covariates
of age, race, occupation (OCC), current alcohol use (ALC), days of exposure
to industrial chemicals (IC), and days of exposure to degreasing chemicals
(DC). For the two porphyrin analyses, blood urea nitrogen was used as a
covariate. Because the hepatic test variables encompass acute to chronic
effects, there was no "ideal" alcohol covariate (e.g., dritk-years, current
alcohol consumption in drinks per day).

The covariate alcohol use was obtained from questionnaire data, cenar-
in3 on daily alcohol consumption (beer, vine, liquor) for those participfnts
who reported drinking at least one drink in the 2 reeks preceding the exam-
ination. Thus, the alcchol covariate measures recent drinking intensity and
may be more useful in adjustment of acute variables (e.g., GGTP, SGPT) than
variables related to chronic liver dysfunction (e.g., bilirubin deter-
minations, alkaline phosphatase).

Exposure to industrial chemicals and degreasing chemicals was measured
in cumulative days of unprotected exposure, and vis derived from the 1982 and
1985 questionnaires. These data, therefore, represent lifetime exposure.

Exclusion categories consisted of fever (over '00 degrees Fahrenheit)
and positive HB Ag tests, because of the known effects of these conditions on
liver function tests. Three participants (two Ranch Hands, one Comparison)
wer- excluded because of fever, and eight (five Ranch Hands, three Compari-
sons) because of a positive HIB Ag test (seven positive, one missing).- In
addition, due to rissing alcohcl data, nine other individuals (six Ranch
Hands, three Comparisons) vere deleted fzom the analyses when current alcohol
use was found to We a significant covai-.,.
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TAMLZ 13-9.

Laeboratory Norms for Wine Sepatic Function
Variables az Tvo Porphyrin Daterminatiom

SCRF SCRF
Variable Unit Normal Abnormal

SG(T U/L 27-47 Ž48

SGPT U/L 3-36 Ž37
GGTP U/L 15-85 M6

Alkaline Phosphatase. U/L 50-136 Ž137

Total Bilirubin mg/dl g1.5 >1.5

Direct Bilirubin mg/dl _D.36 e0.37

LDO U/L 100-190 Ž191
Cholesterol' mg/dl S260 Ž261
Tritlycerides" mg/dl 920 k321

Uroporphyrinb mg/24 hrs <46 k47

Coproporphyrinb .g/24 hrs •96 Ž97

"aSCR provides age-dependent normal ranges; these values represent the maximum
normal limits for those older than 40.

bPerformed at the Mayo Clinic.
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Statistical Analyses

The nine dependent variables from the hepatic battery were subjected to
three types of basic amalyses: (1) a continuous dependent variable adjusted
by continuous covariates (CC), (2) a continuous dependent variable adjusted
by discrete covariates (CD), and (3) a discrete (categorical) dependent
variable adjusted by discrete covariates (DO), except for current alcohol
use, which was left as a tontinuous variable for model-fitting and power
purposes. General linear models (SASe) were used for the CC and CD analyses,
and BMDPO-LR was used for the DD analyses.

As noted in Chapter 7, Statistical Methods, all. adjustments were carried
out with the simplest model, including all significant covariates and two-
and three-way ineractions. The log transformation was used for the nine
hepatic varicbles and for uroporphyrin, while a square root transfcrmation
was employed for the coproporphyrin variable. Since some direct bilirubin
values vere 0, che value 0.10 was added prior to log transformation.

The sample sizes were sufficient to detect a 1.93-fold increaae in the
frequency of abnormal values for alkaline phosphatase and a 1.42-fold
increase in the frequency of abnormal values for SOPT, using a (two-sided)
a-level of 0.05 and power 0.80. Further, the sample sizes were sufficietc
to detect a 0.7 percent mean shift in alkaline phosphatase, a 1.8 percent
mean shift in SGPT, and a 2.8 perceont mean shift in uroporphyrin values,

The results of the analyses on the 11 (ependent variables are pr'esented
in the following summary tables (Tables 13-10 through 13-12), follov,4d by
descriptive narrative text. The summary tables are in the folloving logical
order: unadjusted results, covariate tests of association, and adjusted
results. Tables K-1 and K-2 of Appendix K summarize interactiont from the
statistical analyses. All analytic information on any given variable can be
obtained by scanning the summary tables.

The following discussion condenses the key information cn each deperftent
variable. Group-by-covariate interactions are narratively presented. The
variables are organized in the same order as given in the tables.

Serum Glutamic-Oxaloacetic Transaminase (8GOT)

The unadjusted continuous (group means) and categorical (percent abnor-
ualities) tests shoved no statistically significant differences between
groups (p.0.298 and p-0.999, respectively).

Tests of association with the covariates using pooled group categorical
data demonstrated the significant effect of race (a higher percentage of
abnormalities in Blacks than nonblacks, 13.5% versus 7.6,; p<0.022) and
current alcohol use (21.2% abnormal values associated with more than four
drinks per day, 9.0X abnormals for more than one to four drinks per day, and
5.8% for one or less drinks per day; p<0.001). Similarly, the mean SCOT
levels differed significantly between races (p<0.001) and by current alcohol
use (p<0.001).

The CC adjusted model showed-no significant group differences (p-0.309).
Significant covariates vere race, an interaction of current alcohol use-by-
degreasing chemicals, and an interaction of current alcohol u3e-by-age (all

1
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TAM 13-10.

UInadjusted Coati wous wmd Categorical Lmu1yse
for Npatic lamctios Variables and O To orpbyrin

Determinktiom: by Group

Group,

gat. Lclative
Variable Statistic Ranch Wind Comparison Risk (952 C.I.) p-Value

SGOT n 1,009 1,289
mean 33.5 33.0 0.298
952 C.I. (32.8,34.1) (32.5,33.5)
Nueber/Z

Normal 929 92.12 1,187 92.1Z 1.00 (0.74,1.36) 0.999
High b0 7.9% 102 7.9Z

SGPT n 1,009 1,289
Mean 21.6 22.5 0.051
95% C.!. (20.9,22.3) (21.9,23.1)
Nuaber/%

Normal 872 86.40 1,102 85.52 0.93 (0.73,1.17) 0.546
High 137 13.62 187 14.52

GGTP ni 1,009 1,289
Mean 32.8 32.4 0.632
95Z C.I. (31.4,34.3) (31.2,33.6)
Nuaber/%

Normal 919 91.1Z 1,172 90.92 0.98 (0.74,1;31) 0.942
High 90 8.92 .117 9.12

Alkaline ft 1,009 1,289
Phospha- Mean 91.8 89.3 0 009
tage 95Z C.a. (90.4,13.3) (68.1,90.6)

Number/%
Pormal 953 94.5% 1,236 95.92 1.37 (0.93,2.01) 0.114
High 56 5.62 53 4.12

Total n I,009 1,289
Biliriibin Kern 0,74 0.75 0.576

95Z C.1. (0.73,0.76) (0.74,0.76)
Number/l

Normal 982 97.32 1,250 97.0% 0.88 (0.54,1.45) 0.706
High 27 2.7% 39 3.02
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TAIS 13-10. (continued)

Uamdjusted Continuous and Catqeorical Anlyses
for Bkpatic Function Variables and Two Porphyrin

DItertinations by Group

Group Gat. Relative

Variable Statistic Ranch Hand Comparison Risk (95% C.I.) p-Value

Direct R 1,009 1,289
Bilitubin Kean 0.18 0.18 0.981

95Z C.I. (0.17,0.18) (0.17,0.18)
Number/%

Normal 971 96.2% 1,246 96.7Z 1.13 (0.73,1.77) 0.649
High 38 3.8% 43 3.3%

LID) n 1,009 1,289
Mean 123.5 123.9 0.655
95Z C.I. (122.2,124.8) (122.7,125.2)
Number/Z

Normal 999 99.0% 1,272 98.7% 0.75 (0.34,1.64) 0.560
High 10 1.0% 17 1.3Z

Cholesterol n 1,009 1,289
Mean 214.3 215.0 0.688
95Z C.I. (211.8,216.8) (212.8,217.2)
Number/%
Normal 863 85.5% 1,082 83.9% 0.88 (0.70,1.11) 0.322
High 146 14.5% 207 16.1%

Triglycerides n 1,009 1,289
Mean 118.5 117.3 0.719
95% C.I. (113.8,123.3) (113.4,121.4)
Number/%

Normal 941 93.3% 1,210 93.9% 1.11 (0.79,1.55) 0.549
High 68 6.7% 79 6.1Z

Uroporphyrin n 1,006• 1,286
Mean 16.9 17.9 0.048
95% C.I. (16.2,17.7) (17.3,18.6)

n 1,008 1,287
Copropor- Mean 119.1 115.6 0.081
phyrin 95Z C.I. (116.2,122.0) (113.0,118.2)
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TAMLE 13-11.

Association Betwen Nine lepatic Funct~on Variablesand Two Fhorphyrin Deta~minations and Six Covariares

in the Combined Rench Hand and Comparison Groups

Indus trial Degreasing
Variable Analysis* Age Race Occupation Alcohol Chemicals Chemicals

SGOT C NS <0.001 NS <0.001 NS NS
D NS 0.022 NS <0.001 NS NS

SGPT C <0.001 NS NS <0.001 NS 0.017
D 0.001 NS NS <0.001 NS NS

GGTP C 0.012 <0.001 0.032 <0.001 NS NS
D NS 0.021 NS <0.001 NS NS

Alkaline C NS NS <0.001 <0.001" <0.001 0.010
Phosphatase D NS NS 0•00% NS*a 0.030 NS*

Total N .KS* NS 0.011 0.008 NS NS
Bilirubin D NS <0.001 NS NS NS NS

Direct C NS NS* NS <0.001 NS NSS Bilirubin D NS 0.015 NS NS NS NS

LDH C <0.001 0.006 NS NS NS NS
D NS NS NS NS NS NS

Cholesterol C <0.001 NS 0.002 <0.001 NS NS
D 0.010 NS 0.008 0.018 NS NS

Triglycerides C <0.001 <0.001 0.013 0.030 NS* 0.019

D NS 0.031 NS NS NS* NS

Uroporphyrins C NS NS NS NS NS NS

Coproporphyrins C 0.003 NS NS <0.001 NS NS

*Continuous (C)/Discrete (D).

NS: Not significant (p>0.10)

NS*: Borderline significant (p.05<pSO.10).

"Vine consumption.
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with p<0.001). The Ce analysis revealed a significant group (GRP)-by-current
alcohol use interaction (p.0.048), precluding a direct group contrast.
Exploration of the interaction disclosed that the Ranch Hands had a signifi-
cantly higher (p.0.010) mean SCOT for the sore than one to four drinks per
day category, whereas there were no significant group differences for the one
or less drinks per day or more than four drinks per day categories (see Table
K-1 of Appendix K). Other significant covariate effects included degreasing
chemicals (p.0.019), race (p<0.001), and a current alcohol use-by-industrial
chemical (IC) interaction (p=0.008). The DO SCOT analysis showed no signifi-
cant group differences (p.0.868). Covariates making significant contribu-
tions were race (p-0.02 6 ), an age-by-current alcohol use interaction
(p<0.001), and an occupation (OCC)-by-current alcohol use interaction
(p<0.OO1).

Serum Gluteric-Pyruvic Transaninase (ovPT)

the unadjusted categorical analysis vas not significant (p0-.5 4 6 ), but
the comparison of group means shoved a borderline significant result, with
the Comparisons having a higher mean SGPT than the Ranch Hands (p.0.051).

Covariate associations with the pooled categorical Ranch Hand and
Comparison group data shoved an inverse relationship (p.0.001) between SGPT
levels and age, with 17.1 percent abnormalities for those born in or after
1942, 12.3 percent for those born between 1923 and 1941, and 8.1 percent for
those born in or before 1922. The relationship with current alcohol use was
also profound (p<0.001), with 23.4 percent abnormals noted for more than four
drinks per day, 15.3 percent abnormals for more than one to four drinks per
day, and 12L4 percent for one or less drinks per day. The direction and
magnitude of the covariate effects of age and alcohol were quite similar for
the tests of association with the mean SGPT level of both groups (p<O.001 for
both covariates).

N•o significant group interactions were detected in either the discrete
or the continuous analyses. The CC-adjusted analysis yielded a significant
group difference, with the Comparisons having a higher group mean than the
Ranch Hands (p-0.048). The model was adjusted by the interactions of current
alcohol use-by-degreasing chemicals (p.0.008), current alcohol use-by-age
(p-0.001), race-by-degreasing chemicals (p.0.015), and race-by-industrial
chemicals (p-O.017). The CD model also showed a significantly elevated mean
SCPT in the Compar.scn group (pm0.029). The analysis was adjusted for expo-
sure to industrial chemicals (p-0.049), and the interactions of age-by-
occupation (p.0.026), age-by-current alcohol use (p.0.022), and current
alcohol use-by-degreasing chemicals (p.0.032). A borderline significant
interaction (p.0.0505) between group and current alcohol use was found, but
because of modeling strategy, this interaction was not included in the final
model. (This interaction is explored further in Table K-1 in Appendix K,
however.) The DC-adjusted analysis, like the unadjusted discrete analysis,
disclosed a nonsignificant group difference (p.0.531). The model was
adjusted for an age-by-current alcohol use interaction (p.0.004).

Gama-Clutamyl Transpeptidase (GGTP)

The unadjusted contrasts of both mean levels of GGTP and the frequency
of abnormalities showed no significant differences between the Ranch Hand and
Comparison groups (p.0.632 and p=0.942, respectively).
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For discrete covariate associations, significance was noted for race,
vith 14.9 percent abnormals in Blacks and 8.6 percent for nonblacks
(p.0.021), and current alcohol use, with 26.1 percent abnormals for more than
four drinks per day, 10.5 percent for more than one to four drinks per day,
and 6.2 percent for one or less drinks per day use (p<0.O01). While the mean
level of GGTP was similarly affected by race and current alcohol (p<0.001 for
both covariates), it vas also influenced by age (30.3 U/L for those born in
or before 1922, 33.9 U/L for those born between 1923 and 1941, and 31.1 U/L
for those born in or after 1942; p-0.012) and occupation (31.5 U/L for
officers, 35.2 U/L for enlisted flyers, and 32.3 U/L for enlisted groundcrev;
p-0.0 3 2 ).

Each of the three adjusted analyses consistently produced nonsignificant
group differences (CC: p-0.575; CD: p-0.668; DD: p-0.971). - None of the three
models vas affected by a group-by-covariate interaction. The CC analysis was
adjusted by four covariate interactions: age-by-current alcohol use
(p<0.001), race-by-industrial chemicals (p.0.011), current alcohol use-
by-degreasing chemicals (p<0.001), and age-by-degreasing chemicals (p.0.009).
The CD model was adjusted by race (p<0.001), by an age-by-current alcohol use
interaction (p=0.023), and by an occupation-by-current alcohol use inter-
action (p.0044). The DO analysis was adjusted by race (p-0.016) and by an
age-by-current alcohol use interaction (p<0.0O1).

Alkaline ihosphatase

The analysis of group mean values shoved a signifi,:zatly higher
(p.0.009) Ranch Hand mean (91.8 U/L) than that observed in the Comparison

* group (89.3 U/L). The unadjusted categorical analysis revealed a higher
percentage of Ranch Hand abnormalities (5.6%) than Comparison abnormalities
(4.1Z), but this difference vas not significant (Est. RR-1.37, 95% C.I.:10.93,2.Cli, p-0.114).

With pooled group data, s' ificant covariate associations were found
betveen the proportion of abnormal values and occupation (p.0.003), indus-
trial chemicals (p.0.030), and marginally significant associations with vine
consumption (p.0.056) and degreasing chemicals (p.0.091). The mean value of
alkaline phosphatase depended significantly on all four of these covariates.

The CC-adjusted analysis also showed a significantly higher mean value
of alkaline phosphatase in the Ranch Hand group (p.0.003). The model was
adjusted by the significant covariates of wine consumption (VINE) (p<O.001),
occupation (p<0.001), and the interactions of age-by-industrial chemicals
(p-0.010) and race-by-industrial chemicals (p.0.007). Vine consumption was
used as a covariate instead of alcohol intensity since wine showed a very
strong negative association with alkaline phosphatase. This effect masked a
very veak positive association-betveen bee. or liquor consumption and
alkaline phosphatase.

In the CD model a significant group-by-industrial chemicals interaction
vbs found (p.0.011). Specifically, in those individuals expAsed to indus-
tr'al chemicals, the Ranch Hands had a significantly higher mean value than
the Comparisons (p<0.OOl), whereas in the unexposed stratum, the mean values
were not significantly different between groups (p.0.973; see Table K-i of
Appendix K). The CD analysis was also adjusted by vine consumption

* (p<0.001), occupation (p<0.001), and the interactions of age-by-industrial
chemicals (p.0.019) and race-by-industrial chemicals (p.0.002).

13-23



The DD model revealed a marginally significant group difference (Adj.
RRt 1.44, 95% C.I.: (0.97,2.131, p-.0070) following adjustment by four
significant interactions of wine-by-degreasing chemicals (p.0.006), age-by-
industrial chemicals (p.O.005), race-by-industrial chemicals (p.0.004), and
occupation-by-industrial chemicals (p.0.016).

Total Bilirubin

Both the continuous and categorical unadjusted analyses found no sig-
nificant differences in total bilirubin values between groups (p.0.576 and
p.0.706, respectively).

The covariate associations for both groups ihoved a significant effect
of race (8.5% abnormal in Blacks versus 2.5% in nonblacks; p<0.001). Sig-
nificant differences in mean total bilirubin levels were found between
occupational groups (0.76 mg/dl for officers, 0.72 mg/dl for enlisted flyers,
and 0.75 mg/dl for enlisted groundcrew; p.0.011), and with increasing levels
of current alcohol use (0.80 for more than four drinks per day, 0.75 for more
than one to four drinks per day, and 0.74 for one or less drinks per day;
p.0.008). Further, increasing levels of total bilirubin were marginally
associated with age (p-0.093).

The CC model, adjusted for the interactions of age-by-degreasing
chemicals (p.0.039), race-by-current alcohol use (p.0.007), and race-by-
occupation (p-0.O01), revealed no significant differences in total bilirubin
means between groups (p.0.599). Similarly, the CD analysis found no
difference between group means (p.0.598) after adjustment for the inter-
actions of race-jy-current alcohol use (p-0.004), occupation-by-current
alcohol use (p.0.034), and occupation by race (p-O.0.2). The DD model,
adjusted for race (p<0.001), also failed to detect significant group
differences in the proportion of total bilirubin abnormnlities (p.0.648).

Direct Bilirubin

Neither the continuous nor the categorical unadjusted tests disclosed
significant differences between the Ranch Hand and Compa:ison groups (p.0.981
and p=0.649, respectively).

A covariate association with the categorical data combined from both
groups was noted for race, with 7.8 percent abnormalities found in Blacks as
contrasted to 3.3 percent in nonblacks (p.0.015). There was a significant
association between mean values of direct bilirubin and current alcohol use
(0.21 mg/dl, 0.17 mg/dl, and 0.17 mg/dl for more than four drinks per day,
more than one to four drinks per day, and one or less drinks per day,
respectively; p<0.OOi) and a marginally significant difference due to race
(0.20 mg/dl for Blacks versus 0.18 mg/dl for nonblacks; p-0.059).

For both the CC and CD analyses, no significant group differences were
found (p.0.97? and p-0.830, respectively). The CC model was adjusted for a
race-by-current alcohol use interaction (p.0.025), and the CD model was
adjusted for the significant interactions of race-by-current alcohol use
(p.0.019), occupation-by-current alcohol use (p.0.002), current alcohol
use-by-degreasing chemicals (p.0.012), and degreasing chemicals-by-industrial
chemicils (p.0.025). The DD analysis revealed a group-by-industrial chemical
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exposture interaction (p.0.012). For participants exposed to industrial
* chemicals, the Ranch Hands had a higher proportion with abnormal velues than

the Comparisons (5.3% abnormal versus 2.9%, respectively; p=0.035), whereas
there was no group difference for participants not exposed to industrial
chemicals (p.0.144). Each stratum of the interaction was adjusted for race
(p-0.014) and current altohol use (p-0.026). The biological relevance of
this interaction is unclear at this time.

Lactic Dehydrogenase (LWR)

No significant differences were found between the groups, either in the
proportion of abnormal values (p.0.560) or in the mean levels of LDH
(p.0.655). Significant effects for age (121.6 U/L, 12t.6 U/L, 135.3 U/L for
those born in or after 1942, between 1923 and 1941, and in or before 1922,
respectively; p<0.001) and raie (129.5 U/L for Blacks versus 123.4 U/L for
nonblacks; p-0.006) were founa in the tests of mean LDH levels.

The CC analysis revealed a group-by-age interaction (p.0.018), although
no significant adjusted group differences were found for any of the three age
strata. The model was also adjusted for the significant interactions of
occupation-by-exposure to industrial chemicals (p.0.014) and race by exposure
to irdustrial chemicals (p.0.024). The CD model revealed no significant
group differences after adjustment by age (p<0.O01), race (p<0.O01), and
degreasing chemicals (p.0.016). Similarly, the DD analysis found no signi-
ficant group differences, and no covariates made a significant contribution
to the model.

Cholesterol

No significant differences were found between groups, either in the
proportion of abnormal cholesterol levels (p.0.322) or in mean values of
cholesterol (p-0.6b8) by unadjusted tests. However, in contrast, analysis of
the Ranch Hand group versus the Original Comparisons (see Table K-9 of
Appendix K) showed that the Comparisons had a significantly higher proportion
of ubnormal levels than the Ranch Hands (18.3% versus 14.5%, respectively;
Est. RR: 0.76, 95% C.I.: [0.60,0.96], p-0.023). This observation was also
found at Baseline. Significant covariate associations were noted between the
proportion of participants with abnormally high cholesterol levels and age
(12.7% for those born in or after 1942, 17.2Z for those born between 1923 and
1941, and 18.4% for those born in or before 1922; pO.010), occupation (14.9%
!or officers, 20.5Z for enlisted flyers, and 13.9% for enlisted groundcrev
p=.O.0 8 ), and current alcohol use (14.1% for one or less drinks per day,
16.4Z for more than one to four drinks per day, and 21.7% for more than four
drinks per day; p-0.018). For the associations between mean cholesterol
levels and age, occupation, and current alcohol use, the significance of the
covariate effects vas greater than for the discrete analyses (p<0.001,
p-0.002, and p<0.001, respectively).

The CC results showed no significant group difference (p.0.604). The
model was adjusted by age (p<0.O01), current alcohol use (p<0.001),
industrial chemical exposure (P-0.043), and the race-by-degreasing chemicals
(p.0.021) and race-by-occupation (p-.0005) interactions. The CD analysis was
negative for significant group differences (p.0.548). The analysis included
the covariate contributions made by'age (p<O.001), turrent alcohol use
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(p<O.001), and a race-by-occupation interaction (p-0.027). The DD analysis
also shoved no significant difference between groups for adjusted proportions
of participants with abnormal cholesterol levels (p.0.181). Contributing
covariates included age (po0.029), occupation (p.0.039), and a race-by-
current alcohol use interaction (p.0.012). In all of the discrete choles-
terol analyses, the cutpoint of 260 ng/dl was used.

Triglycerides

In the unadjusted analyses, no significant differences in the proportion
of participants with abnormal triglyceride levels or in mean values were
found between the Ranch Hand and Comparison groups (p=0.549 and p-0.719,
respectively).

The covariate tests of association for percent abnormal triglycerides
disclosed the significant effect of race (2.12 for Blacks and 6.7% for
nonblacks; p-0.031) and a marginally significant association for industrial
chemical exposure (p.0.073). For mean triglyceride levels, significant
associations for age (p<0.001), race (p<0.001), iccupation (p-0.013), current
alcohol use (p.0.030), and degreasing chemicals (p.0.019) were noted, in
addition to a marginally significant association with exposure to industrial
chemicals (p.0.077).

The CC analysis revealed a significant group-by-age interaction
(p.0.015), which shoved a significantly elevated mean triglyceride level in
Ranch Hands (p.0.039) born in or before 1922 as compared to similarly aged
Comparisons (see Table K-1 of Appendix K). There were no significant
differences for the ether two age strata. 4 significant adjusting covariate
was occupation (p<0.001); in addition, the current alcohol use-hy-degreasing
chemicals (p.0.005) and race-by-current alcohol use (p.0.031) interactions
were used for adjustment. The CD-adjusted analysis found no significant
group differences (p.0.905). The model was adjusted by age (p<0.001), race
(p<0.OO1), occupation (p<0.001), and current alcohol use (p-0.038).

The DD analysis found a significant group-by-occupation interaction
(p.0.027). Stratification by occupation revealed a significant increase in
the proportion of abnormal triglyceride levels for Ranch Hand officers (Adj.
RR: 1.77, 95Z C.I.: [1.04,3.01], p.0.035) but no significant group
differences were discerned for the enlisted flyer or enlisted groundcrev
strata. The models were adjusted by race (p=0.026) and industrial chemical
exposure (p.0.038). A cutpoint of 320 ng/dl was used to distinguish abnormal
from normal.

Uroporphyrin

The uroporphyrin variable was analyzed only in the continuous form. The
unadjusted analysis revealed a significant difference between group means
(Comparisons 1'.9 mg/24 hrs, Ranch Hands 16.9 mg/24 hrs; p-0.048).

A CC mcdel found a significant group-by-*blood urea nitrogen (BUN) inter-
ac •r£ (p.0.015; see Table K-1 of Appendix K). To interpret the interaction,
BUN was dichotomized Pt the median value of 14 mg/dl. Stratifying by BUN
levels revealed a significantly greater (p<0.0G1) uroporphyrin mean for Com.-
parisons than for Ranch Hands for BUN levels of 14 or less mg/dl and a aon-
significant but greater Ranch Hand mean for participants with BUN levels of
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more than 14 mg/dl. The stratified model was adjusted for current alcohol
* use (p-0.026) and the occupation-by-degreasing chemicals (p-O.005) inter-

action.

Coproporphyrin

As with the uroporphyrin variable, coproporphyrin was analyzed only as a
continuous variable. The unadjusted analysis revealed a borderline signifi-
cant difference in the mean coproporphyrin levels (119.1 mg/24 hrs for Ranch
Bands and 115.6 mg/24 hrs for Comparisons; p-0.081).

The covariate tests of association detected the significant effects of
age (p.0.O03) and current alcohol use (p.<0.001).

A CC model, adjusted by BUN (p<0.001) and ar age-by-current alcohol use
interaction (p.0.003) revealed a borderline significant group difference
(p.0.065) similar to the unadjusted analysis. The adjusted coproporphyrin
means were 119.3 mg/24 hrs and 115.7 mg/24 hrs for the Ranch Hands and Com-
parisons, respectively.

Discussion

The results from the nine hepatic and two porphyrin aialyses were not
totally consistent with the Baseline findings. Several analytical reasons
may possibly explain some of these differences, i.e., the adjusted analyses
herein used the additional covariates of age, race, and occupation (the
Batchine variables), and all two-way covariate interactions. However, as the
Baseline data were not rranalyzed with the odael process and total Comparison
group used in this report, the contribution of analytic technique versus a
true thange in hepatic status is unknown.

Tht Baseline Report noted a significantly lover sean cholesterol level
in the Ranch Hands (opposite of an expected dioxin effect) and slight tend-
encies for higher GGTP and LDF values in the Ranch Hands, In this chapter,
the analyses have shuwn equivalent group cholesterol levels, an increased
SGPT mean in the Comparisons, an increased mean alkaline phosphatase in the
Ranch Hands, an increased uroporphyrin mean in the Comparisons, and a border-
line increased coproporphyrin mean in the Rar.'nh Hands. The individual
hepatic assay results ware not suggeitive of a pattern of significant hepatic
daeage in the Ranch Hands that might be supportive of an herbicide effect.
Further, there was no consistent group-by-covariate interaction that suggests
r. detriment to a specific subcategory of the Ranch Hands.

For those covariates uscd in both the Baseline study ýnd this follovup
study, the directioa and wagnitude of their effects were relatively consis-
tent between the studies. However, an unexpected association between wine
drinking and alkaline pho3phatase lacks a plausible explanation, particularly
considering the inverse relationship, i.e., increasing alkaline phosphatase
levels with decreasing wine conspuption. These findings suggested the
association between vine and alkaline phosphatase may be due to imprecision
in data colleution.

Noue of the categorical (normal/abnormal categories) analyses was
statistically significant, whereas all of the significant results were
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generated by the more powerful contrasts of continuously distributed hepatic
data.

Both porphyrin analyses shoved group associations and are in distinct
contrast. to the otherwise largely negative hepatic findings. The signifi-
cantly elevated uroporphyrin mean value in the Comparisons was directly
opposite to that expected if dioxin-induced PCT were prevalent in the Ranch
Hands. The primary biochemical defect in PCT is the reduced activity of
uroporphyrinogen decarboxylase, an enzywe that metabolizes uroporphyrin.
This defect leads to increased levels of uroporphyrin and coproporphyrin.

Questignnaire-Laboratory Correlations: Porphyria Cutanea Tarda

In the interval questionnaire all participants were asked whether their
skin manifested "patches," excessive bruises, or sensitivity. These
questions were deemed important in order to bound the maximum prevalence of
cutaneous disorders compatible with a diagnosis of PCT. These historical
data are given in `.able 13-13.

TABLE 13-13.

Unadjusted Analysis for Interval History of Skin Bruises,
Skin Patches, and Skin Sensitivity by Group

Bruises, Patches, or Sensitivity

Yes No

Group Number Percent Number Percent Total p-Value

Ranca Haud 265 26.2 746 73.8 1,011 0.001

Comparison 260 20.2 1,029 79.8 1,289

These data revealed that the Ranch Hands reported significantly more
cutaneoue symptoms (26.2%) than the Comr arisonu (20.2%). However, these data
were substantially less than those reported at the Baseline in-hom2 question-
naire, which also showed a statistically significant excess in the Ranch
Hands.

To determine if the skin histories might be related to PCT, the histortL.
data were compared to the porphyrin test results. The abnormal/normal cut-
point of the coproporphyrin assays was reset to the 95f:h pexcentile because
the normal range of the laboratory overclassified the proportion of abnocm-
als. Table 13-14 gives the tabular display of both porphyrin test results by
the reporting history of skin disorders.
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TAUL 13-14.

Uwadjuated Analyses for Pc phyrin Abuormalities
by Group and Skin Patch, Bruise, or Sensitivity

Reported at Follovup Questionnaire

Abnoruml Porphyrin Findings for e Participant
Skin Patch,
Bruise, or 0 1 2
Sensitivity

Group Reported Number Percent Number Percent Number Peree.nt Total p-Value*

Both Yes 472 90.1 48 9.2 4 0.8 524 0.789
Griups No 1,593 90.2 -'65 9.3 9* 0.5 1,767

Unch Hand les 239 90.5 24 9.1. 1 0.4 264 0.950
No 670 90,3 70 9.4 2 0.3 742

Comparison Yes 233 89.6 24 9.2 3 1.2 260 0.742
No 923 90.1 95 9.3 7 0.7 1,025

*Chi-square test, 2 e.f.

The data frm both groups combined suggest that there is no relationship
betveen a history of cutaneous disorderL and porphyrin test positivity. The
group-specific data Jn the table ,ilso show a lack of a statistically signifi-
cant association between the reporting of skin patches, bruises, or sensitiv-
ity and tan presence of an abnormal porphyrir, test result. Bov-aver, in both
the Ranch Hand and Comparison groups, participants vho had abnorr-al tests for
both uropriophyrins and copropurphyrins were more likely to have reported
cutaneous disorders than participants with normal findings for both tests.
Consequently, the data wore retabulated, focusing only upon uroporphyrin
abnormalities (absf;&utely required for a diagnosis of MCT) and reporting of
cutaneoes disorders. These data are summarized in Table 13-15.

These data suaest that the relative risk of increased uroporphyrin
abnormalities for Ranch Hands is Independant of whether or not a study
participant ieported skin patches, bruisox, or sensitivities at the followup
questionnaire (Brealov-Day test of homogmeity of odds ratio, p-0. 7 91). In
each instance (reported/not reported), the estimated relative risk vwa
nonsignificant and less than 1, and in both the Ranch Hand group and the
Corgarison group zhere vas a higher percentage of uroporphyrin abnormalities
for participants who did not raport skin patches, bruises, or sensitivity
ttnn for participants *co did report these conditions.

Thus, teh sequential displays of Tables 13-13 through 13-15 show
excessive reporting ci PCl1-1ike cutanaois symptoms in the Ranch Hand group
that wav not r-tlate6 to rent abnormalities for both uroporphyrin and
coproporphyrin abnormal test results, or for uroporphyrin abnormalities
"alone. Thesd analyves were consistent with the clinical observation that
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TABLE 13-15.

Unadjusted Analyses for Uroporphyrin Abnormalities
by Group and Skin Patch, Bruise,' or Sensitivity Reported at

Follovup Questionnaire

Group

Ranch Hand Comparison
Stratifi- Est. Relative

Variable ce~ion Statistic Number Percent Number Percent Risk (95Z C.I.) p-lalue

n 264 260
Skin Patch, Abnormal 12 4.5 12 4.6 0.98 (0.43,2.23) 0.999
Bruise, or Normal 252 95.5 248 95.4
Sensitivity
Reported

Uroporphyrin

n 742 1,025
Skin Patch, Abnormal 42 5.7 66 6.4 0.69 (0.62,1.28) 0.547
Bruise, or Normal 700 94.3 959 93.6
Sensitivity
Not Reported

only one differential diagnosis at the examination entertained the diagnosis
of PCT. Based on all of these observations, PCT vas a rare, if not non-
existent, condition in the Ranch Hands.

EXPOSURJ IN=X ANALYSES

Both unadjusted and adjusted exposure index analyses were carried out
for the nine laboratory tests of hepatic function and the two porphyrin
metabolite tests. The porphyrin variables were analyzed only as continuous
variables, while the others vere analyzed both as continuous variables and
discretized variables. Five covariates vere included in the adjusted
analyses: age, race, current alcohol use, exposure tc degreasing chemicals
(yes/no), and exposure to industrial chemicals (yes/no). Current alcohol use
was treated as a continuous variable for all adjusted analyses, and age was
treated as a continuous variable for the continuous adjusted analyses. Age
was trichotomized (born in or after 1942, born between 1923 and 1941, and
born in or before 1922) for the discrete adjusted analyses. In addition, the,
covariate BUN was used in the porphyrin analyses.

For each variable, exposure level frequencies and percents are presented
in Table K-3 of Appendix K along vith the results of the unadjusted discrete
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analyses using Pearson's chi-square test to reflect overall exposure index
differences and Fisher's exact test to investigate medium versus lov and high
versus lo exposure level contrasts. Unadjusted means for each exposure
level are presented in Table K-4 of Appendix K, along with the results of the
unadjusted continuous analyses (using an F-t st for an overall group
assessment) and t-tests to examine medium versus low and high versus lob
exposure index contrasts. Results of the adjusted categorical and adjusted
continuous analyses are preseated in Tables 13-16 and 13-17, respectively.
These results are presented in the context of a main effects model containing
exposure index and all five covariates. Additional adjusted continuous
an~alyses vere conducted to examine pairvise interactions involving the
exposure index and the covariates. Unadjusted and adjusted results for each
variable are discussed in sequence.

SGOT

Within each occupation cohort, the low exposure level had the lowest
percentage of abnormalities and the lovest mean. A marginally significant
overall exposure level relationship (p.0.065) was found in the tv.;Iljusted
discrete analysis for the enlisted groundcrev. This association vas statis-
tically significant in the adjusted analysis (p.0.023), exhibiting a dose-
response effect; medium versus low (Adj. RR% 2.14, 95% C.I.: [0.77,5.991,
),-0.147) and high versus loy (Adj. RR: 3.64, 95Z C.I.: [1.36,9.721,
p-.0010). A nonsignificant dose-response relationship was observed In the
corresponding unadjusted and adjusted continuous analysas (p.0.418 and
p-0.409, respectively), with unadjusted means of 32.9 U/L, 33.2 U/L, and 34.4
U/L for the low, medium, and high exposure levels, respectively. No
significant results were found for enlisted flyers and officers.

SGPT

Within the :nlisted groundcrev and enlisted flyer cohorts the low
exposure level had the lowest percentage of abnormalities and the lowest mean
value. This situation was reversed for the officers who exhibited the
highest percentage of abnormal measurements and highest mean value in the low
exposure categories. A significant overall result was found for enlisted
flyers in the adjusted discrete analysis (p.0.036; medium versus low, Adj.
RR: 6.55, 95% C.I.: [1.25,34.43], p-0.026); high versus low, Adj. RR:
4.29, 952 C.I.: [0.75,24.351, p-0.101). In the corresponding adjusted
continuous analyses, a marginally significant dose-response relationship was
observed (p=0.058) with adjusted means 18.1 U/L, 21.4 U/L, and 21.8 U/L for
the low, medium, and high exposure levels, respectively. No significant
results were found for offi'.ers or enlisted groundcrev.

CGTP

No significant or marginally significant results were found,. A non-
significant dose-response relationship was seen for enlisted flyers and
officers in the continuous analyses but, conversely, a nonsignificant
decreasing dose-response relationship was seen in the enlisted groundcrev.
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Alkaline Phosphatase

For the enlisted groundcrew and the enlisted flyers, the lowest abnormtl
prevalence rate and lowest mean value were found in the low exposure cate-
gory. A nonsignificant increasing dose-response relatioaiship vas seen vithin
these occupations for the discrete analyses. In both unadjuated and adjusted
continuous analyses, a marginally sionificant iaedium versus low contrast was
found for enlisted flyers (p.0.0 8 6 and p-0.053, respectively), with
unadjusted means of 88.9 U/L, 96.3 U/L, and 95.2 U/L for the low, medium, and
high exposure levels, respectively.

Total Bilirubin

Discrete analyses revealed no significant findings; adjusted discrete
analyses for enlisted flyers were not done due to sparse data. Continuous
analyses revealed a significant overall effect (p-O.045, unadjusted) Zor
enlisted flyers, which was marginally significant after adjustment (p.0.0 7 0).
In both unadjusted and adjusted analyses, the high versus low mean cuntrast
was significant (p.0.014 and p-0.023, respectively), with unadjusted means of
0.66 mg/dl, 0.73 mg/dl, and 0.76 mg/dl 'or the low, sdium, and high exposure
levels, rcspectively.

Direct Bilirubin

There were no significanit exposure findings in either the continuous or
discrete analyses, although within each occupational cohort, the lowest
abnumal prevalence rate was fourd it the low exposure group.

LDH

The unadjusted discrete analyses revealed no significant or marginally
significant results. No adjusted di3crete analyses were done due to sparse
data. The unadjusted continuous enalyses For thc erlisted grounderew showed
a significant overall relationship with the exposura index (p.0.031), with
mean values of 123.1 U/L, 122.3 U/L, 127.9 U/L for the low, medium, and high
exposure levels; the high versus low contrast was significant (p-0.037).
After adjustment, the continuous analyues for enlisted groundcrev revealed
marginally significant results (p.0.092, overalli p-0.055, high versus low).
No significant or marginally signifir-.riL results were seen for enlisted
flyers or officers. Enlisted flyers and enlisted grodndnrew had the largest
mean values for their highest exposure category, which is reversed in the
officers, who exhibitad a nonsignificant decreasing dose-response relation-
ship with exposure level.

Cholesterol

Significant or marginally slgniflcanr results were found fok officers in
the direction of a decreasing dose-response relationship I'n both the adjusted
continuous (overall p-0.049, medium -ersus low p-0.C39, high versus low
p-0.029) and adjusted discrete (medium versus lov poO.085, high versus low
p=0.060) analyses. Nither of the enlisted cohorts demonstraUted a similar
decreasing response. 4
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No eignific&nt or marginally significant results vere found.

Uroporphyrins and Coyroporphyrins

No significant or marginally significant results were found.

i UOSURE MR= AALMYSKS

Additlonal continuous analyses were done to examine pairvisQ inter-
actions involving exposure level and the covariates, Ten exposure group-by-
covariate interactions vere found at p).05. All interactions were found in
the enlisted flyer ard enlisted groundcrav occupations. Eight of the
interactions involved current alcohol consumption, one involved age, and one
inavolved race. The interactions are summarized in Tables K-5 and K-6 of
Appendix K. In Tabie K-5 of Appendix K, the slope of the continuous covari-
ate with respect to tht de M dent variable ir provided for each of the three
exposure levels. Table K-6 of Appendix K presents the mean level of direct
bilirubin for each of the three exposure levels by race. Tte interactions
intvolving current alcohol consumption are mainly due to a nonsignificant
dependent variable response to increasing alcohol consumption in the low
exposure group in contrast to a signifiztnt positive response for the medium
and high groups. The SCOT, SGPT, and GGTP interaction results for the
enlisted groundcrev provi,.'e support for an interpretation of herbicide
effect.

In summary, the nine hepatic function variables and two porphyrin
metabolite variables shoved no conclusive evidence of a dose-response
relationship at the follovup examination. Five overall exposure group
differences were found. ')nly two of these (SOOT for enlisted groundcrev, and
total bi! •ubin for enlisted flyers) suppurted a dose-response relationship.

LONG1I=D2L AMALYSKS

Three hepatic enzyme variables, SCOT, GGPT, and GGTP, were chosen for
longitudinal analysis, spanning the spectrum of intermediate to acute
effacts. These test variables were chosen because both the Baseline and the
follcvup assays were perforned by the high-precision ACA 500* DuPont
technology. The data from these three hepatic variables are arrayed in
Table 13-18.

The SCOT and SGC' data shoved slight but uniform increases from the
Baseline examination. These increases were proportitnately the same for both
the Ranch 3and and Comparison groups. These changes may reflect an aging
effect or are due to laboratory variation. As indicated by the equality-of-
diftieence p-values, none of the three hepatic variables shoved a statisti-
cally significant difference in the changes from Baseline to follovup between
group,
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TABLE 13-18.

Longitudinal Analyses for SGOT, SGPT, and GGTP:
A Contrast of Baseline and First Follovup Examination Test Means

Means
1982 1985 p-Value*

Variable Group Total Baseline Follovup (Equality of Difference)

SGOT Ranch Hand 971 32.91 33.73 0.61
Comparison 1,139 32.97 33.73

SGPT Ranch Hand 971 20.08 21.82 0.72
Comparison 1,139 20.51 22.44

GGTP 'Ranch Hand 971 39.26 33.16 0.63
Comparison 1,139 38.64 32.35

*Analyzed in log units.

SUMMAY AND CONCLUSIONS

The interval questionnaire revealed sparse reporting of liver disorders
from 1982 to 1985 that was not significantly different between groups.
Historical liver disease was verified by medical records, and these data were
added to the verified Baseline history to assess possible lifetime differ-
ences. No significant differences were found. The medical record verifica-
tion process shoved that the historical data were generally correctly
reported and classified between groups, except for the category of enlarged
liver which showed a higher verification rate in the Comparison group.

Digestive system mortality shoved an overall nonsignificant excess in
the Ranch Hands, but a relative nonsignificant excess of malignant neoplasms
in the Comparisons.

No differences were found for past or current peptic ulcer disease for
the Ranch Hand and Comparison groups, adjusted for standard covariates as
well as blood type.

The physical examination disclosed a borderline significant increase of
hepatomegaly in the Ranch Hand group. Emphasis was placed on nine laboratory
test variables measuring liver function, i.e., serum glutamic-oxaloacetic
transaminase (SGOT), serum glutamic-pyruvic transaminase (SGPT), gamma-
glutamyl transpeptidase (GGTP), alkaline phosphatase, total and direct
bilirubin, lactic dehydrogcnase (LDH), cholesterol, and triglycerides. In
addition, uroporphyrin and coproporphyrin measurements were obtained to
assess liver function and the likelihood of porphyria cutanea tarda (PCT).
The nine hepatic variables were subjected to continuous and categorical
statistical tests, and were adjusted for the covariates age, race, occupa-
tion, current alcohol consumption, and unprotected exposure to both indus-
trial chemicals and degreasing chemicals. Final statistical models used only
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the significant covariates and two-way interactions for adjustment. The two
porphyrin measurements were analyzed only in the continuous form. The over-
all summary results of the analyses of these 11 variables are given in
Table 13-19.

The results shoved a significantly lover mean SGPT level, a greater mean
alkaline phosphatase level, a lover mean uroporphyrin level for Ranch Hands
as contrasted vith Comparisons, and a marginally significant greater mean
coproporphyrin level. Only in the instance of alkaline phosphatase did the
discrete analysis approach statistical significance. No group differences
were noted for SGOT, GGTP, total and direct bilirubin, LDH, cholesterol, or
triglycerides. However, an analysis using only the Original-Comparisons
revealed a significantly greater mean cholesterol level in the Comparison
group. A review of the covariate-effects in the adjusted statistical models
revealed that all covariates behaved as expected with the exception of alco-
hol consumption for the alkaline phosphatase analysis, which shoved an in-
verse relationship with vine consumption.

Exploration of group-by-group covariate interactions for alkaline phos-
phatase, direct bilirubin, triglycerides, SGOT, and uroporphyrins revealed
significant group differences within specific covariate strata. In particu-
lar, Ranch Hands exposed to industrial chemicals had a significantly higher
adjusted mean level of alkaline phosphatase and a significantly higher abnor-
mal prevalence rate of direct bilirubin than similarly exposed Comparisons.
For triglycerides, Ranch Hands born in or before 1922 had a significantly
higher adjusted mean level than similar aged Comparisons, while Ranch Hand
officers exhibited a significantly higher abnormal prevalence rate than Com-
parison officers. For SGOT, Ranch Hand moderate current drinkers (more than

* one to four drinks per day) had a significantly higher mean level than cor-
responding Comparisons. In the opposite direction, Comparisons with a mean
BUN level less than or equal to 14 (median for all participants) were found
to have a significantly higher adjusted mean uroporphyrin level than similar
Ranch Hands. These results did not disclose any common pattern detrimental
to the Ranch Hand group.

These findings were generally consistent with the 1982 Baseline data,
which disclosed a significantly increased mean cholesterol level in the
Comparisons and nonsignificant Ranch Hand mean elevations for GGTP and LDH.
Slight differences in analytic results are probably due to the use of more
fully adjusted models used for the follovup examination data.

Overall, the follovup examination laboratory data shoved no adverse
clinical or exposure patterns in either group. Further, the detection of
significant mean shifts (still within normal range) by the continuous statis-
tical tests, not mirrored by the categorical tests, suggests a circumstance
of statistical power rather than findings of biological relevance.

Of the five significant or marginally significant results that were
found in the adjusted exposure index analyses, four exhibited a trend sug-
gestive of an increasing dose-response relationship. In the enlisted flyer
cohort, the percentages of SGPT abormalities were significantly di-ferent and
increased from the low to the high exposure categories. The corresponding
mean values were marginally significantly different among exposure levels.
Also, the mean levels of total bilirubin were marginally significantly dif-
ferent among exposure levels, increasing with exposure level. For enlisted

* groundcrew, the percentage of SCOT abhormalities significantly differed among
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TABLE 13-.9.

Overall Summary Results of Unadjusted
and Adjusted Analyses of Nine Hepatic Function Variables

and Two Porphyrin Metabolite Tests

Unadjusted AdJusted* Direction

Mean Categorical Mean Categorical of
Variable cc CD DD Results**

Questionnaire

Liver Disease
(Lifetime History)

Hepatitis -- NS .. .. ..
Jaundice -- NS .. .. ..
Cirrhosis -- NS .. .. ..
Enlarged Liver -N NS .. .. ..
Miscellaneous -- NS. - . .. ..
Liver Disorders

Peptic Ulcer
Disease -- NS NS

Physical Examination

Hepatomegaly -- NS* .RH>C

Laboratory Testing

SGOT NS NS NS **** NS
SGPT NS* NS 0.948 0.029 NS C>RH
"GTP NS NS NS NS NS

Alkaline Phosphate 0.009 NS 0.008 **** NS* RH>C
Total Bilirubin NS NS NS NS NS
Direct Bilirubin NS NS NS NS
LDH NS NS **** NS NS
Cholesterol NS NS NS NS NS
Triglycerides NS NS **** NS
Uroporphyrin 0.048 -- * C>RH
Coproporphyrin NS* -- NS* .. .. RH>C

Questionnaire-Laboratory Correlation
Skin Bruises, Patches,-- 0.001 PRH>C
and Sensitivity

*C: Continuous
D: Discrete

**RH>C: more abnormalities, or higher mean value, in Ranch Hands.
C>RH: more abnormalities, or higher mean value, in Comparisons.

"Adjusted for blood type.
NS: Not significant (p>0.10).
NS*: Borderline significant (0.05<p_.10).

-- Analysis not performed. 4
****Group-by-covariate interaction.
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exposure levels. Within the enlisted flyer cohort, all nine laboratory tests
of hepatic function had the lowest percentage of abnormalities in the low
exposure category; correspondingly, six of the nine mean ievels were lowest
for the low exposure category. Of the tan group-by-covariate interactions
that were found, three (SGOT, SGPT, and GGTP) supported a dose-response rela-
tionship in the enlisted groundcrev cohort. Exploration of these inter-
actions revealed a trend that shoved an increasing association between cur-
rent alcohol consumption and the dependent variables for increajing exposure
levels.

Longitudinal analyses for SGOT, SGPT, and GGTP disclosed no statistic-
ally significant group differences in the mean shifts from the Baseline to
the follovup examination.

Interval reporting of PCT-like symptoms of skin patches, bruises, and
sensitivity was significantly increased in the Ranch Hands (p-O.O01). How-
ever, when these historic data vere contrasted to both uroporphyrin and
coprvporphyrin abnormalities, no correlation was apparent, nor were there any
significant group differences. Since an elevation in the uroporphyrin level
is required for a diagnosis of PCT, the historic data were retabulated with
only uroporphyrin abnormalities; again, no group differences were apparent,
innd, in fact, uroporphyrin abnormalities in both groups were higher in those
participants without a history of skin disorders than in those participants
with such a history. The likelihood of bona fide PCT among study partici-
pants, and particularly among the Ranch Hands, appears to be remote.

In conclusion, the follovup examination disclosed more statistically
significant findings for tests of liver function than the Baseline exami-

* nation, but they were equally divided between the two groups and did not
demonstrate clinical, statistical, or exposure patterns consistent with an
herbicide-related effect on health. No evidence was found to suggest an
increased likelihood of PCT among the Ranch Hand group.
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CHAPTUr 14

DDKTOGIUCAL EVAW&TIAI'O

IWODUCTICK

The skin is a major target iegan following heavy exposure to chlorophe-
nols and dioxin and, therefore, is a primary focus of th,& AFHS clinical exam-
ination.

Since the assocla~ion betveen, chlorinated chemicals and chloracne was
first noted in 1957, ' a variety of animal expe'-iments have shown the dermal
sensitivity of rabbits, monkeys, and hairless mice to TCDO, 2,4,5-T (contami-
nated with TCDD), atd7other chlorinated dibenso compounds, furans, or their

rominated analogs. Chlo-acne is not associated vith exposure to 2,4-D."
Accidental exposure to waste oils containing TCDD has caused signi•icant
dermal symptoms, including loss of hair, ulceratiy'e dermatitis, and inflamed
mucous membranes in horses, dogs, cats, and mice. , Studies have suggested
that the chloracnegens induce a series of nathological skin changes in Jtrget
cells of the epithelial lining of sebaceous glands via the Ah receptor.
ayperkeratinization of these cells eventually leads to the formation of the
comedone characteristic of acne.

0 In humans, development of the hallmark rash, chloracne, is generally
acknowledged to represent subtantial topical or syrtemic exposure to one or
more chloracnegens. 6 - Acute fulminmnt chloracne is characterized by
a maculcpapular rash of active comedones, conforming to an eyeglass or facial
butterflyj •stribution, often accompanied by chest, back, or eyelid
lesions. I

The severity of the chloracne appears to be generally dose related, but
may also depend on the route of administration, age, genetic piefispsition,
and/or the existence of acne vulgaris or other skin disorders. ' ' O4ca-
sionally, exposure, via contaminated clothes aý industrial worker, has
been associated with chloracne in family members. Sequelae from severe
chloracne include actinic elastosis,,ape scars, disfigurement, excessive
hair growth, and Peyronie's disease. Severe chloracne is often accom-
panied by acute effects in other organ systems. In contrast, low to moderate
exposure to chloracnegens generally produces mild chloracne with few, if any,
attendant systemic signs and symptoms.

Tho clinical diagnosis of acute chloracne is easier than the diagnosis
of subacute and chronic chloracne. In the latter instances, a history of
exposure to chloracnegens is essential in the diagnosis, particularly if the
individual has experienced adolescent acne. Chroni 6 chloracne has been
clinically observed more than 30 y'ars after onset, but a biopsy is often
necessary to confirm these cases. Mild or transient cases of chloracne may
be confused with persistent adolescent acne or other skin conditions.
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As noted in the APHS Baseline Morbidity Report, over one-half of the
veteran complaints in the Veterans Administration Herhicide Registry involved
dermatological conditions, a fact sometimes alluded to as "evidence" of ex-
posure to Agent Orange. In actuality, skin disease was a major medical prob-
lem among American troops serving in Vietnam. Forty-seven percent of the
combat-days lost in the 9th Infantry D1ision from July 1968 to June 1969
were due to dermatological conditions. These diseases were directly
related to the tropical climate and terrain. Only in rare cases has the
Veterans Administration made a diagnosis of chloracne in a Vietnam combat
veteran. The natural history of chloracne suggests that most cases should
have been diagnosig while in Vietnam, but a dermatological survey failed to
reveal any cases.

Most recogiized chloracne cases have been diagnosed in chemical plant
workers or in victims of industrial accidents. Thousands of cases were
recorded in the 1930-1940 era, and 11rlier descriptions of chloracne-like
disease were found in 1897 to 1901. Industrial exposure to chloracnegens
has been generally characterized as moderate-prolonged or severe-acute. In
the setting of casual-sporadic exposure, as in the typical cases of the con-
tami-ated housing areas in Times Beacq ljssouri, and the Quail Run Trailer
Park, chloracne is virtually unknown.

A number of dioxin morbidity studies have ^oy l y7= fsring of abnormal
laboratory tests in individuals with chloracne. - This has led
some investigators to believe that long, term sequelae to dioxin exposure will
be found only in people with chloracne. Other investigators feel that this
belief is not consistent with normal spectru•-2--i llness concepts and that
effects may occur in the absence of chloracne.

Baseline SunRay Resits

The 1982 Baseline clinical ezaaination cevealed an unexpected signifi-
cant excess (p-O.03) of basal cel7. carcinoma in the Ranch Hand group. Risk
factor data (e.g., sun exposure, host factors o! tannability, complexion)
were not collected in 1982.

The 1982 examination focused on the diagnosis of chloracne both in his-
torical terms by a detailed questionnaire and ir contemporary terms via a
comprehensive clinical assessment. The questioranaite data did'not demon-
strate anatomic, incidence, or onset-time patterns of acne in the Ranch Hand
group that might support an inference of past chloracne, nor did the physical
ext.mination detect a single case. Fourteen biopsies from 11 participants
also failed to document a chloracne diagnosis. A dermatology Index (the
number of clinically detected skin abnormalities per individual) was virtu-
ally identical between the Ranch Hand and Comparison groups, and was asso-
ciated with the history of past acne in both groups. No exposure level
associations were noted in any occupational category of the Ranch Hand group.
The comprehensive dermatological assessment did not reveal evidence of past
or current chloracne in the Ranch Hand group.

Parameters of the 1985 Dermatolteical Evaluation

Questionnaire data recaptured many of the acne parameters of the 1982
questionnaire, and the physical examination parameters were similar to the
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19,. Baseline examination. Particular emphasis was given to the diagnosis of
basal cell carcinema and to the collection of risk factor data, e.g., skin
color, reaction to sun, ethnic.'•y (see Chapter 10, Malignancy).

Thue, the dependent variables arid covariates of the analyses below
closeY,; approximated those previously conducted on the Baseline examination
and questionnaive data. The adjusted statistical analyses were based on
logistic regression (%MDP*-LR) and log-linear models (BMDPO-4F), and the
unadjusted analyses primarily use Pearson's chi-square test and Fisher's
exait test. In addition, an empiric Venn diagram was used to explore the
pot'ntial of historic chloracne. Parallel analyse3 usina only Original Com-
parisons are presented in Tables L-3 through L-11 of Appendix L.

RES1LTS AND DISCUSSION

General

Detailed dermtcological data were obtained by standard physical examina-
tion techniques. Numeric differences in summary tables reflect missing de-
pendent variable and undeterminable covariate information. One participant
refused the darmatolcgy examination; consequently, all skin disorder analyses
were based on 2,308 participants. Detw were collected on 22 skin disorders,
which were in turn reduced to eight variables for Lnalysis: comedones, acne-
ifo-m lesl.as, acneiform scars, depiguentation, inclusion cysts, hyperpig-
mertAtion, other abnormalities, and the dermatology index. Descriptions of
s!:in biopsies, whic.& were also conducted at the physical examination, are
given in this chapter. Pollowup questionnaire information, regarding the
prosence, time, and location oi acne was also analyzed. The analyses in this
chapter first investigate questionnaire information on acne, and subsequent
analyses center upon th.. eight ski.n disorder variables and the skin biopsies.

Four covarictes were Included in this analysis: age, race, occupation,
and presence of acne before duty in Southeast Asia. Age is used in its con-
tinuous form ior al1 adjustel logistic regression analyses, but age is tri-
cthotomized (born in 1942 or a:Lter, born between 1923 and 1941, an% born in
1922 or before) foe prr:sentation in summary tables and for use in dependent
varia;!' and covariate association analyses and log-linear models. Partici-
pants %-re categorized as either Black or nonblack. Occupaticn vas. divided
into the three classifications of officer, enlisted flyer, and enlisted
gr-undcrew. Samule size differences in subsequent adjusted analyses reflect
missing depende- varia!,le data or missing data on the presence of ac•,e
before duty in southeast Aria.

Questionnaire Data

The acne status of each participant was determined by Baseline and
fnlLowup quest'onnaire information. In particular, the cccurrence of acne
and the dates for acne occurrence have been determined and analyzed. Addi-
t'onally, the analysis of the loc3tion ot acne is presented for a subset of
the participants who have had acne.

Figure 14-1 below Is a diagram explaining the occurrenze of acne by time
determination for the 309 participants, along with frequencies and an
explea....cion of terms.

14-3



ToI
Determination

Presence of Acne

All Acne in 1961 or Before
YesYes (for Participants with

(894) (11415)Acne)

Acne Reference to
Beginning of First SEA
Tour of Duty (for

SParticipants with Acne
a Sometime after 1961)

(379) ~(510)(5

(1381 1 146) (21)
(205)

Yes to Acne - Reported arne on Loth/either Baseline and/or followup study.

No to Acne - Never had acne.

Pre-1961 Acne - Participants with acne who had last occurnence of acne in or Iefore 1961.

Post-1961 Acne - Participants with acne who had an occurrence of acne sometime after 1961.

Undetermined - Time reference not determinable from date information available.

Pre-SEA Acne - Participants with post-1961 acne who had all occurrences of acne before the start of
first Southeast Asia (SEA) tour (as determined from military records).

Post-SEA Acne - Participants wih post-1961 acne who had all occurrences of acne after the start of
first SEA tour.

Pre- and Post-SEA Acne - Participants with post-1961 acne who had multiple occurrences, both
before and after the start of first SEA tour, or a case of acne that began
before the start of first SEA tour and that ended after starting SEA tour.

: Analysis of location of acne performed for these participants.

Figure 14-1.
Occurrence of Acne by Time for

First Followup Pa;itcipants
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The distinction was made between pre-1961 and post-1961, since herbicide
missions in Vietnam commenced in 1962. Responses of 2,309 participants
indicated that 1,415 individuals never had acne, 379 had acne before 1961,
138 had acne after 1961 but before duty in SEA, 205 had acne both before and
after duty in SEA, 146 had acne only after SEA duty, and 26 participants
could not be specifically classified.

Occurrence of Acne

The reported occurrence of acne, as determined by Baseline and followup
questionnaires, is displayed in Table 14-1. The analysis shoved that the
Ranch Hand group reported slightly more acne than t:,e Comparison group,
although the difference is nonsignificant (p0.0111). Analyses using Original
Comparisons only shoved a borderline significance (p.0.071) found in TablL L-3
of Appendix L.

The participants who responded "yes" to acne were categorized according
to whether thair acne occurred before or after 1961. The distribution of
pre-1961 versus post-1961 acne is given in Table 14-2.

TABIX. 14-1.

Unadjusted Analys' for Reported Historical
Occurrenct,, of Acne by Group

Acne

Yes No
Summary

Group Number Percent Number Percent Total Statistics

Ranch Hand 412 40.6 604 59.4 1,016 Est. MR: 1.15
Comparison 482 37.3 811 62.7 1,293 95Z C.I.:

(0.97,1.36)
p-Value: 0.111

Total 894 1,415 2,309
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TAMtL 14-2.

Unadjusted Analysis for Reported Historical Occurrence of Acne
Relative to 1961 by Group*

Occurrence of Acne

Post-1961 Pre-1961
Summary

Group Number Percent Number Percent Total Statirtics

Ranch Hand 239 58.3 171 41.7 410 Est. RR: (for post-
Comparison 271 56.6 208 43.4 479 1961 cases): 1.0795% C.I.: (C.82,

1.04)
p-Value: 0.634

Total 510 379 889

*Five participants deleted due to missing data at time of occurrence.

As shown, no significant difference in the distribution of post-1961
versus pre-1961 acne existed between Ranch Hands and Comparisons (p.0.634).

Cases of post-1961 acne were classified to SEA tour(s) of duty, as
determined by military records. The distribution of post-1961 acne cases
relative to SZA is shown in Table 14-3.

This marginal significance (p.0.058) was due primarily to a larger
percentage of Ranch Hands in the post-SEA category, as contrasted with the
Compar 4 sons (35.1Z versus 25.3Z).

Duration of Acne

The approximate duration o4 acne was examined among the three SEA
categories by group using r- two-factor analysis of variance. The calculation
of acne duration for-participants with multiple occurrences in overlapping
time periods counted time periods only once. A square root transformation
was used to normalize the duration data. Results from duration of acne
analyses are given in Table 14-4.
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TABLE 14-3.

Unadjusted Analysis for Reported Historical Occurrence of Acne
Relative to SEA Tour of Duty for Post-1961 Acne by Group*

Post-1961 Acne

Pre- and
Pre-SEA Post-SEA Post-SEA

Group Number Per ent Number Percent Number Percent Total p-Value

Ranch Hand 58 25.4 80 35.1 90 39.5 228 0.058
Comparison 80 30.7 66 25.3 115 44.1 261

Total 138 146 205 489

*Twenty-one post-1961 participants with acne deleted due to missing data on time
of occurrence.

TABLE 14-4.

Adjusted Analysis for Duration of Acne (in Years)
for Post-1961 Acne by Group*

Adjusted Covariate
Group Total Mean** 95X C.I.** p-Value Remarks

Ranch Hand 219 8.18 (7.43,8.96) 0.189 Time Reference to
Comparison 252 7.49 (6.82,8.19) SEA (p<O.001)

Total 471

*Eighteen participan'ts deleted due to missing data on time of occurrence.
**Converted from square root scale.

This adjusted analysis shoved no significant effect due to group
(p-0.189), but a highly significant effect due to SEA category (p<0.001),
with the pre- and post-SEA categcry having higher mean durations than the
pre-SEA or post-SEA categories, which were nearly identical. No interaction
was present between group and SEA category (p=0. 3 14 ). A categorical analysis
was performed, in which durati-n was categorized into 5-year increments (five
ducation categories, the last being greater than 20 years). There was no
significant difference between groups (pre-SEA, p-0.520; post-SEA, p-0.776;
pre- and post-SEA, p-0.880).

Location of Acne

The location of acne for participants classitied as post-SEA or pLe- and
post-SEA (351 participants) was analyzed. Spatial distribution of acne with
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primary emphasis on acne on the temples, around the eyes, or on the ears was
determined from the questionnaire; these data are presented in Figures 14-2
and 14-3. Figure 14-2 shows the distribution of acne for Ranch Hands and
Comparisons, for post-SEA and pre- and post-SEA participants combined, where-
si Figure 14-3 represents a similar distribution for only post-SEA partici-
pants. If more than one episode of acne occurred, cases involving the tem-
ples, eyes, or ears took precedence. Also, multiple-site involvement took
precedence over single-site involvement.

The Ranch Hand and Comparison Venn diagrams were contrasted by chi-
square analysis of a 2x8 table, and no difference in the spatial distribution
was noted for the combination of pre- and post-SEA and post-SEA groups
(p.0.706), or for the analysis of only the post-SEA group (p.0.699). Sparse
data cells were present in the analysis of both figures. Differences in
spatial distributions were also not evident when the "other sites" classi-
fication was deleted (p.0.770 and p-0. 6 6 4, respectively). If the intersec-
tion of the circles in these figures (i.e., temples, ears, and eyes) is
contrasted with the rest of the locations of acne, no significant difference
is seen (p.0.189 and p-0.627 for the combination of post-SEA and pre- and
post-SEA groups and for only the post-SEA group, respectively).

Physical Examination Data

Twenty-two skin disorders were assessed at the dermatological examina-
tion (page C-9 of Appendix C). These disorders were combined into eight
variables for analytic purposes. Comedones, acneiform lesions, acneiform
scars, depigmentation, inclusion cysts, and hyperpigmentation were analyzed
separately. The remaining 16 conditions were grouped to form a broad vari-
able called "other abnormalities." Analysis of skin cancer is included in-
the malignancy chapter and will not be discussed here. Additionally,
comedones, acneiform lesions, acneiform scars, and inclusion cysts were
grouped to construct a dermatology index, which summed the number of abnor-
malities for these four conditions for each participant. Logistic regression
techniques, with the use of BMDPO-LR, were utilized for adjusted alalys 4 j of
all these variables except the dermatology index, which used BMDP*--.. The
sample sizes were sufficient to detect a 27-percent increase in the preva-
lence rate for comedones, a 30 percent increase in the prevalence r . for
acneiform scars, and a 12 percent increase in the prevalence of at least one
abnormality for the dermatology index, using a two-sided a -level of 0.05
with a power of 0.80. No cases of chloracne were chemically diagnosed.

Preliminary Dependent Variables and Covariate Relationships

The association of the eight skin disorder variables in both groups and
the covariates of age (born in or ,,fter 1942, born between 1923 and 1941, born
in or before 1922), race (Black or nonblack), occupation, and presence of pre-
SEA a.hne (yes/no) was assessed using Pearson's Chi-square test and Fisher's
exact test. Table 14-5 is a summary of the associations of the dependent
variables with these four covariates. Seven additional participants, who were
initially classified as "undetermined," were reclassified as having acne
before duty in SEA, based on data gathered by telephone. Nineteen partici-
pants were omitted from analyses involving presence of pre-SEA acne, because
historical information on the date of onset of acne was not available.
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Ranch Hand

Comparison
1210

Other Sites n-168

Figure 14-2.
Location of Post-SEA and Pre-

and Post-SEA Acne by Group

0
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Ranch Hand

53

Other Sites n-80

Comparison

7 2

OthermSies Eyes

Figure 14-3.

Location of Post-SEA and
Acne by Group

484
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TABLE 14--j.

Association Between Dermtologica] Variables and
Age, Race, Occupation, and Pre-SIA Acne in the

Combined Ranch Hand and Comparison Groups

Variable Age Race Occupation Pre-SEA Acne

Comedones <0.001 <0.001 <0.001 NS
Acneiform Lesionr <0.001 NS* NS* <0.001
Acneiform Scars <0.001 <0.001 <0.001 <0.001
Depigmentation NS 0.009 NS NS
Inclusion Cysts NS NS 0.036 NS
Hyperpigmentation NS <0.001 <0.001 0.003
Other Abnormalities <0.001 <0.001 <0.001 NS*
Dermatology Index NS NS 0.010 <0.001

NS: Not significant (p>0.10)

NS*: Borderline significant (0.05<p<0.10) effect with variable.

Age had a significant effect on four of the variables. Prevalence rates
for comedones and other abnormalities were highest for older participants
(born in or before 1922). On the other hand, the prevalence of acneiform
lesions and acneiform scars was higher in the younger participants (born in
or after 1942).

Nonblacks had a significantly higher prevalence of comedones and other
abnormalities and a marginally significant increase (p0.055) in acneiform
lesions; Blacks had a significantly higher prevalence rate for acneiform
scars, depigmentation, and hyperpigmentation.

Occupation had a significant or marginally significant effect on seven
of the eight variables, with either enlisted flyers or enlisted groundcrev
generally having a higher percentage of abnormalities.

Participants with pre-SEA acne had a significantly higher prevalence
rate for acneiform lesions and acneiform scars, and a higher percentage Vith
at least one abnormality in the dermatology index. Pr-f.cipants without acne
pre-SEA bhd a significantly higher prevalence rate t,,. hyperpigmentation, and
a marginally significantly higher prevalence rate (p.0.084) for other
abnormalities.

Analyses of Individual Dependent Variables

Comedones

As reflected in Table 14-6, there was not a s.gnificant difference
(p-0.361) between the proportion of participants with comedones in the Ranch
Hand aad Comparison groups, unadjusted for any covariates.
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TABLE 14-6.

Unadjuated Analysis for Comedones by Group

Comedones

Present Absent
Summary

Group Number Percent Number Percent Total Statistics

Ranch Hand 250 24.6 766 75.4 1,016 Est. RR: 0.91
Comparison 340 26.3 952 73.7 1,292 95% C.I.:

(0.76,1.10)
p-Value: 0.361

Tests of association between the presence of comecones in both groups
and the four covariates indicated that there was not a significant effect due
to the presence of pre-SEA acne (p-0.3 5 5), tut that there were significant
effects due to occupation (p<O.001), age (p<0.001), and race (p<O.001). The
proportion of participants with comedones increased with age (18.9% for par-
ticipants born in or after 1942, 29.8% for participants born between 1923 and
1941, and 37.9% for participants born in or before 1922). Significantly more
nonblacks had comedones than Blacks (26.5% versus 11.9%), and enlisted flyers
had more than enlisted groundcrev or officers (34.4%, 24.8%, and 22.6%,
resoectively).

An adjusted analysis of the proportion of participants with comedones
was performed using logistic regression techniques. Results are presented in
Table 14-7.

TABLE 14-7.

Adjusted Analysis for Comedones by Group

Adjusted
Ranch Hand Comparison Relativa Risk Covariate

Total Total (95% C.I.) p-Value Remarks

1,007 1,282 0.89 (0.74,1.09) 0.260 Occupation
(p<0.001)

Presence of
Pre-SEA Acne
(p.0.038)

Race-by-Age
(p-0.046)

1
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Again, no significant differences were found between groups (p.0.260).
Occupation, pre-SEA acne, and a race-by-age interaction were significant
(p<0.001, p.0.038, and p-0.046, respectively).

Compared to Baseline findings, the percentage of participants with
comedones increased in the Comparison group but decreased in the Ranch Hand
group. Estimated and adjusted relative risks were both less than 1.0 in the
follovup study, while the estimated relative risk in the Baseline study was
slightly greater than 1.0 (RR.1.05, with Original Comparisons used), but
statistically nonsignificant.

Atneiforu Lesions

As shown in Table 14-8, there was not a significant difference between
the proportion of participants with acneiform lesions in the Ranch Hand and
Comparison groups, unadjusted for any covariates (p.0.624).

TABLE 14-8.

Unadjusted Analysis for Acnetform Lesions by Group

Acneiform Lesions

Present Absent
Summary

Group Number Percent Number Percent Total Statistics

Ranch Hand 188 18.5 828 81.5 1,0'- Est. RR: 1.06
Comparison 228 17.6 1,064 82.4 1,292 95% C.I.:

(0.86,1.31)
p-Value: 0.624

Tests of association between the presence of acneiform lesions in both
groups and the four covariates revealed marginally significant effects due to
race (p-0.055) and occupation (p.0.064), and significant effects for age
(p<0.001) arad presence of pre-SEA acne (p<0.O01). Nonblacks had a marginally
significantly higher proportion of participants with acneiform lesions than
Blacks (18.41 versus 11.9%). The proportion of participants with lesions was
greatest for enlisted groundcrev (20.1%), as compared to the other occupa-
tions (officers, 16.4%; enlisted flyers, 16.OZ). The proportion of partici-
pants with acneiform lesions decreased with age (born in or after 1942,
23.0%; born between 1923 and 1941, 14.8%; born in or before 1922, 10.3%). A
significantly higher proportion of participants with acne present before SEA
had lesions (22.4%), as compared with those not having acne before SEA
(16.0X).

An adjusted analysis of the proportion of participants with acneiform
lesions was performed using logistic regression techniques. Results of this
analysis are summarized in Table 14-9.
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TABLE 14-9.

Adjusted Analysis for Acneifou-m Lesions by Group

Adjusted
Ranch Hand Comparison Relative Risk Covariate

Total Total (95X C.I.) p-Value Remarks

1,007 1,232 1.08 (0.87,1.34% 0.512 Age (p<0.O01)
Race (p.0 .0 1 4 )
Presence of

Pre-SEA Acne
(P-0.0 AN

The results shoved no significant differences between groups (p.0.512).
Age (p<0.001), race (p-O.0G4), and presence of pre-SEA acne (p=O.008) were
significant adjusting variables in this analysis. The Baseline and followup
results for acneiform lesionj were nearly identical with respect to group
differences.

Acneiform Scars

Table 14-10 shows no significant difference between the proportion of
participants with acneiform scars in the Ranch Hand and Comparison groups,-
unadjusted for any covariates (p=0.720).

TABLE 14-10.

Unadjusted Analysis for Acneiform Scars by Group

Acnciform Scars

Present Absent
Summary

Group Number Percent Number Percent Total Statistics

Ranch Hand 150 14.8 866 85.2 1,016 Est. RR: 1.05
Comparison 183 14.2 1,109 85.8 1,29:2 95X C.I.:

(0.83,1.33)
p-Value: 0.720

Tests of association between the presence of acnelform scars in both
groups and the covariates disclosed significant effects due to the four
variables (p<O.O01). As age increased, tLe proportion of participants with
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acneiform scars decreased (17.9% for participants born in or after 1942,
12.4% for participants born betveen 1923 and 1941, and 5.7% for participants
born in or before 1922). Significantly more Blacks had scars than nonblacks
(28.0% and 13.5Z, respectively), and enlisted personnel had more than
officers (enlisted groundcrew, 16.9%; enlisted flyers, 16.5%; and officers,
10.4%). The pre-SEA acne classification had a significantly higher
proportion of participants with acneiform scars than the non pre-SEA acne
classification.

An adjusted analysis of the proportion of participants with acneiform
scarz was performed using logistic regression techniques. Results are given
in Table 14-11.

TABLE 14-11•

Adjusted Analysis for Acneiforu Scars by Group

Adjusted
Ranch Hand Comparison Relative Risk Covariate

Total Total (95% C.I.) p-Value Remarks

1,007 1,282 1.07 (0.84,1.35) 0.584 Age (p.0.006)
Race (p<0.001)
Occupation

(p-O.016)
Presence of

Pre-SEA Acne
(p<0.001)

No significant group differences were found (p-0.584). As in the
covariate analysis with acneiform scars, significant effects in the adjusted
analysis were observed due to all four covariates (age, p-0.006; race,
p<0.001; occupation, p-O.016; presence of pre-SEA acne, p<0.001). The
results for acneiform scars, as with the acneiform lesions, were quite
similar in the follovup and Baseline studies.

_Depigmntation

Table 14-12 shows the contrast between the proportion of participants
with depiquentation in the Ranch Hand and Comparison groups, unadjusted for
any covariates. The proportion of participants with depigmentation was
greater in the Comparison than in the Ranch Hand group; however, the
di-ference between groups was nonsignificant (p.0.143).
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TABLS 14-12.

Unadjusted Analysis for Depigentation by Group

Depigmentation

Present Absent
Summary

Group Number Percent Number Percent Total Statistics

Ranch Hand 102 10.0 914 90.0 1,016 Est. RR: 0.82
Comparison 155 12.0 1,137 88.0 1,292 95% C.I.:

(0.63,1.07)
p-Value: 0.143

Tests of association betveer, the presence of depigmentation in both
groups and the four covariates determined a significant effect due to race
(p-.0009), but showed nonsignificant effects for age, occupation, and
presence of pre-SEA ache.

An adjusted analysis of the p:oportion of participants with depigmen-
tation was performed using logistic regression techniques. The statistics
are presented in Table 14-13.

TARLE 14-13.

Adjusted Analysis for Depigmentation by Group

Adjusted
Ranch Hand Comparison Relative Risk Covariaoe

Total Total (95% C.I.) p-Value Remarks

1,016 1,292 0.82 (0.63,1.07) 0.144 Race (p.0.010)

No significant difference was observed between groups (p.0.144). Race
was the only significant covarlate in this adjusted analysis (p.0.010).
Depigmentation was not analyzed in the Baseline study.

Inclusion Cysts

As reflected in Table 14-14, there was not a significant difference
between the proportion of participants with inclusion cysts in the Ranch Hand
and Comparison groups, unadjusted for any covariates (p.0.303).
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TABLI 14-14.

Unadjusted Analysis for Inclusion Cysts by Group

Inclusion Cysts

Present Absent
Summary

Group Number Percent Number Percent Total Statistics

Ranch Hnnd 114 11.2 902 88.8 1,016 Ect. RR: 0.87
Comparison 164 12.7 1,128 87.3 1,292 95% (X..:

(0.67,1.12)
p-Value: 0.303

Tests of association between the presence of inclusion cysts in both
groups and the covariates of age, race, occupation, and presence of pre-SFA
acne shoved no significant effects due to age (p.0.437), race (p.0.506), or
presence of pre-SHA acne (p-O.449). Occupation, however, exhibited a signif-
icant effect (p.0.036), with the enlisted flyer category'having the highest
proportion of participants with inclusion cysts (15.8% versus 11.9% and 10.8%
for officers and enlisted groundcrev, respectively.

An adjusted analysi3 of the proportion of participants with inclusion
cysts was performed using logistic regression techniques. Results are
presented in Table 14-15.

TABLE 14-15.

Adjusted Analysis for Inclusion Cysts by Group

Adjusted
Ranch Hand Comparison Relative Risk Covariate

Total Total (95% 'I.) p-Value Remarks

1,016 1,292 0.86 (0.67,1.12) 0.260 Occupation
(p=0.041)

No significant differences for inclusion cysts weLe found betwern the
Ranch Hand and the Comparison groups (p.0.260). Occupation was the only
signiiicant covariate in this analysis (p.0.041).

Vita reference to the Baseline study, he percentage of participants
with inclusion cysts at the follovup increased in the Comparison group, and
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decreased slightly in the Ranch Hand group. These differences could be due
to changes in disease over time, different examiners, or changes in the
cohorts examined. Both estimated and adjusted relative risks were less than
one in the follovup, while the estimated relative risk at the Baseline was
slightly greater than one (RR.1.10 for Original Comparisons) but was not
statistically significant.

Hyperpigumutation

Table 14-16 shows there was not a significant differente between the
proportion of participants with hyperpigmentation in the Ranch Hand and
Comparicon groups, unadjusted for any covariates (p-0.762).

TAB-• 14-16.

Unadjusted .4alysis for Hyperpigmentation by Group

Hyperpiguentation

Present Absent Summary
Group Number Percent Number Itrcent Total Statistics

Ranch Hand 228 22.4 788 77.6 1,016 Est. RR: 1.03
Comparison 283 21,9 1,009 78.1 1,292 952 C.I.:

(0.85,1.26)
p-Vnlua: 0.762

Tests of association between the presence of hyperpigmentation in both
groups and the four covariates revealed there was not a significant effect
due to age (p.0.833), but that significant effects were due to racaf
(p<0.001), occupation (p<0.001), and presence of pre-SSA acne fp=0.003).
Blacks had a much higher prevalence of hyperpigmantation than nonblacks
(53.1% for Blacks, 20.12 for nonblacks), and enlisted personnel had a higher
prevalence of hyperpigmentation than officers (enlisted groundcrev, 25.5%;
enlisted flyers, 23.5Z; officers, 17.4%). The proportion of participants
with hyperpigmentation was greater in the absence of pre-SEA acne (21.8Z)
than in the presence of pre-SEA acne (18.2Z).

An adjusted analysis of the proportion of participants with hyper-
pigmentation was performed using logistic regression techniques. Results are
given in Table 14-17.
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TABLU 14-17.

Adjusted Analysis for Hyperpigmentation by Group

Adjus ted
Ranch Hand Comparison helative Risk Covariate

Total Total (932 C.I.) p.Valve Remarkiq

1,007 1,282 1.04 (0.85,1.27) 0.720 Race (p<0.001)
Occtpa t ion
(p-0.0O9 )

Presence of
Pre-SEA Acne
(.p.0.0O9 )

No significant group differences (p.0.720) were noted, although signi-
ficant effects o! race (p<0.001), occupation (p.0.009), and presence of
pre-SEA acn, (p.0.009) yere evident.

The pz'portion of participants vith hyperpigmentation has increased
since the Baselin, study. Almost three times as many abnormalities were
found at the follovup study (approximately 22Z versus 8Z). The relative risk
estimate vas closer to 1 in the follovup study, but relative risks from both

* the Baseline and follovup studies were not significantly different from 1.
These differences could be due to disease or examirg.ition techniques.

OtheAr Amormalitiea

The study of other abnormalities encompassed a vide range of dermato-
logical disorders. Included in th i s variable were the following
abnormalitiest

(1) Jaundice (9) Conjunctival Abnormality
(2) Spider Anglomata (10) Oral Nucosal Abnormality
(3) Palmar grythema (11) Fingernail Abnormality
(4) Suspected Melanoma (12) Toenail Abnormality
(5) Palmer Keratoses (13) Derzatographia
(6) Actinic Keratosfa) (14) Cutis Rhomboidalir
(7) Petechiae (15) Suspected Basal Cell Carcinoma
(8) Bcchymoses (16) Suspected Squamous Cell Carcinoma

Vith respect to the category 'Other Abnormalities," a part.4 cipant was
considered normal only if he vas. negative for all of these conditions. If-
one or more abnormalities existed, then the participant vac convidered
abnormal.
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As reflected in Table 14-18, there was not a significant difference
between the proportion of participants vith other abnormalities in the Ranch
Hand and Comparison groups, unadjusted for any covariates (p-0.349).

TABLE 14-18.

Unadjusted Analysis for Other Abnormalities by Group

Other Abnormalities

Abnormal Normal
SummAry

Group Number Percent Number Percent Total Stac.stics

Ranch Hand 608 59.8 408 40.2 1,016 Est. RR: 1.08
Comparison 748 57.9 544 42.1 1,292 95% C.I.:

(0.9201.28W
p-Value: 0.349

Tests of association between the presence of other abnormalities in both
groups and the four tovariates found a marginally significant effect due to
the presence of pre-SMA acne (p.0.084), and significant effects due to age
(p<0.OO1), occupation (p<0.001), and race (p<0.OOl). The proportion of
participants vith other abnormalities in the 2bsence of pre-SEA acne (59.9%)
was marginally significantly larger than the proportion of participants vith
other abnormalities vho also had pre-SEA acne (56.1%). The proportion of
participants with other abnormalities increased with age (with a lov of 43.3%
for participants born in or after 1942 to a high of 82.8% for participants
born in or before 1922). Nonblacks had a significantly and substantially
higher percentage of other abnormalities than Blacks (60.3% and 35.7%,
respectively). Enlisted groundcrev had a l.ower proportion of abnormalities
than officers or enlisted flyers (53.3%, 63.2Z, and 63.81, respectively).

An adjusted analysis of the proportion of participants vith other abnor-
aalities vas perforaw-d using logistic regession techniques. Results are
presented in Table 14-19.

Again, no significant difference was observed between groups (p.0.432).
Age and race were significant covariates in this analysis (p<0.001 for both).

In reference to the Baseline study, the percentage of participants with
other abnormalitias has increased in both the Comparison and the Ranch Hand
groups. In the Baseline study, the estimated relative risk for Ranch Hands
versus Oviginal Comparisons vas 0.77, significantly less than 1.00. The
est 4 mate of the relatiie risk has increased in the follovup study to 1.08.
The percentage of other ,hnormalities has increased from approximately
14 nercent in the B-selinu study to nearly 59 percent in the follovup study.

1
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TABLE 14-19.

Adjusted Aualysic for Other Abnormalities by Group

Adjusted
Ranch Hand Comparison Relative Risk Covariate

Total Total (95% C.I.) p-Value Remarks

1,016 1,292 1.07 (0.90,1.28) 0.432 Age (p<0.001)
Race (p<O.001)

Dermtology Index

Four of the previously analyzed conditions (comedones, acneiform lesions,
acneiform stars, and inclusion cysts) were used to.construct a dermatology
index. All four conditions are indicators of possible chloracne. The index
was formulated by counting the number of abnormalities present in a partici-
pant for the four conditions. Consequently, the dermatology index ranged
from 0 to 4, where 0 indicated that the participant had none of these abnor-
malities and 4 ia'icated that the participant had all of these abnormalities.

Table 14-20 presents the number and the percent of participants with
each of these five scores by group. A signifitant difference betveen the
Ranch Hand and Comparison groups was not observed for this deiuatology index,
unadjusted for any covariates (p.0.576, 4 d.f.).

Covariate main effect analyses found nonsignificant effects due to age
(p.0.407) and race (p-0.558), b+it significant effects for occupation
(p-.0010) and the presence if acne pre-SEA (p,10.001). These data are
summarized in Table 14-21. By occupation, 55.8 percent of the officers had
no abnormalities, whereas 50.8 percent w: the enlisted groundcrev and
44.4 percent of the enlisted flyers had no abnormalities. The stratum cor-
responding to participants with pre-SEA acne present had a larger percentage
of participants with at least one abnormality (see Table 14-21).

An adjusted analysl.s of the five scores of the dermatology index was
performed using log-linear modeling techniques. Significant effects were
noted for occupation and an interaction between group and presence of pre-SEA
acne (p=0.005, p-0.041, respectively). Consequently, an analysis, stra-
tifying by pre-SRA acne status, was performed, and the results are shown in
Table 14-22.

The adjusted relative risk for each of the index scores (1 to 4, sepa-
rately, versus the 0 score), the 95 percent confidence interval, and the
p-value for each contrast for each pre-SEA acne class are given in
Table 14-23.
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TABLE 14-23.

Adjusted Relative
Risks for Contrasts of Dersatolop

Index by Pro-SRA Class

4j usted
Relative

P-re-SEA Acne Contrast Risk 952 C.I. p-Value

Ne 1 abnormality vs.
0 abuormulities 1.12 (0.90,1.39) 0.315

2 vs. 0 '..10 (0.77,1.55) 0.605
3 vs. 0 0.77 (0.41,1.44) 0.411
4 vs. 0 5.09 (0.65,14.62) 0.155

Yes 1 vs: 0 0.60 (0.42,0.851 0.004
2 vs. 0 0.73 (0.48,1.12) 0.148
3 vs. 0 0.75 (0.39,1.43) 0.380
4 vs. 0 1.19 (0.33,4.38) 0.788

This analysis showed a significant difference 1setvien groups only when
contrasting the proportion of participants with one abnor.mality (out of four)
to the proportion of pazticlpants with no abnornalitie for participants with
pre-•EA acne (p.0. 0 04). Iovever, Comparisons were more likely to have one
abnormality than the Ranch Kands, as is evidenced by. the relative risk and
confilence interval being less than 1.

In contrast to the Baseline study, the percentage of participezts vith a
score of 1 or more has increased at the iollovup examination "L" both the
Ranch Band and Comparison groups (8.1% for Ranch Bands, 12.1% for Compari-
mons). The estimated reletive risks, when the dermatology index is condensed
into two categories, were 1.11 for the Baseline examination and 0.94 for the
follovup examination.

Biopsy Reaults

Dermatologists 4ere instructed to perform skin biopsies on any lesions
they suspected of being malinotnt. Of the 40 biopsies collected from
35 participants, none was suggestive of chloracne. Histologic descriptious
of these biopsies are presented in Table 14-24. With the exception of
confirmed basal cell ý,arcinoaa, no single diagnostic category prr-dominated.
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TAWL 14-24.

Suar of listologic Descriptions
of Sain Biopsy by Gkoup

Group

Ranch
Bistologic Description Band Comparison Coments

Basal Cell Carcinoma 7 4 ab
Suspected Basal Coll Carcinoma 0 3 b
Suspected Unspecified Carcinoma 0 1
Unspecified Carcinoma 1 0 c
Dermatofibroma 3 0
Pigmeated Hevus 1 2
Dyschronia 1 0 d
Keratodehma, Acquired 1 1 a
llelanoacanthoma (Papilloma) 0 1
Intradermal Nevuo 1 0
Junctional Nevus 0 1
Cavernous Nemangioma 0 1
Degenerative Skin Disorder 0 1
Other Specified Disorders of Skin 0 1
Local Infection of Skin 1 0 c
Other Dermatoses 5 2 c

Total 21 16

*One participant had a basal cell carcinoma at one site and an acquired
keratoderma at another site.

'One participant had a basal cell carcinoma at one site and a suspected basal
call carcinoma at another site.

"Ore participant had a local infection of the skin, a suspected unspecified
carcinoma, and a dermatosis at the same site.

dOne participant had tvo cases of dyschroaia at tvo different sites,

4
I4-26



i1, osupt Ii N[AL•U.1tS

Exposure index analyses were conducted vithin each occupational cohort
of the Ranch Band group to search for dos.-response relationships (see
Chapter 8 for details on the exposure index). The dermatology index vas
collapsed into tvo cateoriev, 0 and greater than 0. All eight derma-
tological variables vere explored, unadjuasted for any covariates, using
Pearson's chi-square test and Fisher's exact test. Adjusted analyses were
performed by ogistic regression for theme variables, using age, race,
presence of pre-S&A acne, and any significant pairvtse interactions betveen
the exposure index and these covariates. Overall significance in the
proportion of abnormalities among the exposure index levels of low, medium,
and high was determined, as yell as contrasts in the proportion of abnormal-
ities betveen the medium and loy exposure levels, and betveen the high and
loy exposure levels. qe vas used as a continuous variable ir. the adjusted
analyses.

Results of the adjusted analyses for these might variables are presented
in Table 14-25, and counterpart results for unadjusted analyses are presented
in Table L-1 of Appendix L. Results from further investigation of exposure
index by covariate interactions are given in Table L-2 of Appendix L.

Significant or mar•inally significant results were present for some of
these variables based on unadjusted analyses. A borderline significantly
higher prevalence of comedones (Est. RR: 1.78, 95X C.I.: 10.95,3.351,
p-.0064) for the contrast of medium exposure to low exposure was seen for
officers. Narginally significant results for the contrast of high exposure
to loy exposure vere also present for acneiform scars for officers (sat. RR:

* 2.38, 93Z C.I.: [0.94,6.061, p.0.075) and enlisted groundcrev (1st. Ri: 1.82,
95% C.I.t [1.00,3.301, p=0.053), as yell as for other abnormalities for
officers (Ent. Ri: 1.66, 95% C.I.: [0.98,2.7d], p-0.067). The data for these
last thrce variable-occupation combinazions supported'an increase in the
proportion of abnormalities from low to high exposure. Significant or
marginally significant results vere also observed for medium exposure versus
low exposure in officers and enlisted groundcrev for depigmentation, and for
high exposure versus loy exposure in other abnormalities vith enlisted
flyars, but prevalence decreased as the exposure level increased in these
cases.

The frequency of abnormalities for the different exposure index levels
exhibited no consistent pattern across occupations. Hovever, vithin the
officer and enlisted groundcrev occupations, most variables shoved the loy
exposure level to have the lovest prevalence of abnormalities -,r the high
exposure level to have the highest prevalence, vhereas very few variables
shoved this pattern for enlisted flyers.

Adjusted analyses revealed patterns similar to those of the unadjusted
analyses. Results of the counterpart adjusted analyses to the situations
deicribed above are detailed below.

(1) Co.e*dones in officers,,nedium versus loy: Adj. RR: 1.62, 95% C.I.:
(0.83,3.15), p-0.1 5 4.
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(2) Acneiform scars in officers, high versus low: tluteraction present;
direct contrast of adjusted and unadjusted analyses not possible.

(3) Acneiform scars in enlisted grounidcrew, high versus loy: Adj. RR:
2.00, 95Z C.I.: (1.08,3.67), p-0.0 2 6 ; overall p-value-0.068,
increase in the proportion of abnormalitiem vith increasing exposure
levels supported.

(4) Other abnormalities in officers, high versus low: Adj. RR: 1.53, 95Z
C.I.: (0.88,2.65), pa0.129.

Other adjusted analyses that showed significance or marginal signifi-
cance exhibited a decreasing prevalence with increasing exposure level. All
other adjusted analyses shoved an interactiun with covariates (deacribed
below) or nonsignificant results.

Interactions were present for three of the eight variables and were
observed for officers and enlisted groundcrev. A summary of these inter-
actions is presented below in Table 14-26.

TABLE 14-26.

Summary of Uxposure Index by Covariate Interactions Encountered
in Adjusted Analysis of Dermatological Variables

Variable Occupation Covariate p-Value

Acneiform Scars Officer Race 0.003

Azneiform Scars Officer Presence of
Pre-SEA acne 0.003

Acueifotm Scars Enlisted Groundcrew Presence of (marginal)
Pre-SEA acne 0.056

Depigmentation Enlisted Gtoundcrev Presence of
Pre-SEA acne 0.035

Dermatology Index* Officer Race 0.026

Dermatology Index* Officer Presence of
Pre-SEA acne 0.029

*Variable was collapsed into two categories, 0 and >0.

1
14-32



As can be seen, &11 variables and occupations with interactions had a
significant exposure index-by-presence of pro-S-A acne interaction or
significant exposure index-by-race and expeeure index-by-presence of pre-SLEA
acne inte,;etions. Meaningful interpretation of many of the subsequent
stratified analyses was hindered by small sample sizes, but two situations
were of particular interest. For acneiform scars on officers, nonblack
personnel vtthout pre-SBA acne at low exposure had no participants with
scars, vheeas nonblack personnel exposed at the medium and high levels had
7.8 percent and 10.5 percent of participants vith scars, respectively. Also,
vith acneiforu scars for enlisted groundcrev, an increase in the prevalence
of abnormalities for increasing levels of exposure was present for partici-
pants vith pre-SEA acne, with an adjusted relative risk of 5,38 (95Z C.I.:
[1.45,19.961, p-0. 0 12 ) for the contrast if high exposure versus low exposure.

In sumsary, the reaults suggested the presence of an increasing dose-
response relationship in certaik occupations for a few of the dermatological
variables or within substrata of theie variables, but no consistent pattern
was evident thriughout the dermatological exposure index evaluation.

The dermatology index was chosen to assess longitudinal differences
betveen the 1982 Baseline examination and the 1985 followup examination. In
testing for this difference, the dermatology index scores were collapsed Into
two categories: normal (dermatology index score of 0) and abnormal (derma-
tology index score greater than 0). As shown in Table 14-27, 2x2 tables were
constructed for each Zroup. These tables show the number of participants who

* were abnormal at the Baseline examination and abnormal at the followup,
abnormal at useline and normal at follovup, normal at Baseline and abnormal
at followup, and normal at both Baseline and follovup. The odds ratios given
are the ratios of the number of participants who were normal at the Baseline
and abnormal at the followup to the number of participants who wero abnormal
at the Baseline and riormal at the followup (the "off-diagonal" elements).

TAM 14-27.

Loma tudinal Analsis of the Dermatology Index:
A Contrast of Baseline and First Folloavup Examination Abnormalities

1962 1985
Follovp Exam

Baseline Odds p-Value
Group xaim Abnormal Normal Ratio (OR)* (OR., vs ORc)

Ranch Hand Abnormal 2421 136 1.68
Normal 228 366

0.15
Comparison Abnornal 283 136 2.08

Normal 283 437

, *Odds Ratio: Number Normal Baieline, Abnormal Follovul
Number A rnoral Baseline, Normal Follovup
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The changes in normal/abnormal status within each group were compared, and
the p-value given was derived from Pearson's chi-square test of the hypothe-
sis that the pattern of change in the two groups was the same. These results
shoved that the difference in the pattern is not significant (p.O.15).

DISCUSSION

The relative risks for all eight dermatological variables approached
unity (none was statisticaily significant), an observation previously noted
at the Baseline examination (except for the category "Other Abnormalities,"
which predominated in the Comparisons). More dermatological abnormalities
were recorded at the followup (f~r six of the seven variables shared between
the examinations) than at the Baseline--the increase in detection was
slightly stronger in the Comparison group than in the Ranch Hand group. For
example, in the category "Other Abnormalities," the reporting of skin lesions
generally increased from about 14 percent to 59 percent. The overall
difference between the two examinations probably reflects a combination of
factors, e.g., changes in disease, chance, the addition of new participants,
and possible differences in clinical practice between the two groups of
dermatologists.

The histolog..c categories of skin cancer (confirmed or suspected, any
type), as examined by biopsies, showed a similarity between both groups.

SUMMARY AND (XONCWSIOWS

Interval questionnaire data on the occurrence, time, and location of
acne were analyzed to assess the possible historical diagnosis of chloracne.No significant difference was observed between groups for reported occurrence

of acne, although the Ranch Hand cohort reported slightly more acne. The
occurrence of acne relative to 1961 was comparable between groups. A margin-
ally significant difference 'an the occurrencu of post-1961 acne was found,
with more Ranch Hands than Comparisons reporting acne strictly post-SEA. The
duration of post-1961 acne was not significantly different between the two
groups.

For participants with post-SEA acne, the spatial eyeglass distribution
of acne (suggesting chloracne) was observed to be similar for the Ranch Hand
and Csparlson groups, both for individual sites and the i.ombination of acne
on the eyelids, ears, and temples. This analysis suggested that the occur.-
rence of skin disease compatible with chloracne was not different in the two
groups.

Analyses of the followup physical examination data, as with the Baseline
examination, placed primary emphasis on six dermatologic disorders: come-
dones, acneiform lesions, acneiform scars, inclusion cysts, depiguentation,
and hyperpigmentation. Secondary emphasis was given to 16 other minor con-
ditions (generally not associated with chloracne) recorded at the physical
examination. No significant findings occurred in any variable, as reflected
in Table 14-28.

1
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TABUS 14-28.

Overall Summary Results of Unadjusted and Adjusted Analyses
of Questiopnsire and Physical Kmamination Dermatological Variables

Variable Unadjusted Adjusted

Questionnaire

Incidence of Acne

Occurrence NS

Relative to 1961 NS

Relative to SEA
(Post-1961 Cases) eS* --

Duration of Acne NS NS

Location of icne NS --

Physical Examination

Comudones NS NS

0Acneifors Lesions NS NS

Acneiform Sears NS NS

Depigmentat ion NS NS

Inclusion Cysts NS NS

Uyperpigmentat ion NS NS

Other Abnormalities NS NS

Dermatolo~y Index NS

NS: Not significant (p>0.1O).

-Analyses not performed.

NS*: borderline significant (0.05<pg0.10).

****Group-by-covc: iate interaction.

0
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No significant difference was found for any of thesa variablas in the
unadjusted analyses. The variable consisting of the 16 secondary conditions,
labeled "other abnormalities," had the largest difference In the prevaler-e
of abnormalities for the Ranch Hand cohort over the Comparison group (Est.
RR: 1.08, 95Z C.I.: [0.92,1.28], p-0.349), but the difference was clearly
nonsignificant. The covariate effects of age, race, occupation, and the
presence of pre-SEA acne were often profound with respect to the recorded
dermatologic conditions.

The adjusted analyses closely mirrored the unadjusted analyses, with no
significance noted between groups for any variable. Only one group-by-
covariate interaction was observed in the adjusted analysis of the derw-
tology index, with a group-by-presence of pre-SIA acne interaction noted.
Hover':, further analysis of this interaction did not show an adverse effect
in the Ranch Hand group.

Exposure index analyses did support dose-response relationships for some
of the variables in certain occupational strata, but did not reveal a strong
rattern uf results suggesting a relationship betveen skin disease and herbi-
cide exposure.

Overall, the follovup examinat.59n results paralleled the Baseline
findings. Although the follovup examination detected more dermatologic
abnormalities than those present at Baseline, slightly more abnormalities
vee found in the Comparisons, and most relative risks approached unity. The
longitudinal analysis for the dermatology index shoved no statistically
significant differences beteen groups in the change in results from the
Baseline to the follovup examination.

Ih conclusion, none of the questionnaire results disclosed an increased
likelihood of past chloracne in the Ranch Hands. The physical examination
did not diagnose a current case of chloracne. The dermatological data were
similar between the Ranch Hand and Comparison groups, and the longitudintl
analysis of the dermatology index sugge.ted equivalence between the Baseline
and follovup examination results.

1
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CRAP= 15

CARDIOVASCIAR EVAIUJTION

IDIt0WCTION

Cardiac disease and peripheral vascular disetame are not classically
recognized sequelae of expos•re to phenoxy herbicides, chlorophenols, or
dioxin.

Most observational and experimental animal studies using 2,4-D, 2,4,5-T,
or TCDD have not extensively cosmented on resulting cardiac abnormalities or
dysfunction. The studies described below viewed the cardiac abnormalities as
expected consequences of a moribund state, and not as ai. indicator of primary
cardiac toxicity to the putative chemical. Following oral adminisf ration of
2,4-D and 2,4,5-T, sheep and cattle developed cardiac hemorrhages. A lethal
oral dose of TCDD i? young Rhesus monkeys produced increased h~axt weights in
another experiment. Horses and cats shoved generalize# vascular degenera-
tion following exposure to soil contaminated with TCDD, an• mice and guinea
pigs fed high amounts of TCDD manifested low heart veights. A teratogenic
experiment using 2,4,5-T in developing fish eggs shoved graduated lethality
and cardivascular anomalies, which included enlarged veins and heart
chambers. Another study using ventricular muscle strips from chick embryos
exposed to PCB's (including TCODO) shoved a marked decrease In contractility.
This primary cardiotoxic response was presumably mediated by the Ah receptor,
and was associated vith increased prostaglandin synthesis.

Human case reports. case seriQ9 of individuals vith chloracne, and
epidemiological atucies also confirmed that cardiac function is not a
sensitive indicator of exposure to herbicides or TCDD. In three case reports
of acute 2,4-D poisonigg, cardiac dilation and cardiac arrest vere observed
in the one fatal case, vhile only Iransient nodal tachycardia was observed
in one of the tvo nonfatal cases. Three laboratory technicians with
-hloracne, neurological symptomp, and hypercholesterolemia following sig- 10
nificant direct exposure to TCDD did not manifest any cardiac dysfunction,
however, of 10 Industrial workers with chloracne, 4 complained of heart
palpitations and shortness of breath." In another two studies totaling
128 infysfial workers, no excesses of cardiac complaints or findings were
noted. o

Furthermore, in two contemporary epidemiol•gical studies using similar
cohorts from the Nitro, Vest Virginia, p.azj, no significant cardiac i"pair-
ments were detected in exposed workers.' Hovever, one study found sig-
nificantly lover levels of high density lipoprotein (HUL) cholesterol in
individuals with chloracne as contrasted to individuals without chloracne."
Two recent clinical-epidemiological pilot Ptudies of residential areas in
Missouri contaminated by TCDODIifnot disclose any significant cardiac
disease in exposed residents, ' although the Times Beach study noted a

* borderline association of diminished peripheral pulses in the exposed group
(as did the AFHS Baseline study).
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Because the herbicide litvrature has not identified consistent cardio-
vascular findings that merited a specific clinical focus, this study has
collected generalized data on past cardiac events by questionnaire and
medical record reviews. Current cardiac 6nd peripheral vascular status were
measured by physical exa&ination and laboratory procedures. Coronary heart
disease (CUD) has been of general concern in this study because both male
cohorts are largely within the high risk ages of 40 to 65.

Since TCDD probably does not directl) and permanently affect cardiovas-
cular function, a theoretical question that arises is whether TCDD migit have
altered a cardiovascular disease risk factor that will exert a future adverse
Impact. There may be indirect evidence for such a possibility,

Risk factors for CHD include age, sex, race, family history, past
personal history, diabetes (all types), smoking, cholesterol (and
cholesterol-HDL ratio), diet, blood preluIyt, body weight, exercise pattern,
stress (personality type), and alcohol. " Of these risk factors, hyper-
tension and cholesterol have received consistent attention in clinical and
epidemiologicai evaIlations. Hypertension, either at routine examination or
via specific study, has not been related to phenoxy herbicide or TCDD
exposure. However, hypercholesterolemia hafoblln, ¶ea|,d• associated with
acute exposure to chlorophenols and dioxin . . ... .........

Baseline Summaresauelt

The 1982 Baseline examination found no statistically significant
differences between the Ranch Hand and Comparison groups In systolic or
diastolic blood pressure, the frequency of abnormal electrocardiographs
(BC's), heart sound abnormalities, abnormal funduscopic findings, or carotid
bruits. However, a statistically significant difference emerged in the a
frequency of abnormal peripheral pulsest 12.8 percent of the nonblack Ranch
Hands exhibited absent or diminished pe-ipheral pulses compared to 9.4 per-
cent of the nonblack Original Comparisons (p-O.05). This difference was
consistent across various pulse combinations and remained statistically
significant when all Ranch Hands were contrasted with all Comparisons,
adjusting for age, past smoking history, and cholesterol level.

No statistically significant differences were found between the two
groups in the occurrence of reported or verified heart disease or heart
attacks, although a significant group-by-heart disease-by-smoking interaction
was noted in the older (40 or more years of age) subgroup, i.e., older Ranch
Hands smoking more than 10 pack-years developed more heart disease than their
Comparisons, whereas older Ranch Hands smoking less than 10 pack-years
exhibited less heart disease. No significant dose-response relationships of
any of the cardiovascular response variables with the exposure index were
noted.

Over 80 percent of reported cardiac conditions obtained from the study
questionnaire were verified by a detailed review of medical records. There
was also strong correlation between the past medical history of cardiac
disease and the Baseline cardiovascular examination findings. However, the
differences in peripheral pulse abnormalities primarily occurred in older
individuals without a history of cardiovascular disease. These abnormal-
ities, therefore, may be a precursor to more serious arterial disease or
cencral dysfunction.
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Finally, the vell-knovn risk factors of age, smoking, and cholesterol
* vere found to be highly correlated vith each other and vith several of the

cardiovascular response variables.

Parameterb of the 1965 Cardiovascular Axamination

The 1985 cardiovascular examination vas very similar to the 1982
Baseline examination. Data collection vas divided into three major
categories: heart disease history, central caidiac finction, and peripheral
vascular function.

Historical data vere collected by a questionnaire administered at the
examination site, covering the interval from 1982 through 1985. In addition,
the reviev-of-systems portion of the physical examination recorded the
overall history of heart trouble and other serious illnesses. Hedical
records vere sought on all individuals to verify the reported conditions and
to determine the time of occurrence of major cardiac events. Each part~ci-
pant vas classified as to vhether or not he developed essential hyperterilon,
and whether he developed heart disease or hata an acute myocardial. infarction
since hiv tour of duty in Southeast Asia (SEA). These endpoint veare
analyzed along vith all other dependent variablss to awNess the O*Rree of
correlation betveen the history of cardiovascular disessa and preset medical
findings. In addition, mortality findings vere combined vitb the cardio-
vascular disease histories to form additional endpoints.

Central cardiac function was assessed by the measurements ýf systolic
blood pressure, heart sounds (by auscultatiin), and an ZCG. Blood pressure

*vas determined in a standardized manner (se- section on Physical Examination
Data), and all ixauiners and diagnosticians 'rretrained on the detection
of fourth heart sounds and the notation of iniocent wirmurs vithowit .ecording
them as abnormal heart sounds. ECG's vere obtained a~ter adherence to a
4-hour fast and abstinence from tobacco. Twelve-lead b.uG's very recorded
vith a rhythm strip, and the folloving items vere considered to be abnormal:
right bundle branch block (RUB), left bundle branch blo.', (LRBB), non-
specific T-vave changes, bradycardia, tachycardia, arrhythipa, and other
diagnoses (e.g., A-V block, evidence of a prior myocardia., infarction).

Evaluation of the peripheral vascular system was based on diastolic
blood pressure, funduscopic axamination, auscultation of the carotid
arteries, and determination of the quality of five peripheral pulses. The
presence of carotid bruits yas recorded in both carotid arteries. The
femoral, popliteal, dorsalis pedis, posterior tibial, and radial pulses vere
assesmed both by manual palpation and Doppler techniques because of the
-tgnificant group differences discovered at the Baseline examination.
Doppler results vere considered the "gold standard" for the pulse measure-
ments, although sensitivity correlations vere established vith palpation
results- Rate changes of abnormal pulses occurring since the BLieline
examination -,aore also examined.

In addition to the above dependant variables, considerabl*e analyticel
attention vas directed to the cardiovascular risk factorn of age, race,
occupation (OCC), and updated values for smoking history (pack-yiar'
[PACI'1R], and current smoking level [CSMOK]), alcohol hi3tory (drink-years
[DRKYRI, and current drinking level [ALCI), cholesterol (CEOL), IML,
cholesterol-HDL ratio (C!OL/RDL), percent body fat (XBFAT), personality ý:ore
(PS), and differential cortisol response (DIFCORT).
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Individuals with a verified history of diabetes (or those with an
elevated 2-hour postpcandial glucose level) were excluded from all analyses
except the morbidity-mortality analysis. In addition, individuals vith
peripheral edena were excluded from analyses of the manual peripheral pulses
because of the difficulty of measuring the pulse in the presence of edema.

Logistic regression models were used for dichotomous variables, and
general linear models for continuous variables. All covariates except race
ani occupation were treated as continuous variables. nue to the large number
of covariates, a&alyses were carried out as follows. hodels adjusting only
for age, race, and occupation were examined first, followed by models
incorporating group (GRP)-by-age, group-by-race, and group-by-occupation
interactions. Analyses were then performed, adjusting for (1) all covariates
and (2) all covariates, bWt with only one variable selected from among each
of the sets: pack-years of smoking, current smoking; cholesterol, HDL,
cholesterol-HDL eatio; and drink-years of alcohol, current alcohol intensity.
Selection of the covariate from each set was based on examination of the
pairvise covfriate-by-dependent variable associations and the coefficient
from the fully adjusted model.

5tepvise modeling was then conducted using all covariates, but with only
one variable selected from each of the sets described above. Only group-by-
covariate interactions were examined, as were the three-factor interactions
of group-by-age-by-race, group-by-age-by-occupation, and group-by-race-by-
occupation. "Best models" refer to the models including only the statis-
tically significant covariate and interaction terms. Minor numeric
disparities in the tables that follow reflect missing dependent variable or
covariate data. Parallel analyses using Original Comptrisons can be found in
Tables MH-12 through M-20 of Appendix M.

Morbidity and mortality data on the full Ranch Hand cohort and an
appropriate Comparison coiort were tabulated for four endpoints: (1) death
(any cause) or verified nonfatal heart disease, (2) death (any caiuse) or
verified nonfetal myocardial infarction, (3) fatal or nonfatal verified heart
discase, and (4) fatal or nonfctal verifikd myocardial infarction or fatal
heart disease. This analysis involved a number of assumptions, particulrly
with i:espect to missing histories in the noncompliant study subjects.

R•ESULTS AND DISCUSSION

Questionnaire Data: Reported and Verified Heart Disease

Por each participant, a cardiovascular disease history was obtained from
both the questionnaire and physical examination review of systems history.
The baseline and third-year followup data were merged to determine, for each
participant completing the third-year followup examination, whether there was
ever a reported history of cardiovascular disease following service in
Vietnam. Reported conditions were verified by medical record reviews and
classified according to the ICD-9-CM. The following three variables were
analyzed in terms of both reported and verified events:

Variables ICD-9CM Codes

Essential Hypertension 401
Heart Disease (Excluding Essential 391, 393-398, 402, 404
Hypertension) 410-414, 415-417, 420-429

Acute Myocardial Infarction 410
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Table 15-1 gives the unadjusted analysis of reported and verified
* cardiovascular disease in the Ranch Hand and Comparison groups and the

results of unadjusted group contrasts. Essential hypertension was reported
in slightly over 25 percent of the participants, with rates not significantly
different in the two groups (pm0.05 6 ). About 80 percent of these cases were
verified, leaving similar rates of 20.7 &rd 20.2 percent in the Ranch Hand
and Comparison groups, respectively, for verified essential hypertension.
Reported heart disease was a little higher in the Ranch Hand group (28.1Z vs.
26.1Z) but the difference in the percentage of verified heart disease was of
borderline significance (23.8K vs. 20.3%, p-0.054). The rates of reported
and verified myocardial infarctions were about 2 percent and 1 percent,
respectively, and not significantly different in the two groups.

The associations between each of the covariates and the three verified
cardiovascular endpoints are presented in Tables 15-2, 15-3, and 15-4. The
tables containing the covariate associations with the reported cardiovascular
diseases are included in Tables M-1 through M-3 of Appendix M. All reported
cardiac illnesses (verified and unverified) are included in these tables.
Many of the classic risk factors were identified. Age, smoking, cholesterol
and/or cholesterol-HDL ratio, percent body fat, differential cortisol, and
alcohol use were significantly associated with reported and verified
essential hypertension, although the smoking effect was in the opposite
direction of that expected. Age, occupation, and the cholesterol-HDL ratio
were significantly associated with reported and verified heart disease, with
more disease found in officers than in enlisted personnel. Age, pack-years
of smoking, cholesterol-RDL ratio, and. drink-years of alcohol were signif-
icantly associated with reported and/or verified myocardial infarction (the
smoking effect being in the expected dlrection).

The results of logistic regression analyses adjusting for these
variables are presented in Table 15-5. The results were similar to the
unadjusted results, but the adjusted relative risk for verified heart disease
reached statistical iignificance (p.0.036). No migniflcant group-by-
covariate interactlo s were noted. Nearly identical results were obtained in
the aitalysis of the Ranch Hands and Original Comparisons (see Tables H-12 and
M-13 of Appendix M).

Morbidity-Mortality Analysis

Differential mortality ii, the two groups could introduce bias in the
analysis of morbidity data. For the cardiovascular evaluation, morbidity and
mortality data on all Ranch Hands (diabetics included) atd the first Com-
parison of the randomly ordered set matched to the Ranch Hands were combined
to estimate the frequency of four hierarchical cardiovascular endpoints.
Because of competing mortality and possible misclassification of the cause of
death, the endpoints of death (any cause) or verified nonfatal heart disease,
and death (any cause) or verified nonfatal myocardial infarction were
examined to assess group differences in the most extreme case (i.e., all
deaths being a~nciated with cardiovascular disease). The other two
endpoints were ilmited to fatal or nonfatal verified heart disease, and fatal
or nonfatal verifie,. myocardial infarction or fatal heart disease.

The analysis was based on 1,257 Ranch Hands and 1,253 Comparisons. The
history of each ine:vidual from the end of his tour of duty in SEA to the
present was reviewed. Histories of verified heart disease and myocardial
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TABLE 15-2.

Association Between Verified Essential Hypertension and the Covarintes
in the Combined Ranch Band and Comparison Groups

Covariste
Covariate Category Total Percent Abnorval p-Value

Age Born 11942 934 17.2 0.301
Born <1942 1,214 22.9

Race Black 126 25.4 0.191
Nonblack 2,022 20.1

Occupation Officer 807 21.2
Enlisted Flyer 354 20.1 0.798
Enlisted Groundcrev 987 20.0

Current 0 1,262 22.8
Sacking >0 - 20 463 16.6 0.005

>20 422 17.5

Pack-Years 0 512 24.8
Smoking >0 - 10 760 17.9 0.010

>10 869 20.0

Choles cerol S0OO 766 15.5
>200 - 230 650 21.1 <0.001
>230 732 25.0

HDL _40 719 21.6
>40 - 50 754 20.6 0.524
>50 675 15.1

Cholesterol-GDL .4.2 717 16.2
Ratio >4.2 - <.53 743 21.3 0.001

15.5 688 24.0

Percent <10 10 0.0
Body Fat 10 - 25 1,758 16.7 <0.001

>25 379 38.5

Personality <-5 829 22.3
Score -5 - 5 731 20.5 0.113

>5 580 17.8

Differential g).6 704 23.6
Cortisol >0.6 - 4.0 745 19.1 0.033

>4.0 683 18.4

Current 0 592 21.4
Alcohol Use >0 - 1 809 17.2 0.011
(Drinks/Day) >1 738 23.2

Drink-Years <1.25 691 21.1
Alcohol >1.25 - 25 719 18.4 0.116

>25 666 22.8
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TAUIL 15-3.

Association Bettem Verified Uwart Disease and the Covsriates
in the Combln.l. hanch Oind end Cowperison Groups

Covariate Percent
Covariate Category Total Abnormal p-Value

Age Born k1942 934 17.9 <0.001
Born <1942 1,214 24.9

Race Black 126 23.0 0.826
Nonblack 2,022 21.8

Occupation Officer 807 24.8
Enlisted Flyer 354 20.9 0.034
Enlisted Groundcrev 987 19.8

Current 0 1,262 22.7
Smoking >0 - 20 463 21.2 0.461

>20 422 19.9

Patk-Years 0 512 23.2
Smoking >0 - 10 760 20.9 0.617

>10 C69 21.9

Cholesterol 9200 766 21.2
>200 - 230 650 21.1 0.533

>230 732 23.2

HDL S40 719 21.7
>40 - 50 754 20.4 0.357

>50 675 23.6

Cholesterol- ý4.2 717 24.1
HDL >4.2 - <5.5 743 18.8 0.041

Ratio k5.5 688 22.7

Percent <10 10 30.0
lody Fat 10 - 25 1,758 22.1 0.619

>25 379 20.3

Personality <-5 829 21.4
Score -5 - 5 731 20.9 0.369

>5 580 24.0

Differential 9D.6 704 19.2
Cortisol >0.6 - 4.0 745 22.4 0.064

>4.0 683 24.0

Current 0 592 23.0
Alcohol Use S1 809 22.5 0.441

Drinks/Day >0 - 1 738 20.3

Drink-Years S1.25 691 21.4
Alcohol >1.25 - 25 719 22.0 0.968

>25 666 21.8
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TAB•IZ U-4.

Association Betven Verified Nyocardial Infarction and the Covariates
in the Combined Iancbh Nand and Comprison Group.

Covariate Percent
Covariate Category Total Abnormal p-Value

Age Born Z1942 934 O. 0.002
Born <1942 1,214 1.6

Race Black 126 0.0 0.471
Honblack 2,022 1.1

Occupation Officer 807 0.9
Enlisted Flyer 354 1.4 0.697
Enlisted Groundcrev 987 1.0

Current 0 1,262 0.8
Smoking >0 - 20 463 1.7 0.228

>20 422 1.0

Pack-years 0 512 0.2
Smoking' >0 - 10 760 0.8 0.018

>10 869 1.7

Cholesterol S200 766 0.5
>200 - 230 650 0.9 0.095
>230 732 1.6

SDL ý40 719 1.5
>40 -50 754 0.9 0.210
>50 675 0.6

Cholesterol- S4.2 717 0.4
HDL >4.2 - <5.5 743 0.9 0.046
Ratio Z5.5 688 1.7

Percent <10 10 0.0
Body Fat 10 - 25 1,758 1.0 0.872

>25 379 0.8

Personality <-5 829 0.8
Score -5 - 5 731 1.5 0.278

>5 580 0.7

Differential S0.6 704 1.0
Cortisol >0.6 - 4.0 745 1.1 0.989

>4.0 683 1.0

Current 0 592 1.5
Alcohol Use >0 - 1 809 0.9 0.376
(Drinks/Day) >1 738 0.8

Drink-Tears S1.25 691 1.3
Alcohol >1.25 - 25 719 0.4 0.143

>25 666 1.4
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TARLU 15-5.

Adjusted Analymes for Reported and Verified Heart Disease

Adj. Relative
Variable Risk (95% C.I.) p-Value Covariate Remarks*

Reported 1.14 (0.93,1.41) 0.211 AGE (p<0.O01), CSMOK
Essential (p-0.001) ,CHOL
Hypertension (p<0.001), B~FAT (p<0.001), ALC

(p<0.001)

Verified 1.11 (0.89,1.39) 0.347 AGE (p.0.021),
Essential CSMOK (p.0.021), CHOL
Hypertension (p<0.001), ZBEAT (p<O.001),

PS (p.0.039)

Reported Heart 1.12 (0.92,1.36) 0.258 AGE (p<O.O01)
Disease

Verified Heart 1.25 (1.02,1.54) 0.036 AGE (p<0.001)
Disease

Reported 1.16 (0.60,2.23) 0.667 AGE (p<0.001),OCC (p=O.01 4 ),
Myocardial C1OL/HDL (p-0.016)
Infarction

Verified 0.93 (0.38,2.23) 0.865 AGE (p<0.001), CHOL/HDL

Myocardial (p.0.025)Infarction

*Abbreviat ions:

CSMOK: Current smoking
CHOL: Cholesterol
%BFAT: Percent body fat
ALC: Current alcohol use (drinks/day)
PS: Personality score
OCC: Occupation
CHOL/HDL: Cholesterol-HDL ratio

1
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infarction for living individuals who were noncompliant at Baseline and at
*the followup were missing. For the living noncompliant individuals, the

observed rate in the compliant individuals was used to estimate the number of
nonfatal events among the noncompliant individuals for each cohort. It vas
assumed that there were no nonfatal cardiovascular events in the noncompliant
individuals who died due to a cause other than cardiovascular system failure.
The results are shown in Table H-4 of Appendix M.

There vas a total of 66 deaths in the Ranch Hand group and 77 in the
group of Comparisons. The estimated percentage of Ranch Hands who t.led (any
cause) or had a verified nonfatal history of heart disease was 27.4 as
contrasted to 24.5 in the Comparisons.

The rate of verified nonfatal myocardial infarctions was approximately
1 percent in each group. The estimated percentage of deaths (any cause) or
verified nonfatal myocardial infarction vas 6.4 percent in the Ranch Hands
and 7.0 percent in the Comparisons.

Only 5 of the 66 deaths in the Ranch Hands and 3 of the 77 deaths in the
Comparisons either were from heart disease, or were individuals who had
verified heart disease histories. The estimated percentage of fetal and
nonfatal verified heart disease was 22.5 percent in the Ranch Hands and
18.6 percent in the Comparisons.

Of the 66 deaths in the Ranch Rands only 1 individual died from
cak..ovascular disease or had a verified history of myocardial infarction as
compared to 2 of the 77 deaths in the Comparisons. The estimated percentage
of fatal or nonfatal verified myocardial infarction or fatal heart disease

* was 1.2 percent in the Ranch Hands and 1.0 percent in the Comparisons.

These contrasts must be interpreted guardedly Mince they involve some
unverifiable assumptions. Nevertheless, they are consistent with the
morbidit,- findings presented in the chapter, and tend to show that the
clinical cardiovascular disease spectrum is approximately equal in both
groups.

Physic, ftestnation Data

Central Cardiac Function

Centre- cardiac function was assessed by the measurement of systolic
blood pre¶-.ire, heart sounds, and an ECG. Systolic blood pressure was
determine, .y a standardized sphygmometer, at the appearance of the first
sound with the nondominant arm placed at heart level; the lowest value of
three readings was recorded. Detection of abnormal heart sounds was
conducted by standard auscultation with the participant placed in sitting,
supine, and left lateral supine positions. Fourth heart sounds were
assessed; murmurs were graded in intensity and location and were judged to be
functional (normal) or organic (abnormal) in nature. Fourth heart sounds
were scored as abnormal. ECG data were collected by a standardized 12-lead
machine; approximately 95 percent of the clinical interpretations were
performed by one cardiologist. All participants were asked to abstain from
smoking for at least 4 hours prior to their ECG.
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M•tolie Blood Pexr
Systolic blood pressure was analyzed both as continuous and dichotomized

variables (normal, 140 or less ,- Hg; abnoraal, more than 140 ma R). Com-
bined distributional data from both groups revealed significant digit pref-
erence for values ending in zero (p<0.0001 for both systolic and diatolic
readings), but standard statistical analyses were performed since the
sero-digit peaks (e.g., 130, 140, 150 m Hg) were relatively uniform and did
not visually differ between the Ranch Hand and Comparison groups. Zero digit
readings were recorded for 59.4 percent of the systolic blood pressures and
55.0 percQnt of the diastolic blood pressures.

Table 15-6 gives the percentage of participants with abnormally high
systolic values. The percent of abnormals was not significantly different
from each other (p=0.529). Systolic blood pressure, analyzed as a continuous
variable, had a mean of 118.96 iim Rg (95X C.I.: (118.06,119.861) for the
Ranch Hand group and a mean of 119.55 - Hg (95X C.I.: 1118.71,120.391) for
the Comparison group. These means were not significantly different
(p.0.349). The means were also not significantly different when Original
Comparisons were used (p.0.182).

The association between each of the covariates (zategorized into either
tvo or three levels) and dichotomized systolic blood pressure in the combined
Ranch Hand and Comparison groups is shovn in Table 15-7. Age, cholesterol,
percent body fat, personality score, and alcohol use (both current use and
drink-years) were significantly ausociated with increased systolic pressure.
Thesre coyfirte effects were in the direction typically found in other
studies, except for personality score where those participants with low
scores (in the Type B direction) had the highest percentage of abnormal
values.

Adjustment of the categorical systolic blood pre, Jure by the above
covariates was performed by logistic regression analysis, and these results
are prusented in Table 15-8. As shown, there wera no significant differences
between the Ranch Hand and Comparison groups (p.0O9 20). Age, cholesterol,
percent body fat, personality score, and current alcohol use all had
statistically significant effects. An adjusted analysis of systolic blood
pressure in the continuous form revealed a significant group (GRP)-by-age-
by-race interaction (p0.012) along with the significant main officts of
current smoking (p<O.O01), cholesterol (p(O.001), percent body fat (p<0.O01),
personality score (p<0.001), and current alcohol use (p.0.002). Lnploration
of the interaction revealed that among Blao.u there vas a Zro p-by-eqe
interaction (p.0.007), with a mean systolic pressure greater in the Ranch
Hand group than in the Comparison group at the younger age levels, but lower
at the older age levels. The estimated Ranch Band-Comparison difference was
4.56 (t 3.30) = Hg at the Baseline age of '5 and -46.01 (± 5.87) m Rg at
the Baseline age of 53 (see Table M-5 of Appendix H). In the nonblack cohort
the group-by-age interaction was not significant (p.0.338), nor was there
evidence of any overall group effect (p-0.356). In the analysis of the Ranch
Hands and Original Comparisons, there were no statistically significant group
differences, either unadjusted or adjusted for covariate effects (see Tables
M-14 and M-15 of Appendix M).

1
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TANZ L"-8.

Adjusted Analyses for Cemtral Cardiac Function
(Diabetics fteluded)*

Adi. Relative Covariate
Variable Risk (9MX C.I.) p-Valuo Remarks*

Systolic Blood 0.98 (0.69,1.40) 0.920 AGE (p<O.Ol)
Pressure (Discrete) CBOL (p-0.004)

ZBPAT (p<0.001)
PS (p-o.0o2)

Systolic Blood GRP*RACS*ACg (paI.012)
Pressure (Continuous) CSKOK (p<0.OOl)

CHOL (p<0.001)
MAT (pW0.O01)

PS (pWO.001)
ALC (p.0.002)

Neart Sounds 1.33 (0.80,2.24) 0.276 AGE (p<0.001)
RACE (p-0.003)
CHOL/HDL (p-o.002)

3CG AGE (p<0.001)
(Overall) PAM (pOO).005)

MFAT (pW0,001)
GRP*PACTh (p-O.006)

ECG: RBBB 0.72 (0.24,2.15) 0.555 AGE (p-0.008)

EM: Nonspecific 1.12 (0.81,1.53) 0.497 AGE (p<O.001)
ST-T-Vave Changes RACE (p.0.005)

CEOL (p-a0.00 7 )
XB1AT (p<0.001)
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TAILN 15-8. (cN.tinued)

Adjusted Analyses for Central Cardiac Function
(Diabetics bc:.•)*

-.dj. Relative Covariate
Variable Risk (95Z C.I.) p-Value Remarks**

ECG: Bradycardia 1.08 (0.72,1.62) 0.726 OCC (p.0.047)
CHOL/HDL (p<0.001)

M: Arrhythmia AGE (p-0.001)
OCC (p<O.001)
GRP*PACKYT (p= 0. 0 18 )
GRP*ZBFAT (p=0.0 3 8).

EC: Other Diagnoses 0.92 (0.69,1.23) 0.575 AGE (p<0.001)
RACE (p-0.015)
CSNOK (p-0.039)

*Some adjusted analyses did not explore effects of all covariates due to
sparse number of abnormalities (see text).

**Additional )breviations:

GRP: group
PACKY: pack-years snokirg

****Group--by-covariate interaction, relative risk/difference in group means,
95X confidence interval, and p-value not presented (see Table M-5 of
Appendix M).
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Heart Sounds

As shown in Table 15-6, the unadjusted frequency of abnormal heart
sounds in the two grcups was not significantly different (p.0.384).

The covariate tests of association (Table 15-7) showed significant
effects for age (p.0.005), cholesterol-HDL ratio (pm0.003), and a borderline
association with occupation (p=0.069). Increased age (born before 1942) had
a frequency of 3.9 percent heart sound abnormalities as contrasted to
1.6 percent abnormalities in the younger age group (born in or after 1942).
The cholesterol-HDL ratio (less than or equal to 4.2, between 4.2 and 5.5,
and greater than or equal to 5.5) was positively associated with increasing
frequencies of abnormal heart sounds (1.7, 2.6, and 4.7 percent, respec-
titrely). The observed frequenicies of abnormal heart sounds were 3.8, 1.4,
and 2.7 percent in the officers, enlisted flyers, and the enlisted
groundcrew, respectively.

The adjusted analysis (Table 15-8) did no" detect any significant group
differences (p.0.276). Age, race, and the cholesterol-HDL ratio were
significant covariates (p<0.001, p-O.003, and p-0.002 , respectively)ý No
two- or three-way group interactions were noted. Similarly, nonsignificant
results were found in tho. analyses of the Original Comparisons versus the
Ranch Hands (see Table M-15 of Appendix M).

Electrocardiograph FindinLs

Al! ECG tracings were scored as normal or abnormal; specific abnormal-
ities included RBBB, LBBB, nonspecific T-wave changes, bradycardia,
tachycardia, arrhythmia, and other diagnoses.

The unadjusted analysis of these variables (Table 15-6) shoved no
statistically significant differences in the overall ECG results, or any of
the specific subcategories, between the Ranch Hand and Comparison groups.
Twe 6dditional findings in the analysis were of interest: (1) the Ranch
Hands had a uniformly lover number of ECG abnormalities than the Comparisons
(though not statistically significant), and (2) the sum of the specific ECG
findings exceeds the proportion of abnormalities scored on the overall ECG
because some Individuals accounted for two or raore abnormalities.

The associations between the covariateb and the various ECG findings are
presented in Table 15-7. Age was significantly associated with the overall
ECG findings (p<0.001), nonspecific T-wave changes (p<0.001), and other ECG
diagnoses (p<0.001), with more abnormalities found in the older age group.
Occupation was significantly associated with bradycardia (p.0.OO),
arrhythmia (p.0.0'3), and other ECG findings (p-0.011). A higher percentage
of officers than enlisted flyers cr groundcrev had bradycardia. hereas
enlisted flyers had the lowest proportion of arrhythmias, and ealisted
groundcrew had the highest percentage. Officers and enlisted flyers had a
higher parcentage than the enlisted groundcrew cohort of other ECG findings.

Pack-years of smok ; was significantly associated with the overall ECG
findings (p.,O.O01), T-wa e changes (p.0-038), bradycardia (p.0.007),
arrhythmia (p.0.028), and other ECG diagnoses (p-O.0 2 3). For the overall EC!
findings, nonspecific T-wave changes, and arrhythmias, the moderate smoking
group (greater than 0 to 10 pack-years) had the fewest abnormalities.

15-18



Bradycardia was negatively associated with pack-years of snoking, with the
highest frequency of abnormalities (7.2Z) found in the 0 pack-years category
versus the lowest proportion (3.6%) of abnormalities in the greater than
10 pack-years category. Cholesterol levels and./or the cholesterol-HDL ratio
were positively associated with abnormalities ia the overall ECG .p.0.016)
and T-vave findings (p<0.001), but were negatively associated with
bradyc&rdia (p<0.001).

Increased percent body fat was significantly associated with overall BCG
abnormalities (p<0.001) and nonspecific T-vave changes (p<0.001). Drink-
years of alcohol was only associated with T-wave changes (p.0.006), with more
abnormalities in the greater than 25 drink-years category than in the less
than or ecual to 1.25 drink-years category, but relatively feeer abnormal-
ities in tne more than 1.25 to 25 drink-years category. The covariate of
current alcohol use was associated only with the category of other ECG
diagnoses (p.0.019), but not in a consistent manner (individuals averaging
less than one drink per day had more abnormalities than nondrinkers, but
those averaging more than one drink per day had the lowest percentage of
abnormalities). The covariates of race, current smoking, personality score,
and differential cortisol level, however, did not significantly affect the
variables of central cardiac function.

Results from the adjusted logistic regression analyses are shown in
Table 15-8. No significant group differences were detected for categorical
RBBB, T-wave changes, bradycardia, and other ECG diagnoses. The covariates
of age, race, percent body fat, pack-years of smoking, current smoking,
cholesterol, and cholesterol-HDL ratio were significantly associated with one
or more of the ECG variables. RBBB was adjusted only for age due to the
small number of abnormalities.

The adjusted analysis of the overall FOG findings revealed a significant
group-by-pack-year interaction (p-O.008), and the analysis of the arrhythmia
variable disclosed two significant interactions: a group-by-pack-year asso-
ciation (p-0.018) and a group-by-percent body fat association (p-0.038). All
of these interactions are displayed in Table M-5 of Appendix H. In the case
of the overall ECG findings, the adjusted relative risk among nonsmokers was
significantly less than one (p.0.038), i.e., a lover risk for Ranch Hands
than Comparisons. For heavy smokers (30 pack-years), the adjusted relative
risk was 1.25 (95% C.I.: [0.89,1.761, p-0.197). For cardiac arrhythmias,
exploration of the group-by-pack-year interaction at the approximate mean
percent body fat of 21 percent shoved a borderline significant relationship
favoring the nonsmoking Ranch Hands (Adj. RR: 0.58, 95Z C.I.: [0.30,1.10],
p.0.093); heavy smoking Ranch HLnds had a higher proportion of arrhythmias
than heavy smoking Comparisons, but this association was not statistically
significrLt (p.0.162). For the group-by-percent body fat interaction,
10 percent and 30 percent body fat levels were analyzed at the approximate
median of 7 pack-years of smoking. The adjusted relative risk of 0.23
(95X C.I.: [0.07,0.78]) was statistically significant for the 10 percent body
fat category (p.0.018), indlcating a lover adjusted frequency of cardiac
arrhythmias for nonobese Ranch Hands than for nonobese Comparisons. This
situation was reversed for obese Ranch Hands, but the association was not
statistically significant (RR: 1.88, 95Z C.I.: [0.66,5.34], p-0.234).

The adjusted analyses using the Original Comparisons were nearly
identical to the analyses of the total Comparison group, including ýhe three
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group interactions for overall ECG findings and cardiac arrhythmias described
above. The analyses of the Original Comparison group are found in Tables
M-15 and M-16 of Appendix M. 4
Peripheral Vascular Function

Peripheral vascular function was assessed by the diastolic blood
pressure, funduscopic examination of small vessels, the presence or absenci
of carotid bruits,. and both manual palpation and Doppler bilateral measurE
ments of the radial, femoral, popliteal, dorsalis pedis, and posterior ti 'al
pulses. Individual peripheral pulses were combined to form overall indice
of peripheral vascular status. Diastolic blood pressure was measured by the
standard auscultatory technique, and was recorded at the pressure level
corresponding to the disappearance of sound. The funduscopic examination ,ias
conducted with undilated pupils in a standard manner, with emphasis placed
upon the detection of arterio-venous nicking, hemorrhales, exudate, and
papilledema. Carotid bruits were assessed by standard bilateral ausculta-
tion; confirmation of bruits was not attempted by the Doppler technique.
Manual pulse determinations were performed by the examining physician,
independent of dbe Loppler measurements performed by qualified technicians.
Tobacco abstinence for at least four hours was required for the Doppler
examination, but not for the manual palpation. Only the physician
diagnostician had access to both sets of pulse data.

Diastolic Blood Pressure

Diastolic blood pressure was anulyzed as a continuous variable and as a
dichotomized variable (normal value less than or equal to 90 mm Hg; abnormal a
value greater than 90 mm Hg). As with the systolic readings, a significant'
zero digit preference was noted for the diastolic blood pressure values.

Table 15-9 arrays the results of the unadjusted categorical analyses.
As shown, there are no statistically significant group differences for the
proportions of diastolic abnormalities (p.0. 9 79 ). Diastolic blood pressure,
analyzed as a continuous variable, had a mean of 79.76 mm Hg (95Z C.I.:
171.97, 80.351) fer the Ranch Hand group and a mean of 79.77 mm Hg (95Z C.I.:
[79.24, 80.30]) for the Comparison Group. These means were not significantly
different (p.0.986). The means were also not significantly different when
Original Comparisons were used (p.0.555).

The tests of covariate association with diastolic blood pressure are
given in Table 15-10. Cholesterol, cholesterol-HDL ratio, percent body fat,
differential cortisol, and current alcohol use were significantly related to
diastolic blood pressure (p<0.O01, p=0.006, p<0.001, p-0.041, and p-0.014,
respectively). For increasing cholesterol, cholesterol-HDL ratio, and per-
cent body fat, increases in proportions of abnormal diastolic blood pressure
were obtained, whereas for increasing differential cortisol values, a decline
in blood pressure abnormalities was found. Current alcohol use (drinks per
day) revealed an inconsistent association with diastolic blood pressure
abnormalities, with nondrinkers having a higher proportion of abnormalities
than low-level drinkers, but a lower proportion of abnormalities than
moderate drinkers (8.3, 6.4, and 10.6 percent abnormalities, respectively).
The covariates of age, race, occupation, current smoking, pack-years of
smoking, HDL, personality score, and drink-years of alcohol were not
associated with diastolic blood pressure abnormalities.
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The adjusted categorical and continuous analyses are shown in
Table 15-11. No significant group differences were found in the proportions
of diastolic abnormalities (P-0.653), or in the difference of group meda
values (p-0.299). The covariates of current smoking, cholesterol, percent
body fat, and currant alcohol use were statistically significant in both the
categorical and continuous analyses; age vas significant only in the analysis
of group mean differences (p=O.O05). No significant gvoup-by-covariate
interactions were found in either the logistic regression or general linear
models. The adjusted analyses for the Original Comparisons vere very similar
to those described on the total Comparison group (sue Table M-18 of
Appendix H).

Punduscopic Examination

The funduvcopic examination detected only 13 individuals with ar~erio-
venous nicking (a sign of chronic blood pressure elevation) or vessel
hemorrhages, 7 from the Ranch Hands and 6 from the Comparisons (p.0.472,
Table 15-9).

The covariate tests of association are given in Table 15-10. Age, race,
cholesterol/HiDL ratio, percent body fat, and current drinking vere statis-
tically significent (p-O.00A, 0.040, 0.016, 0.026, and 0.004, respectively).

All funduscopic abnormalities vere found in the older age group (born in or
before 1942). llartks had a higher proportion of abnormalities than nonblacks
(2.4 percent versus 0.5 percent, respectively). The highest cholesterol-HDL
category contained the highest proportion of funduscopic abnorzalities; and
increasing levels of percent body fat were associated with increases in
proportions of abnormalities. Current alcohol consumption shoved that
nondrinkern had the highest proportion of abnormalities. The covariates 'if
occupation, current smoking, pack-years of smoking, cholesterol, HDL,
personality score, differential cortisol and drink-years of alcohol did not
shov signific&-t effecta.

In the adjusted analysis by logistic regression (Table 15-11), there
were no significant differences in funduscopic abnormalities between the
Ranch Hand and Comparison groups (Adj. RI: 1.78; 95Z C.I.: [0.56,5.621,
p.0.322). Due to sparse data the model vas adjusted only for the covariates
of age, race, cholesterol-HDL ratio, percent body fat, and current alcohol
consuaption; and all vere significant in the model. No group interactions
vere detected, and the results of the contrast of the Ranch Hand vith the
Original Comparison grcur ',are also nonsignificant (Table M-18 of
Appendix M).

Carotid Bruits

Tle unadjusted group contrast of carotid bruits is displayed Jn Table
15-9. The proportions of bruits in both groups were similar (Est. RR: 1.28,
95Z C.I.: [0.45,3.661, p.0.646). Overall, only 14 bruits were detected,
7 from each group, limiting the scope of the adjusted analyses.

The covariate effects are given in Table 15-10. Age, current smoking,
and cholesterol were of borderline statistical significance, whereas drink-
years of alcohol was significantly correlated with carotid bruits (p-O.021),
vith the greater than 25 drink-year3 category having the highest rroportion.
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TABUI 15 11.

Adjusted Analysis for Peripheral Vascular Punction by Group
(Diabeoti. t•cluded)*

3tattsticallClinical Adj Relative Covariate

Variable Analysis Risk (95Z C.I.) p-Value Remarks**

Diastolic Discrete 1.08 (0.78,1.48) 0.633 CSNOM (p-0.040)
Blood CUOL (pW0.001)
Prassure ZIJAT (p<O.001)

ALC (p.0.006)

Continuous 0.38 t-0.34, 1.:".', 0.299a AGS (p=0 . 00 5 )
CSNOK (p<0.001)CROL (p<0.001)
W3FAT (p<0.001)
ALC (p.0.002)

,unduscopic 1.78 (0.56,5.62) 0.322 AGR (p<0.001)
axatmiation RACI (pW0.001)

CUOL/,DL (p.0.017)
ZIVAT (p.0.037)
ALC (po0.038)

Carotid 1.05 (0.35,3.16) 0.928 AGR (p.0.024)
Bruits Dm (Wp0.001)

Radial Hanual 0.64 (0.19,2.14). 0.472 AG, (p-0.040)
Pulses Doppler 0.96 (0.21,4.30) 0.952'

Femoral Manul 1.21 (0.63,2.31) 0.562 AGE (pVO.001)
Pull" COIL/NUL (p.0.010)

XWAT (p<0.001)
DIPCOOa (p.0.002)

Doppler 1.74 (0.48,6.31) 0.401 A= (p-0.001)
C=mI (p.0.001)
CNO0,DL (p-0,042)

Popliteal Manual AGE (pO.003)
Pulses PACITM (p.0.005)

CNOL/UDL ýp-0.011)
GRP*RA•C (p.0.038)

Doppler 1.50 (0.58,3.91) 0.401 AGE (p<0.001)
RACE (p.0.023)
COOK (p<0.001)

Dorsalis Manual AGE (p-0.004)
Pedis Dam (pOO. 018)
Pulses GRP*OCC (p.0.046)

Doppler 1.07 (0.87,1.31) 0.535 G (p.C.004)
RACE (p.0.006)
ZIFAT (p.O.003)
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TIIZ 15-11. (comtinued)

Adjusted Amalysis for Peripheral Vscular PaFnction by Group
(Diabetics Inclujed)

Statistical/Clinical Adj. Relative Covariate

Variable' Analysis Risk (95Z C.I.) p-Value Remarks**

Posterior Manual A*• (p<0.001)
TibiaW RACI (p<0.001)
Pulses PACYR (p-O.007)

G1P*OCC (p.O.017)

Doppler 0494 (0.50,1.77) 0.849 AG3 (p<0.001)
RACI (p-0.002)
CSN0K (p-0.007)
coUL/NDL (p-0.015)

Leg Pulses Manual AG* (p<0.001)
G3*0c (p.0.016)
RIMPIAT (p.0.o34 )

Doppler 1.06 (0.87,1.30) 0.549 AGE (p-0.001)
RACS (p-0.o029)
IFAT (p-.0006)

r!'ripheral Manual AG* (p<0.001)
Pulses XDVAT (p-O.018O

G3.*OCC (p.0.033)
Doppler 1.06 (0.87,1.30) 0.562 AM (ph.001)IFT(p.O.OOE)%MAT (p.0,.000)

All Pulses Manual AGE (p<.O001)
XUAT (p,.0 022)
Gt7*OCC (p.0.036)

Doppler 1.06 (0.86,1.29) 0.603 AGE (p-O.001)
ZIFAT (p-.0006)

*Some adjusted analyses did not explore effects of all covariates due to
sparse number of abnormalities (see text).

**A4d1tionag Abbreviations:
I 111i drink-years o@ alcohol
DIFYET: differential cortisol.
"Difference in group meas (Ranch Hand-Comparison) and associated p-value
given, rather than relative risk, for continuous analysis of dependent

bvariables.Unadjusted for any covariates--seae results as for unadjusted analysis.
****Group-by-covariate interaction--relative risk, confidence interval, and

p-value not presented (see Table H-6 of Appendix M).

0
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The adjusted analysis vas performed -ith only the covariates of age and
drink-years of alcohol due to the small numb-.i of detected bruits. The
results (Table 15-11) demonstrate a lack of significant group differences
(Adj. RR: 1.05, 95% C.I.: 0.35, 3.161, p-0.928). Both ae and drink-years of
alcohol vere significant adjusting variables, but no signiZ*..ant group
interactions were noted. The results of the Ranch Hand, Origii~al Comparison
group contrast was also nonsignificant (see Table H-18 of
Appendix H).

Peripheral Puse

Five peripheral pulses (radial, femoral, popliteal, dorsalis pedis, and
posterior tibial) were analyzed usirg data assessments from both mahual
palpation and Doppler recordings. lalpation data from the examining
physician vere judged abnormal if the pulse was diminishe4 or absent on
either side. Assessment of the Doppler data was more comp'tex and involved
visual examination of the vaveform morinology (pulsatility, systolic forward
flow, and diastolic revv.se flow) on analog strips and Polaroid' photographs,
with careful comparison of the literality of results. Confirmatory
functional data (e.g., treadmill, segmental pressure readings) of abnormal
pulses were not performed. The interpretation of each pulse was scored as
normal, mild impairment, moderate impairment, severe impairment, or total
occlusion (for the purpose of this analysis, all interpretations other than
normal were considered abnormal). All Doppler measurements were conducted
with a minimum of a 4-hour abstinence from smoking; compliance to the
nonsmoking requirement was recorded by the Doppler technician.

Besides analysis of each pulse as a distinct dependent variable, three
pulse aggregates were prescribed for analysis in order to maintain continuity
with the Baseline analysis. The rationale of the pulse aggregates was to
localize pulse abnormalities in broad aiatomic categories. The aggregates
were: leg pulses (femoral, popliteal, dorsalis pedis, and posterior tibial);
peripheral pulses (radial, femoral popliteal, dorsalis pedis, and posterio
tibial); and all pulses (periphera pulses plus carotid pulse", the latter
assessed by only manual techniques). Any one abnormal pulse in an aggregate
constituted an abnormality for the overall category.

The agreement of manual and Doppler assessments was tested by McNemar's
chi-square test using paired data vheii an individual was compliant to both
examination procedures. The paired analyses for the radial, femoral,
popliteal, dorsalis pedis, posterior tibial, leg, peripheral, and all pulses
are displayed in Table 15-12. As shown, the two methods of pulse assessment
differed profoundly (p<0.001) for the femoral, popliteal, dorsalis pedis, leg
pulses, peripheral pulses, and all pulses, but only mildly (p.O.044) for the
posterior tibial pulse; the methodology differences for the radial pulse were
not significantly dis.rdant (p. 0 . 1 4 9 ). Further, as shown by the off-
diagonal elements in the specific pulse tables, the manual palpation method
classified more cases as abnormal for the femoral, popliteal, and posterior
tibial pulses, whereas the Doppler technique detected more abnormalities for
the dorsalis pedis pulse, and consequently, the three pulse aggregates.
Oveiall, more credence is given to the Doppler reso'lts due to the more
".objective" means of determining a pulse abnormality.

The unadjusted analyses of all the pulses and pulse aggregates by manual
and Doppler techniques (Table 15-9) showed that no statistically significant
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TABLE 15-12.

rAremeat Betvaen Manuel and Ioppler Pulse Assessments
(NeNemr's X" Test)

Radial Femoral

DOPPLER DOPPLER

Normal Abnormal Normal Abnormal

Normal 2,102 3 Normal 2,072 3
MANUAL MANUAL

Abnormal [ 3 Abnormal 38 6

*2 - 2.08 p.0.149 * 28.2 p<0.O1

Popliteal Dorsalis Pedis

DOPPLER DOPPLER

Normal Abnormal Normal Abnormal

Normal 2Normal 1,546 3
MANUAL I -MANUAL

Abnormal [3 8 Abnormal 71 155

)e 15.7 p<0.•01 - 175.6 p<o.OWl

Posterior Tibiai Leg

DOPPLER DOPPLER

Normal Abnormal Normal Abnormal

Normal 2,035 23 Normal [t,462 346
MANUAL -- MANUAL

Abnormal 40 16 Abnormal 135 170

)e - 4.1 p.0.044 e - 91.7 p<0.001

Peripheral All

DOPPLER DOPPLER

Normal Abnormal Normal Abno-m&l

Normal 1,455 347 Normal 1,454 347
MANUAL MANUAL

Abnormal 139 172 Abnormal 138 173

2- 88.2 p<0.001 e2 . 89.2 p<0.001
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group differences were detected for any pulse or pulse combination by either
technique.

The covariate tests of association for each pulse and pulse combination
by technique are listed in Table 15-10. The following paragraphs describe
the results shown in this table.

Increased age (born before 1942) was significantly associated with a
higher proportion of pulse abnormalities for the femoral pulses (manual;
p<0.001), popliteal pulses (Doppler; pO.002 ), dorsalis pedis pulses (manual;
p-0.018), posterior tibial pulses (manual, p-0.034; Doppler, p-0. 0 03), leg
pulses (manual, p-0.001; Doppler, p-0.020), peripheral pulses (manual,
p<0.001; Doppler, p.0.037), and all pulses (manual, p<0.001, Doppler,
p-0.032). Age was of borderline significance (0.050<pgD.100) for femoral
pulses (Doppler), and for popliteal pulses (manual) and dorsalis pedIs pulses
(Doppler).

Race was associated vith dorsalis pedis pulses (Doppler, p-0.001),
posterior tibial pulses (manual, p<O.001), leg pulses (Doppler, p=0.009),
peripheral pulses (Doppler, p-0.015), and all pulses (Doppler, p-0.014), with
Blacks having a lower proportion of abnormalities for the dorsalis pedis,
leg, peripheral, and all pulses than nonblacks, but a higher proportion of
abnormalities for the posterior tibial pulse. Race was of borderline
significance for the Doppler-determined posterior tibial pulses. Occupation
was significantly associated with abnormalities of the dorsalis pedis pulses
(Doppler, p.0.007), leg pulses (Doppler, p-.0012), peripheral pulses
(Doppler, p-0.019), and all pulses (Doppler, p,0.023), vith officers
uniformly having more abnormalities than enlisted flyers, who had more
abnormalities than enlisted groundcrev.

Current smoking (cigarettes per day) was significantly associated with
increased abnormalities for the posterior tibial pulses (manual, p<0.001;
Doppler, p-0.021), femoral pulses (Doppler, p-0.001), and the popliteal
pulses (Doppler, p<0.001), despite the 4-hour abstinence prior to the Doppler
examination. A relationship of Increased smoking and increased abnormalities
was only observed for the Doppler determination of the femoral and popliteal
pulses. Pack-years of smoking was significantly related to increased
abnormalities with popliteal pulses (manual, pmO.001; Doppler, p-0.010),
poster.or tibial pulses (manual, p<O.001.), femoral pulses (Doppler, p-.0006),
leg pulses (manual, p.0.031), peripheral pulses (manual, p-0.028), and all
pulses (manual, p-0.023). Classical increasing associations were noted for
the popliteal pulses (manual and Doppler), the posterior tibial pulses
(manual), and the femaral pulses (Doppler).

For the related variables involving cholesterol, the cholesterol-HDL
ratio shoved the most numerous and strongest associations with pulse
abnormalities. The cholesterol-HDL ratio was significantly and positively
associated with increases in manually determined radial, femoral, and
popliteal pulse abnormalities (p.0.033, p<0.001, and p-0.002, respectively);
however, other significant associations with all pulses and the leg and
peripheral pulse indices revealed an inconsistent pattern (p.0.012, p.0.013,
and p-0.010, respectively). In addition, the ratio vas significantly related
to femoral and posterior tibial pulse abnormalities, as detected by the
Doppler technique (p.0.019, p-0.035, respectively), but the relationships
were not uniform from low to high values of the ratio. HDL was significantly
associated with manually determined pulse abnormalities for femoral, leg,
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peripheral, and all pulses (p.0.002, p.0.013, p-0.013, p.0.013, respf.-c-
tively), but in all four cases, the mid-level category of HDL (greater than
40 to 50) vas associated with the lowest proportion of abnormalitie.s.
Cholesterol shoved only marginally significant associations with increased
abnormalities of femoral pulse (manual and Doppler) and posterior tibial
pulses (manual).

Percent body fat was significantly associated with increpses of femoral
pulse abnormalities (aanual., p-0.001); personality score was associated with
posterior tibial deficits (Doppler; p-Cr.028; nonlinear pattern); and drink-
years of alcohol was related to femoral pulse abnormalities detected by both
methods (manual, p<O.003; Doppler, p-0.013). Finally, in addition to
numerous other marginal.ly significant associations (e.g., drink-years and
posterior tibial abnormalities, Doppler, p-0.083; drink-years and popliteal
abnormalities, manual, p.0.085), differential cortisol showed a nonlinear
association with posterior tibial pulse abnormalities (Doppler, p-0.074).

The distribution of each of the covariates in the Ranch Hand and
Comparison groups is presented in Table 15-13. As noted, the distributions
of the three matching variables, age, race, and occupation, are nearly
identical (p.0.987, p-0.745, and p-0.661, respectively). For current
smoking, however, Ranch Bands smoke significantly more cigarettes per day
(higher mean level) than the Comparisons (p-0.043) a finding also observed at
Baseline. Additionally, the difference in mesa percent body fat was of
borderline significance (p.0.074), with a slightly higher average level in
the Comparison group.

The results of the adjusted analyses for the manual and Doppler pulse
determinations are presented in Table 15-11. Due to the small number of
abnormalities, manual radial pulses were adjusted only for age and the
cholesterol-HDL ratio, and Doppler radiAl pulses were not adjusted for r•y
covariates. Similarly, femoral Doppler pulses were adjusted only for age,
current smoking, and the cholesterol-FIDL ratio. Doppler popliteal pulses
were adjusted only for main covariat• effects, i.e., interactions were not
examined.

The adjusted analyses of all Doppler-determined pulse and pulse
aggregate abnormalities did not disclose any significant differences between
the Ranch Hand and Comparison groups. Age showed a consistent and profound
effect ip all of the adjusted Doppler analyses, whereas race, percent body
fat, and smoking were significantly influential in about half of the
analyses, and the choiesterol--HDL ratio was significant for only two of the
pulse variadles. The effects of these four covariates were all in the
expected (classical) direction.

For the manual pulse readings, the adjusted results (Table 15-11) were
decidedly different from the Doppler analyses, with all but the radial and
femoral pulses involved in significant group-by-covariate interactions.
There were no significant group differences for the radial and femoral pulses
(p-0.4 7 2, p-0.562, respectively). For manually determined popliceal pulses,
there was a significant group-by-race interaction (p.0.038), with Blacks
having an adjusted relative risk of 6.74 (95% C.I.: [0.72,63.40], =0.095) in
contrast to nonblacks, who had an adjusted relative risk of 0.55
(95% C.I.: 0.28,1.12] p-0.0991). All significant group-by-covariate inter-
actions are shown in Table M-6 of Appendix M.

0
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TABLE 15-13.

Summary Statistics for Cardiovascular Covariates by Group

Covariate Group
Covariate Category Ranch Hand Comparison p-Value

Percent Percent

Race Black 5.6 6.0
Nonblack 94.4 94.0 0.745

Occupation Officer 37.2 37.9
Enlisted Flyer 17.3 15.8
Enlisted Groundcrew 45.5 46.3 0.661

M Mean ± SE

Age (At Baseline) 43.57±0.25 43.57±0.22 0.987

Current Smokinga 10.50±0.50 9.19±0.42 0.043

Pack-years Smoking 12.6210.52 12.51±0.48 0.883

Cholesterol 216.8±1.3 218.1±1.2 0.463

HDL 46.32±0.42 46.90±0.35 0.288

Cholesterol-HDL Ratio 4.99±0.05 4.92±0.04 0.303

Percent Body Fat 20.85±0.16 21.73*0.14 0.074

Personality Score -1.11±0.30 -1.50±0.26 0.322

Differential Cortisol 2.31±0.13 2.46±0.12 0.398

Current Alcohol Use 1.23±0.07 1.28±0.07 0.611
(Drinks per Day)

Drink-.years Alcohol 25.62±1.44 22.91±0.96 0.117

"Equivalent cigarettes/day.

-- Covariate not categorized for %hese results.
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For the dorsalis pedis, posterior tibial, leg, peripheral, and all
pulses, significant group interactions with occupation were detected

* (p-O.046, p-0.017 , p-O.016, p-O.033, and p-0.036, respectively). In all
cases, the adjusted relative risk was less than one for the officers and
greater than one for the enlisted flyers and groundcrev. In addition, the
adjusted relative risk for enlisted flyers was consistently greater than the
risk for the enlisted groundcrev. Statistically significant associations by
pulse, by occupational category, were as follows: Poiterior tibia]. pulses in
enlisted flyer, p-0.032; leg pulses in officers (21Z body fat level),
p-0.026; peripheral pulses in officers, p-O.030; all pulses in officers,
p=.030. All other pulse-occupational strata contra.ts were not statis-
tically significant. As there was also a significant group by percent body
fat intera,,ition for leg pulies (p.0.034), each occupational category was
analyzed by level of obesity (obese, percent body fat greater than 25 per-
cent; nonobese, percent body fat equal to or less than 25 percent). For
officers, the adjusted relative risks were less than one for both the obese
(Adj. ER: 0.44, 951 C.I.: [0.17, 1.12], p4O.084) and the nonobese (Adj. RR:
0.66, 95Z C.I.: [0.42,1.041, p-0.072). For enlisted flyer personnel, the
adjusted relative isks were greater than one for both body fat categories,
but were not statistically sign'ficant. The enlisted groundcrew manifested
an adjusted relative risk of less than 1 for obese individuals (Adj. RER:
0.91, 95Z C.I.: [0.39,2.10], p-0.818), and greater than 1 for nonobese
individuals (Adj. RR: 1.20, 952 C.I.: [0.79,1.831, p-0.390), but also not
statistically significant.

The uiadjusted analysts of the man.al and Doppler pulse assessments
(shown in Table H-17 of Appendix M), using the Original Comparisons, did not
disclose any significant group differences. For the Doppler adjusted
analyses, the rexul... for the Ranch HanJ versus Original Comparison contrasts
were similar to those feund in the Ranch Hand versus total Comparison group,
i.e., no statistically significant group differences or group-by-covariate
interactions.

For the adjusted manual pulse determinations, however, the results
differed somewhat from the contrast of the Ranch Hand versus total Comparison
group in terms of the significant group-by-covariate interactions detected
(see thblen H-18 and M-19 of Appendix H). As before, there were no statis-
tically significant group differences for radial and femoral pulses. For
popliteal pulses, however, there was a significant (p-0.048) group-by-
occupation interaction, with an adjusted relative risk of less than one for
the officers (p-0.219) and greater than one for the enlisted flyers, although
not significantly so (p1-0.165). For dorsalis pedis pulses, there were no
significant group effects or interactions, but for posterior tibial pulses
the results were similar to those found in the contrast of the Ranch Hands
versus the total Comparison group analysir, i.e., a significant group-by-
occupation interaction. For the three pulse aggregates, there were
significant group-by-occupation and group-by-percent body fat interactions
for the leg pulses (officers having a risk less than one; enlisted flyers and
enlisted groundcrev having risks greater than one) and sign.ficant group-by-
percent body fat interactions for peripheral pulses and all pulses
(individuals with low percent body fat having adjusted relative risks greater
than one, and obese individuals having an adjusted risk less than one).

15-35



EIPOSuRE IN ANALYSES

Exposure index analyses were conducted for the Ranch Hand officer,
enlisted flyer, and enlisted groundcrev cohorts separately to determine if
any dose-response relationships could be idrtified. In mony cases, the data
were too sparse to permit statistical comparisons. Adjusted analyses
included the exposure level and only the main effects of age, race, pack-
years of smoking, cholesterol-HDL ratio, percent body fat, personality score,
differential cortisol, and current drinks per day, vhenever appropriate. (In
several instances, the stepvise logistic modeling did not detect any statis-
tically significant covariate effects. However, adjusted best model results
may differ slightly from the unadjusted results due to the omission of
individuals with missing covariate information from the adjusted analysis.)

Reported and Verified Heart Disease

Tabular results of ap'Justed exposure index analyses for reported and
verified heart disease ave presented in Table 15-14 (unadjusted exposure
index analyses are in Table K-7 of Appendix M). There were no statistically
significant differences for reported or verified essential hypertension or
reported or verified myocardial infarction by exposure level. (The data on
myocardial infarctions were quite sparse.) Results vere also negative for
reported and verified heart disease, except for the enlisted grounderev
cohort, where the parcentage of individuals with reporteJ or verified disease
was lovest in :he medium exposure category.

Central Cardiac Function

Table 15-15 gives the adjusted exposure results for systolic blood
pressure (dichotomized), heart sounds, and ECG findings. The unadjusted
exposure analyses are given in Table M-8 of Appendix M. The only exposure
level effect reaching statistical significance was the medium versus low
contrast for bradycardia in the enlisted groundcrev (pnO.048), where the
adjusted relative risk was significantly less than one.

There were borderline significant effects, with adjusted relative risks
greater than one for systolic blood pressure (enlisted groundcrev, medium
versus low exposure) and T-wave findings (enlisted flyers, medium versus low
contrast). There were borderline significant effects, vith relative risks
less than one for T-wave findirns in the enlisted groundcrew cohort, medium
versus low exposure (unadjvsted only), and high versus low contrast (adjusted
only).

The results for systolic blood pressure analyzed as a continuous
variable shoved no statistically significant exposure level effects, either
unadjusted or adjusted for covariate.. The adjusted medium versus low
exposure level contrast was of borderline significance in the enlisted
groundcrev (p.0.069). Age, percent body fat, and personality score were
significant covariates in one or. more occupational strata.
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Periberal Vacular syst

There vere no significant dose-response effects for diastolic blood
pressure (dichotomized), funduscopic abnormalities, or carotid bruits (Table
15-16). Analysis of diastolic blood pressure as a continuous variable also
did not reveal any statistically significant exposure level effects. Signif-
icant covariates were percent body fat, personality type, cholesterol-HDL
ratio, and current alcohol use.

Exposure index analyses of the peripheral pulses did not detect any
statistically significant exposure effects, either unadjusted (Tables M-9 ard
M-10 of Appendix K for the manual and Doppler pulse readings) or adjusted
(Tables 15-17 and 15-18).

Main-effect exposure analyses of 6 historical and verified heart disease
variables, 10 central cardiac function variables, and 11 peripheral cardiac
function variables (with both manual and Doppler results), shoved no evidence
of a dose-response relationship at the follovup examination. Two statis-
tically significant and several borderline significant exposure associations
.lacked a pattern of doce-response consistency, and appeared to be random in
nature.

Association of Cardiovascular Examination Findings With Verified Beart
DisUese

The central and peripheral cardiovascular examination findings were
analyzed together with the verified cardiovascular disease endpoints to
determine the degree of correlation between the third-year followup exam-
ination and the past medical history. The results are shown in Table M-11 of
Appendix M. There were highly significant associations between verified
essential hypertension and systolic and diastolic blood pressures, ECG
abnormalities, and abnormal fundi (p(0.O01, <0.001, <0.001, 0.008,
respectively). There was also a significant association between essential
hypertension and abnormal heart suunds (p.0.036 ), as well as a borderline
significant association between hypertension and carotid bruits (p-0.080).
The frequency of verified ess'ential hypertension, hovever, was not
significantly different in those with and without peripheral pulse
abnormalities (as determined by eitner the manual or Doppler technique).

For verified heart disease, there was a negative association with
diastolic blood pressure (p.0.043) and positive associations with ECG
abnormalities, heart soundi, abnormal fundi, and abnormal peripheral pulses
as determined by the Doppler technique (p<0.O01, p-0.017, p.0.014, and
p-O.007, respectively). Finally, there were significant positive associ-
ations between ECG and heart sound abnormalities (p<0.O01 for both) and the
occurrence oA. a verified myocardial infarction. The consisten.y between the
examination findings and the past izedical history provides support for the
overall validity of the cardiovascular measurement systems, whether by self-
report, medical records, physician assessments, or objective deýezminations
(e.g., ECG).
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LON qDUiAL ANALYSES

Two cardiovascular variables, the index of all pulses (by palpation) and
the overall ECG interpretation, were investigated to assess the longitudinal
differences between the 1982 Baseline examination and tne- 1985 follcvip
examination. Both variables are classified as abnormal or nozral. As shown
in Table 15-19, 2x2 tables were constructed for each group for each variable.
These tables show the number of participants vho were abnormal at Saseline
and abnormal at follovup, ab~norzal at Baseline and normal at fllovup, normal
at Baseline and abnormal at followup, and normal at both Baseline and
followup examinations. The odds ratio given i1 the ratio of the number of
participants who were normal at the Baseline and abnormal at the follovup to
the number of participants who were abnormal at the Baseline and normal at
the follovup (the "off-diagonal" elements). The chaa'es in normal/abnormal
status within each group are contrasted between the Ranch Hand and Comparison
groups, and the p-value is derived from Pearson's chi-square test of the
hypothesis that the pattern of change in the two groups is the same.

TABLE L5-19.

Longitudinal Analyses of All Pulses iudex
and Overall CG'as:

A Contrast of Baseline and First Follovup Examination Abnormalities

1982 1985
Baseline Follovup Odds* p-Value

Variable Group Exam Exam Ratio (OR) (OR,, vs. ORc)

Abnormal Normal

All Pulses Ranch Hand Abnormal 50 72 1.44
(Manual) Normal 104 743

0.01
Comparison Abnormal 40 63 2.43

Normal 153 880

ECG Ranch Hand Abnormal 86 192 0.22
(Overall) Normal 43 650

0.42
Comparison Abnormal 112 208 0.2i

Normal 56 763

Number Normal Baseline, Abnormal Followup
*Odds Ratio:

Number Abnormal Baseline, Normal. Followrp
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The data shoved a significant difference (p.0.01) in the pulse index in
tnh two groups between examinations. The percentage of Ranch Hands and
Coaparisons with abnormalities for the pulse index increased from the Base-
line examination to the follovup examination; however, the Comparison group
shoved a larger increase in the proportion of pulse index abnorxlities. The
greater reiative increase in the Comparisons caused the sigDv!.icant result.
No significant group differences were detected between examinations for
overall RCG abnormalities (p.0.42).

DISCUSSION

In general, the foregoing analyscs on a ride range of cardiovascular
variables, have shown a lack of significant differences between the Ranch
Hands and the Comparisons. The sole exception was the finding of increased
verified heart disease in the Ranch Hands versus the Coeparisons (24% and
20%, respectively, p-0.0 5 4, unadjusted; ?.O.035, adjusted). These results
were not noted in the Baseline examination (p.0.982, unadjusted). A review
of thc relative risk patterns, vhether or not statistically significant, for
all of the other cardiovascular variables shoved general equality, with about
half of the risks belov unity and hilf above, This rough equivalence
suggests tbhe, although tLe Ranch Hlans have slightly more reported heart
disease, the finding is not mizrored by substantial and consistent clinical
cardiovasc ilar defects at this time. This observation should not be lightly
41smissed, and is cause for continued closQ curve-llance.

The most notable cardiovascular finding at the follovup examinati3n
vas the lack of significant peripheral pulse abnormalities, which were
unexpectedly found at the 1987 "aseline examination (p.0.05). The primary
contributory cause of the change in prise significance from Baseline to
followup was probably the vigid 4-hour tobacco abstinence raquired prior to
Doppler teuting (due to the known vasoconstriction effects of nicotine).
Tobacco abstineace, however, was not a requirevent for the B~aseline manual
pulse readings. Although tobacco abstinence was not a requirement prior to
manual readings at the follo,-p examination, there was general compliance to
the 4woking prohibition, particularly if a participant's general physical
examination preceded the Doppler testing. Therefore it might be expected
that the manual readings would show more pulse abnormalities than Doppler
testing; in fact, this was the case f&e section on Peripheral Pulses).

Whatever the true cause(s), the prevailing fact is that there are no
lorger significant group differences in pulse abnormalities, as noted by both
uznual and Doppler techniques, regardless of the poor agreement between the
two melhods.

The close approximation of the estimated relative risks to unity for
practically all of the cardiovascular variables is clearly indicative of
equivalent cardiovascular health between the two groups. Furthermore, the
general similarity of the unodjusted and adjusted resultu was suggestive of
near equivalence of the important cardiovascular risk factors in the Fanch
Hands ard Comparisons (see Table 15-13), as well as a balance for unanalyzed
or hidden covariates of importance.

Thes- -1th assessments of the two groups are considerabiy strengthened
by the al ansistent, classical effects of the covariates in this
chapter. In particular, the age effect was uniformly profound, affecting
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almost all of the dependent variables in the functional categories of
reported-verified heart diseases, and central and peripheral vascular
function. The covariatus of race, percent body fat, and cholesterol
(particularly the cholesterol-HDL ratio), and smoking vere also generally
strong and consistent in their effects. Statistically significant, positive
associations vere seen betveen the current level of smoking and posterior
tibial, popliteal, and femoral pulses, as yell as borderline significant
associations ietveen current smoking and other ECG diagnoses, carotid bruits,
and reported myocardial infarctions. Hovever, significant negative associ-
ations were observed bttveen current smoking and reported and verified
essential hypertepsion. Pack-years of smoking was significantly positively
associated vith several ECG variables and pulse assessments, although not
alvays in a consistently increasing manner. There was a statistically
significant and consistently increasing effect of pack-years of smoking on
reported and verified myocardial infarctions, but there was a negative asso-
ciation betveen pack-years of smoking and verified essential hypertension,
vith the greatest number of abnormalities in the zero pack-year category.
Alcohol vas infrequently interactive vith the dependent variables, but
covariate tests of association generally revealed the classical pattern of
more cardiovascular abnormalities in the nondrinking category then in the lov
drinking category.

Personality score, hovever, usually failed to demonstrate the "expected"
aggregation of cardiovascular abnormalities in tb% Type A direction. In
fact, most associations vere in the Type B di-'ction. Generally, only
cardiovascular studies ascertaining persoro;aiity type by the Structured
Interviev technique have shown an ass'..lation of Type A personality (Type
A-i, in particular) to heart dises4 e endpoints, and conversely, studies using
questionnaire techniques to memure personality type have not demonstrated.
the association. Lastly, tlte strong association between historical-verified
cardiovuscula: events w-nJ the specific dependant variables provides assurance
that the overall cardiovascular measurements have been accurate and valid.

SMINARY AM CONCLUSIOKS

The cardiovascular health of both cohorts was assessed by collecti'%i of
reported and record-verified heart disease events; measurement of coecral
cardiac function by systolic blood pressure, abnormal heart sounO.ý, and
electrocardiograph (ECG) findings; and evaluation oi -qripherp-i vascular
function by diastolic blood pressure, funduscopic examinat4ton, presence of
carotid bruits, and detailed manual and Doppler seasurenints of five periph-
eral pulses. Table 15-20 presents the overall summary of the unadjusted and
adjusted results. 'here possible, the analyses umad the covariates of age,
race, occupation, percent body fat, cholesterol., high density lipoprotein
(HDL) cholesterol, cholesterol-HDL ratio, spoking history (pack-years and
current smoking level), alcohol history (drink-years and current drinking
level), personality score, and differential cortisol.

The cardiovascular variables did not reveal significant group
differences, vith the exception of verified heart disease, for vhich the
proportions of recorded cardiac events vere 24 and 20 percent in the Ranch
Hand and Comparison groups, respectively, (p.0.054 unadjusted, p-0.036
adjusted). This finding was not reinforced by results of individual
questionnaire or examination variables shoving impairment in the Ranch Hands.
There vas a remarkable balance in relative risks above and belov unity
betveen the groups.
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TABLE 15-20.

Overall Summaz Results of Unadjusted and Adjusted Analyses
Cardiovascular' Vviables

Statistical/
Variable Clinical Analysis Unadjusted Adjusted

Historical and Verified Heart Disease

Reported Hypertension NS NS
Verified Hypertension aS NS
Reported Heart Disease NS NS
Verified Heart Disease NS* Sb
Reported Hear- Attack NS NS
Verified Heart Attack NS NS

Central Cardiac Function

Systolic Blood Pressure Discrete NS NS
Continuous NS

9tart Sounds NS NS
Electrocardiogram (Overall) NS
ECG: RBBB NS NS
ZCG: LBBB --- N/A
ECG: Nonspecific T-Vave Changes NS NS
ECG: Bradycardia NS NS
ECG: Tachycardia --- N/A
ECG: Arrhythmia NS
ECC: Other Diagnoses KS NS
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TAMA 15-20. (continued)

Overall Sumary Results of Unadjusted and Adjusted Analyses
Cardiovascular Variables

Statistical/
Variable Clinical Analysis Unadjusted Adjusted

Peripheral Vascular Function

Diastolic Blood Pressure Discrete uS NS
Continuous NS NS

Funduscopic Examination MS NS

Carotid Bruits NS NS

Radial Pulses Manual NS NS
Doppler NS NS

Femoral Pulses Manual NS NS
Doppler NS NS

Popliteal Pulses Manual NS
Doppler NC NS

Dorsalis Pedis Pulses Manual NS
Doppler NS NS

Posterior Tibial Pulses Manual NS*
Doppler NS NS

Leg Pulses Manual NS
Doppler NS NS

Peripheral Pulses Manual NS
Doppler NS KS

All Pulses Manual NS
Doppler HS NS

NS:Not significant (p>0.10).

NS*:Bordetline significant (0.05<p:P.1O).

****Group-by-covariate interaction.

"axcluding hypertension.

•bRDC (Adj. RR: 1.25; 95Z C.I.: [1.02, 1.54], p-0.036).
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Other related analyses shbod an absence of signiflcant group differ-
ences in reported or verified hypertension, reported or verified heart
attacks, and reported heart disease. There vas good correlation betveen the
verified cardiovascular history and the central and peripheral cardiovascular
abnormalities detected at the physical evoMination, supporting accuracy and
validity of the cardiovascular measurements.

The adjusted analyses of central cardiac funition disclosed a signifi-
cant group-by-age interaction involving systolic blood pressure in the Black
cohort, vith a mean systolic blood pressure greater in the Ranch Sands than
the Comparisons at younger age levels, but a lover muen pressure at the older
ages; the group-by-age interaction vas not significant in the nonbLack
cohort. Additionally, there yas a significant group-by-pack-years of smoking
interaction for the overall SM findings, and significant group-by-pack-years
of smoking and group-by-perceAt body fat interactions for arrhythmia, but
they all generally pointed to lover adjusted relative risks in the Ranch
Hands.

In the analysis of peripheral vascular function, no significant group
differences vere observed for abnormalities involving radial, femoral,
popliteal, posterior tibial, dorsalis pedis, or three anatomic aggregates of
these pulses, either by manual palpation or Doppler techniques. This overall
finding was in distinct contrast to the 1982 Baseline examination, which by
the manual palpation method, shoved significant peripheral pulse deficits in
the Ranch Bands. This favorable pulse reversal over the tvo examinations is
primarily attributed to the rigid 4-hour tobacco abstinence applied prior to
Doppler testing, although other factors may be related. The lack of group
differances for pulse abnormalities yas noted even though the manual and
Doppler techniques differed significantly (p<O.05, p<O.O01 fer most) in the
detection of abnormalittes for all but one of the pulses or pulse
combinations.

For manually-determined palse abnormalities, there vas a significant
group-by-race interaction for the popliteal pulses, a significant group-by.-
percent body fat interaction for the leg pulses, and-significant group-by-
occupation interactions for the posterior tibial, dosalis pedis, and the
three pulse aggregates (leg, peripheral, and ell pulses). No interactions
v~re encountered in the adjusted analyses of the Doppler results, and none
shoved significant group differences.

Statistical. analyses involving the Original Comparisons also shoved no
significant differences in the cadLiovascular measurements between groups,
although slightly different interactions vere detected in some of the
adjusted analyses.

For the exposure analyses, the only statistically significant effects
were tho.e pointing to less bradycardia and less reported and verified heart
disease in the sedium exposure level category, as contrasted to the low
exposure category, among the enlisted groundcrev. In many cases there were
too few abnormalities within the occupational categories to permit formal
statistical tests. Overall, the exposure analyses were Jeemed as unsup-
portive of any meaningful dose-response relationships.

The longitudinal analysis of the pulse index confirmed the significant
difference in the change in the pattern of results from the Baseline exam-
ination to the follovup examination, largely due to a relatively greater
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increase of pulse abnormalities in the Comparison group than in the Ranch
Band group. There yas no significant change in pattern betveen the tvo

S groups in overall RCG findings betvwen examinations.

There vas a similar distribution of the covariates betveen groups,
except for a slightly higher level of current Ranch Hand smoking (also
observed at Baseline), and a corresponding slightly lover mean percent body
fat. The general covariate effects vere strong and shoved expected,
classical associations vith the cardiovascular measurements. Hovever,
unexpected effects were consistently noted for personality score, vith higher
proportions of various cardiovascular abnormalities associated with scores in
the Type B direction, a finding possibly attributable to the metbod of per-
sonality determination. Nonetheless, the repeated demonstration of classical
covariate associations with cardiovascular pathology lends considerable
credence to the quality of the data. Although smoking vas positively
associated vith many of the cardiovascular measurements, negative
associations were seen between current smoking and reported and verified
essential hypertension and between pack-years of smoking and verified
hypertension.

In conclusion, of 27 cardiovascular variables, only one, verified heart
disease, shoved a significant excess in the Ranch F'anwr. but this finding was
largely unsupported by other cardiac measurements. Both manual palpation and
Doppler recordings of five peripheral pulses ,ere similar in both groups, in
marked contrast to the 1962 Baseline examination vbich found significant
pulse deficits in the Ranch Hand group. This change at the follovup exam-
ination was most likely due to required tobacco abstinence prior to the pulse
measurements. Exposure index analyses did not support a consistent dose-
response relationship for any variable. Overall, there yas remarkable
similarity in the cardiovascular health betvean the Ranch Hand and Comparison
groups.
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9HPI ~16

HEUKTOLOGICAL WALUJTIOtI

Although direct impairment of the hematopoietic system may result from
exposure to chlorophenols or dioxin, marked abnormalities in many of the
circulating hematological elements may also be due to the severe and ofton
endstage toxicity observed in other organs or organ system. Animal
ixoerinents have confirmed both direct and indirect hematopoie'ic effects of
TCDO. In a chronic lov-dose feeding study of TCDD in eight monkeys,
decreased hemoglobin and hematocrit valueg vere noted at the 6-month mark in
all animals. Four of these monkeys expired in 7 tc 11 months and all had
anemia, leukopenia, and thrombotytopenia. Necropsy of three sacrificed
animals at 1 ytar shoved multi-organ pathology including bone marrow
degeneration, atrophy of lymphopoietic tissue, and numerous hemorrhages in a
variety of organs. In another monkey experiment, using single low and high
doses of TCDD, early hematological effects included increased neutrophil
counts in the loby-dose group and lymphopenia and thrombocytopenia in the
high-dose group. At the end of the experiment, half the sternal bone-rAarrov
samples revealed a decrease in overall cellularity and an increase in the
myeloid-erythroid cell ratio.

Rat e.::ertments with TCDD demonstrated relatively consistent results.
One study revealed elevated erythrocyte, reticulocyte, and neutrophil counts
with depressed values for the mean corpuscular voluye, mean corpuscular hemo-
globin, platelet counts, and clot retraction times. The authors attributed
most of these effects to terminal dehydration and nonspecific toxicity.
Anothet rat study using gavaye doses of TCDD varying from 0.001 to 1.0 ug/kg
demonstrated depfessed red blood cell counts and packed cell volumes in :he
high-dose group. In a mixed-dose regimen using rats, mice, and guinea pigs,
dose-related decreases in lymphocyte and leukocyte numbers were o~surved in
mice and Suinea pigs within 1 week following TCDD admtnistration. Thrombo-
cytopenia and hemoconcentration were found in rats. Becatise of the lyapho-
penia in mice and guinea pigs, TCDD was judged to be immunosuppressive.

In general, human observational studies shoved fever and less consistent
hematological findings than the structured animal experiments. A case report
of 2,4-D intoxication with marked neurological findings described transient
bone marrow depression with peripheral leukopenia and igranulocytopenia. In
two industrial accidents involving significant contamination vith TCDD and
resulting cases of chloracne, only temporary depje!sion of peripheral
leukocyte and lymphocyte formation was observed.

Tvo contemporary indepth morbidity studies''° of the Nitro, West
Virginia, accident included routine clinical coaplete blood counts and dif-
ferential counts, and hemoglobin and hematocrit determinations. Though these
studies shared overlapping study coh•rts, they did not reporv any of the
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he itolo-ial results in their publications; presumably, there were no
si~iifi..nt differencis in any of the parameters between the exposed and the
unexposed cohorts.

The two pilot studies of TCDD-contaminated residential aref 19 Missouri
also included routine hamatological assays of peripheral blood. ' One
study paraenxically noted a signific&ncly increased mean platelet cou• in
the high-risk group, although the data were not adjusteO for smoking. The
Quail Run study, predominantly emphasizing cell-mediated immunity, found
significant group differences in the mean leukocyte count, mean absolute
granul?•yce count, and the mean percentage of monocytel in the differential
count. Unfortunately, the authors neglected to identify the group (exposed
or unexposed) that had the abnormal hematological findings. hovever, the
finding of a significantly higher proportion of individuals with white blood
cell eounts exceeding 10,000/mm was in the exposed group.

hase~jule Sume.ary Lesults

A nunber of statiP 'ly significant group differences and interactions
emerged in the analysi& ut the 1982 Baseline examination. The Ranch Hand
group had a significantly higher adjusted aean red blood cell corpuscular
volume and corpuscular hemoglobin value than the Comparison group (p.O.05,
p=O.0 4 , respectively), although the magnitude of the difference was small in
each case. The Ranch Hand &djusted mean values for six other parameters,
i.e., red blood cell count, white blood cell count, hemeglobin, hematocrit,
mcaa corplrscula hemog~lobin concentration, and platelet coimi, were nearly
tdentincl to the adjustsd means of the Comparison group, and all vere well
within normal range. S~.ailarly, the percent of abnormal values for these
eight variables, as established by the ipper and lower limits of normal, did
not vary by ixoup.

Linear models demonstrated the profound effect of smoking, as measured
in pack-years. Vith increased smoking, white blood cell, hemoglobin, hema-
tocrit, mean corpuscular volume, wpan corpuscular hemoglobin, and platelet
valvis increased, whierets the mean corpuscular .hemoglobin concentration
showed a sigrificant negxtive asrociation with smoking. The red blood cell
counL revealed a borderlina significant negatlve relationship to smoking. No
statstically signitc&At froup-by-smoking interactions were detected.

The e-.,•sure index analyses cunducted within the Ranch Hand group dis-
Jlosed two statistically significant exposure-level effects as well, as seven

significant or borderline-significznt exposure-level-by-umoking intqw actions.
In the officer coho' , thN percentage of mian corpuscular hemoglobia abnor-
malities increased wlth increas'ng exposure level. The high-exposure group
also had the hi:hest percentage of mean corpuscular hemoglobin concentration
abnormalities. No sigrificant associations were found, however, in the
enlisted flyer or enlisted groundcrew cohort. Five interactions involved a
decrursing association (gradient of slopes) between the hematological neas're
and ?ack-years of smoking with increasing exposure level, one showed an
increpasing associa!1on with incrensing exposure livel, and one was uninter-
pretable. Tne report con.iuded that the overall statistical findings were
somewvrAt consistent among themselves, and that medical morbidity was not
signiticant.
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Parameters of the 1985 Hematological Evaluation

The 1985 hematological assessment was identical to the 1982 Baseline
evaluation. The eight hematologi':al variables were red blood cell count
(RBC), white blood cell count (VBC), hemoglobin (HGB), hematocrit (HCT), mean
corpuscular volume (HCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and platelet count (PLT); these variables
were determined by routine hematological procedures. The normal ranges of
the SCRF-determ4ned values differed somewhat from those employed in 1982 by
the Kelsey-Seybold Clinic.

As before, the analysis of the hematological data included the
covariates of age, race, occupation, and smoking. Updated and more
comprehensive smoking data, in terms of pack-years and current smoking
(including cigar- and pipe-smoking), were used in most analyses.

Excluded were three individuals with fever at the time of examination
(two Ranch Hands and one Comparison). Hematological variables in the
continuous form were analyzed by gene i1 linear models adjusting for age,
race, occupation, and smoking. The hematological data, trichotomized as
abnormally low, normal, or abnormally high, were subjected to log-linear
(logit) analysis, adjusted for the same covariates. Minor differences in the
table totals within this chapter reflect rare missing data for either the
dependent variables or the covariates. Parallel analyses using Original
Comparisons can be found in Tables N-4 through h-9 of Appendix N.

.RESULTS AND DISkIJSSION

Generai

Eight hematological assays were performed on peripheral blood specimens
obtained from all participants on the first day of the physical examination.
Table 16-1 lists the assays, the abbreviations used in this chapter, the SCRF
laboratory normal range for each assay, and the required laboratory coeffi-
cient of variation for each assay. The SCRF laboratory norms varied to some
extent from the values used at the Baseline examination (see pages XVI-3-1,
-Baseline Report). The SCRF laboratory coefficients of variation met or
exceeded contract Laquirements and were uniformly achieved dve to the
precision of the Coulter 5-Plus automated instrument, in conjunntion with
rigorous FIR CUSUM quality control techniques (see Chapter 6).

The overall precision in the laboratory aspects of the hematological
assays. is reflected in the analytic ability to discern minute mean shifts
between groups. Representative statistical power statements are as follows.
Sample sizes were sufficiently large to detect a 0.87 percent mean shift in
RBC and a 2.5 percent mean shift in PLT values using an a -level of 0.05 (two-
sided) and a power of 0.80. Further, the sample sizes were sufficient to
detect a 1.66-fold increase in the frequency of Abnormal values for RBC, and
a 1.96-fold increas, in the frequency of abnormal values for PLT, with
80 percent certainty.
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TABLE 16-1.

Laboratory Parameters for
Hematclogical Test Variables

Contract
Required

Coefficient of
SCRF Laboratory Variation

Hematological Test Abbreviation Normal Range (in percent)

Red Blood Cell Count RBC 4.3-5.9 million/cubic -m 2.0

White Blood Cell Count WBC 4.5-11.0 thousand/cubic mm 2.5

Hemoglobin HGB 13.9-16.3 gram!/l00 ml 1.1

Hematocrit HCT 39.0-55.0 ml/100 ml 3.0

Mean Corpuscular Volume MCV 80.0-97.0 cubic micra 2.0

Mean Corpuscular Hemoglobin MCH 26.0-34.0 micromicrogram 2.0

Mean Corpuscular Hemoglobin
Concentration MCHC 31.0-37.0 percent 2.0

Platelet Count PLT 130-400 thousand/cubic mm 3.5

The statistical analyses in this chapter are 2resented in the following
order: unadjusted tests, covariate tests of association, adjusted analyses,
exposure analyses, and longitudinal contrasts. A variable-by-variable dis-
cussion summarizes all of the analyses, and representative exposure analyses
are also presented. Group-by-covariate interactions are narratively pre-
sented, and illustrated ky calculating Ranch Hald-Comparison differences at
selected covariate levels. The interaction data tables are found in
Tables N-2 and N-3 of Appendix N.

Unadjusted Categorical Analyses

Data from the eight hematological variables were categorized as
abnormally low, normal, or abnormally high according to thi SCRF laboratory
norms cited in Table 16-1. The frequency distributizn of these discretized
data is presrnted by group in Table 16-2. As shown, there were no statis-
tically significant, or even marginally significant, differences between tf-e
groups. Only one abnormal MCHC value was found among all study participan-s.
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TABLE 16-2.

Unadjusted Categorical Analyses for Hematological Variables by Group

AbAormally Low Normal Abnormally High

Variable Group Number Percent Number Percent Number Percent Total p-Value*

RBC Ranch Hand 30 3.0 976 96.2 8 0.8 1,014 0.910
Comparison 42 3.2 1,239 95.9 11 0.8 1,292

WBC Ranch Hand 45 4.4 906 89.4 62 6.1 1,013 0.883
Comparison 63 4.9 1,149 80.9 80 6.2 1,292

HGB Ranch Hand 39 3.8 752 74.2 223 22.0 1,014 0.848
Comparison 44 3.4 960 74.3 288 22.3 1,292

HCT Ranch Hand 11 i1l 1,001 98.7 2 0.2 1,014 0.999
Comparison 15 1.2 1,274 98.6 3 0.2 1,292

HCV Ranch Hand 10 1.0 857 84.5 147 14.5 1,q14 0.992
Comparison 13 1.0 1,094 84.7 185 14.3 1,292

MCH Ranch Hand 7 0.7 943 93.0 64 6.3 1,014 0.755
Comparison 7 0.5 1,211 93.7 74 5.7 1,292

MCHC Ranch Hand 1 0.1 1,013 99.9 0 0.0 1,014 --
Comparison 0 0.0 1,292 100.0 0 0.0 1,292

PLT Ranch Hand 5 0.5 987 97.4 21 2.1 1,013 0.828
Comparison 3 0.2 1,264 97.9 24 1 9 1,291

*Chi-square test, 2 d.f., except for HCT and PLT which were obtained from
continuity adjusted chi-square tests on 1 d.f. (Abnormally high category
pooled with normal, and abnormally low category pooled with normal for HCT
and PLT, respectively.)

-- Only one abnormal MCHC value; p-value not given.
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Unadjuasted hnaRvses of Continuous Data

The unadjusted tests o& group means from the continuous data for the
eight variables are displayed in Table 16-3. The variables WBC and PLT were
analyzed in )ogarithmic units because of their right-skewed original dis-
tributions. Antilog values of the means are given for ease of interpretation
but their standard error or variance terms are consequently omitted since the
relevance of these terms pertains only to the logarithmic scale. The sample
sizes were 1,014 for the Ranch Hand group and 1,292 for the Comparisons,
except for 'VBC (Ranch Hands, 1,013; Comparisons, 1,292) and PLT (Ranch Hands,
1,013; Comparisons, 1,291). As shown in Table 16-3, there were no
statistically significant group differences between the unadjusted means of
each variable.

TABLE 16-3.

Unadjusted Continuous Analyses for
Hematological Variables (Contrast of Group Means)

Group MeaniSE
Difference

Variable Ranch Hand Comparison ±SE t-Statistic p-Value

RBC 4.964±0.012 4.982±0.010 -0.019±0.016 -1.19 0.233

WBC 7.003 6.391 -- 1.34 0.182

HGB 15.624±0.033 15.626±0.029 -0.002±0.044 -0.05 0.958

HCT 45.904±0.097 45.95k±0.083 -0.048±0.127 -0.38 0.703

MCV 92.596t0.150 92.346±0.132 0.250±0.200 1.25 0.210

MCH 31.544±0.055 31.431±0.049 0.113±0.074 1.53 0.125

MCBC 34.040±0.021 34.009±0.017 0.031±0.027 1.17 0.243

PLTa 265.2 263.0 -- 0.06 0.337

"Means transformed from log scale.

-- Difference and standard error3 (SE) not presented, since variables were
analyzed on logarithmic scale..
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Dependent Variable and Covartate Relationships

The data from the Ranch Hand and Comparison groups vere pooled for each
of the eight hematological variables and analyzed independently vith the
covariates of age (born in or after 1942, born before 1942), race (Black,
nonblack), occupation (officer, enlisted flyer, enlisted groundcrew), and
smoking history (0 pack-years; greater than 0 to 10 pack-years; and greater
than 10 pack-years). These analyses are summarized in terms of statistical
significance (p-values) in Table 16-4. Ai noted, each of the dependent
variables vas subwtantially affected by one or more of the covariates. The
exact nature of the covariate influence, e.g., directionality, significance,
consistency across related variables, is presented in the variable-by-
variable discussion section. Covariate effects vere also aralyzed in con-
tinuous form vith the use of linear regression models (see Table 16-6 and
discussion folloving). In addition, covariate distributions vere examined
betveen groups (see Table N-1 of Appendix N).

TAILE 16-4.

Association %etveei Hematological Variables
and Age, Race, Occupation, and Smoking History
in the Combined Ranch Hand and Comparison Groups

Variable Age Race Occupation Smoking History.

RBeC 0.010 <0.001 NS NS

VBC NS* <0.001 0.001 <0.001

HGB NS 0.002 <0.001 0•00"

HCT NS <0.001 NS NS

MCV <0.001 <0.001 0.004 <0.001

MCH <0.001 <0.001 0.003 <0.001

MCHC ........

PLT NS NS NS 0.004

KS: Not significant (p>0.10).

NS*: Borderline significant (0.0 5 <pp0.10).

-- Not analyzed due 'o sparse data.
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Adjusted Categorical Analyses

Log-liniar (logit) models for each of the hematological variables vere
fit to adjust for age, race, occupation, and smoking history. In addition,
all significant group-by-covariate i-iteractions vere examined. The covariate
of current level of smoking (used in the adjusted continuous analyses
described below) vas not included in the categorical analyses to avoid
problems with sparse cells. Adjusted relative risks for Ranch Hand-Comparison
contrasts vere calculated for the categories of abnormally l-v values versus
normal values and for abnormally high values versus normal vlues. Adjusted
relative risks vere not computed for the abnormally high versus normal
categories for HCT, or for the abnormelly lov versus normal categories for
PLT, due to sparse data. The results of these analyses are given in Table
16-5 and were quite similar to the unadjusted results, with no statistically
significant or borderline significant associations found.

TABLE 16-5.

Adjusted Categorical Analyses for Hematological Variables
(Abnormal Versus Normal), Adjusted for Age, Race,

Occupation, and Smoking

Abnormally Lov vs. Normal Abnormally High vs. Normal

Adj. Relative Adj. Relative I
Variable Risk (95% C.I.) p-Valne Risk (95Z C.I.) p-Value

RBC 0.93 (0.59,1.47) 0.762 1.04 (0.48,2.28) 0.920

W•C 0.96 (0.66,1.42) 0.854 0.97 (0.69,1.36) 0.852

HGB 1.12 (0.74,1.80) 0.522 0.98 (0.80,1.19) 0.824

HCT 1.02 (0.51,2.06)a 0.9544 ....

MCV 1.08 (0.52,2.26) 0.787 0.99 (0.78,1.26) 0.960

MCH 1.33 (0.56,3.17) 0.525 1.10 (0.79,1.54) 0.574

PLT .... 1.14 ( 0 . 66 , 1 .98)b 0 . 6 3 8b

"Abnormally low versus normal/abnormally high.

-- Not analyzed due to sparse data.

bAbnormally high versus normal/abnormally loy.
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Adjusted ealy.ses of Continuous Data

0General linear regression models were performed, adjusting for age (at
the Baseline examination), race, occupation (OCC), smoking history (pack-
years (PAcKYRI), and current level of smokin- (cigarettes per day (CSHOK]).
The linear models were fit to examine the main effects of group (GRP)
membership, the covariates, and two- and three-factor interactions among
these variables (only three-factor interactions involving group were
considered). The hierarchical modeling approach as described in Chapter 7,
Statistical Methods, was performed to arrive at a "best model" containing the
group effect and all statistically significant covariate main effects and
interactions.

The results of the adju:'ed analyses for the hematological variables,
along with the significance of the adjusting covariates and covariate
interactions are summarized in Table 16-6.

These results indicated t lack of significant group differences for RBC,
HGB, NCT, MCV, NCH, and HCHC after adjustment for five covariates. Two
analyses, VBC and PLT, shoved significant group-by-covariate interactions;
the statisti.cs of these interactions (along with borderline interactions for
RBC) are given in Table N-2 of Appendix N, and the narrative descriptions of
these interactions are included in the folloving variable-by-variable sumary
presentations.

Discussion

The. following variable-by-variable discussion presents the findings forS ~the unadjusted and adjusted results, mnain covariate effects, group-associated
interactions, and vheat appropriate, Ranch Hand versus Original Comparison
contrasts, and comparisons to Baseline results. The results of the covariate
effects and covariate interactions (not involving group) for the adjusted
analyses are found in Table 16-6; group-by-covariate interactions are given
in Table N-2 of Appendix N.

Red Blood Cell Count (FAC)

Both the categorical and cintinuous unadjusted analyses found no statis-
tically significant differences in RBC values between groups.

The covariate associations for both groups combined shoved a significant
effect of age (RBC abnormally low in 4.3Z of dhe older cohort versus 1.9% of
the younger; p=0.010) and race (Blacks having 6.3% and 4.2% in the abnormally
low and high categories versus 2.92 and 0.62 in nonblacks, resp~ectively;
p<0.001).

Continuous regression analyses also detected significant effects of
current smoking (p.0.004) and an, age-by-occupation interaction (p.0.013).
The adjusted categorical -ralysis shoved no significant group difference, but
the adjusted continucus .. ysis revealed a borderline significant (p.0.086)
three-factor interact:ion ot group-by-occupation-by-smoking history. Esti-
mated kanch Hand-Comparison contrasts revealed a significant difference
(p=0.010) for enlist:ed groundcrev, 30 pack-years with Panch Hands exhibiting
a slightly lower RBC count than the Comparisons (see Table N-2 of
Appendix N).
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TABLE l6-ýi.

Adjusted Continuous Lualyses for Nhmatological Variables,4
(Ranch Hand-Coueparison Group Differences)

Ranch Hand-Comparison
Group Difference

Variable :t SE p-Value Covariate Remarks*

RBC -0.021t0.015a 0.1-12 AGE*OCC (prOý03)
CSMOK (p.0-004)

VBC GRP*RACE*AGF (p..0.005)
GRP*AGE*PACKYR (p-0.004)
GRP*RACB*0CC (p-0.004)

HGB -0.034*0.042 0.410 AGZ*OCC (p-0.002).
RACB*QCC (p.0.013)
CSNOK (P<0.00l)

HCT -0.151t0.121 0.210 AGE*OCC (p-0.004)
RACE*OCC (pu'0 ,003)

OCC*PACKIR (p.0.035)
CSN0K (p<0.OO1)

MCV 0.108±0.188 0.565 RA4ZE*AGS (p<0.001)4
RACS*OCC (p-0.015)
RACS*CSNOK (pu.0.2 5 )

MS0.062±0.070 0.378 RACZ*AGE (pmO.0l5)
CSN0K (p<0.001)
0CC (pO.O0l)

MCHC 0.032±0.026 0.226 RACE (p-0.001)
CSHOR (p.-0O42)

PLT GRP*RACZ*PACvKYR W0.001)
GRP*RACE*CSMOK (p-0.024)
0CC (poO.039)
AGE (p-0.006)

*Abbreviat ions
0CC: Occupat ior.
CSMOK: CurrQnt level of smoking (cigarettes per day)
GRP: Group
PACKYR:U Smoking history (pack-years)

aAlbo, borderline significant three-factor interaction (see text).

****Group..by...covariate interaction; group difference, standard error (SE) and
p-value not presented,
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A similar, but slightly weaker interaction vas observed in the analysis
of the Original Comparisons versus the Ranch Hands. The general finding of
insignificant group differences supported the Baseline observations (despite
the use of different statistical procedurer), but the follovup results
differed by the mild three-factor interaction.

White Blood Cell Coumt (VUC)

The categorical and unadjusted continuous analyses did at disclose any
significant differences in VBC levels between the Ranch Hand and Comparison
groups.

Covariate tests shoved a borderline effect of age (vith he older cohort
having a slightly lover proportion of abnormally low VBC levels--4.2X versus
5.4% in the younger cohort), and the highly significant effects of race
(p<0.O01), occupation (p.0.001), and smoking history (p<O.OO1). Blacks had a
much higher proportion of abnbrmally low VBC counts (15.4Z) versus nonblacks
(4.0%); higher proportions of enlisted flyers and enlisted groundcrev
personnel (9.1% and 7.2Z, respectively) had abnormally high VBC counts versus
officers (3.6Z). Increasing frequencies of leukocytosis vere associated with
increasing levels of smoking.

The adjusted categorical analysis wan nonrevealing with respect to group
differences, but the adjusted continuous analysis disclosed three significant
three-factor interactions involving group memsership: group-by-race-by-age
(p.0.005), group-by-age-by-smoking history (pack-years; p.0.004), and
group-by-race-by-occupation (p.0.004).

Further analyses were coaducted stratifying by race (ale Table N-2 of
Appendix N). Among Blacks, the best model revealed significant group-by-
occupation and group-by-age interactions (p.0.045, p-0.024, respectively).
Group differences for covariate levels cocresponding to young officers and
young enlisted flyers were statistically significant, vith the adjusted mean
VBC value considerably lover in the Ranch Hand group than in the Comparison
group. Conversely, the adjusted difference for the older enlisteA groundcrev
was in the opposite direction. The results for vinblacks were sore precise:
The group-by-age-by-smoking history interaction ",m highly significant
(p.0.002), with young heavy smokers having a VBC level approximately
12 percent greater in the Ranch Hands than the Comparisons.

Other differences were small in magnitude and not statistically
significint. Ranch Band and Original Comparison contrasts were similar for
nonblacks, but for Blacks, the group-by-occupation and group-by-age inter-
actions did not reac6 statiatical significance (p-0.077, p-0.134, respec-
tively). The nonsignificance of the unadjusted and categorical adjusted
analyses was equivalent to the findings at th Baseline examination.
However, possibly due to different model selections, no interactions were
noted at Baseline. Race and occupa'ion vere not used as covariates at
Baselisie.

Hemoglobin (3B)

None of the four analyses, unadjusted and adjusted categorical tests and
unadjusted and adjusted tests of mean differences, detected a significant
difference between groups.
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Co,'ariate tests of association revealed the profound effects of race
(8.4X abnormally low in Blacks versus 3.3Z in nonblacks; p-0.002), occupation
(25.1Z and 25.6Z abnormally high in enlisted flyers and groundtrew, respec-
tively, versus 16.7% in officers; p<0.001), and smoking history (vith propor-
tions of abnormally high HGB levels associated vith increotes in pack-years
of smoking; p-O.OO3). Continuous analyses detected significant effects of
current smoking (p<0.O01), occupation-by-age (r.,.002), and occupation-
by-race (p.0.013) Interactions. No significant group-by-covariate intor-
actions were noted. Analysis of the r•anch Hands and Original Comparisons,
hovever, found significant threat-iactor interactions of group-by-race-by-age
(p.0.030) and group-by-rac,,-by-occupation (p-O.020) (see Tables N-7 and N-8
of Appendix N). For equivalent analyses, the follovup results vere quite
analogous to the B.aseline study results.

Hematoerit (ECT)

All of the unadjusted and adjusted categorical tests and analyses of
mean differences failed to detect any group differences. Since there were
only five abnormally high values, this category was combined with the normal
category in the categorical analyses.

The association of race to HCT was highly signiticant, with 4.9 percent
abnormally low valuas noted in Blacks versus 0.9 percent in nonblacks
(p<0.001). Regression analyses also detected significant effects of current
smoking (p<0.OAl) as well as age-by-occupation (p,.O.004), race-by-occupation
(p.0.003), and occupation-by-smoking history (p.0.035) interactions. In both
categorical and continuous adjusted analyses, no significant group-by-
covariate interactions were detected. Analyses of data from the Ranch Hands
and Original Comparisons, hovever, detected significant three-factor inter-
actions of group-by-race-by-age (p.0.026) and group-by-race-' occupation
(p.O.011) (see Tables N-7 and N-8 of Appendix N).

Nean Corpuscular Volme (M(V)

No significant group differences were detected for HCV abnormalities or
mean values by any of the unadjusted or adjusted analyses.

Main covariate effects were profound for age (p<O.001), race (p<0.OO1),
occupation (p.0.004), and smoking history (p<0.001). The older cohort had a
greater frequency of abnormally high MCV values than did the younger age
group (18.02 vs. 9.4Z, respectively), and Blacks had a far greater frequency
of abnormally lov MCV values than nonblacks (7.7% vs. O.6Z, respectively).
Enlisted groundcrev personnel had a lower percentage of abnormally high
values than officers or enlisted flyers (12.5Z, 15.5Z, and 17.02, respec-
tively), and increases in pack-years of smoking were associated with
increasing percentages of abnormally high levels (0 pack-years: 4.72; greater
than 0 to 10 pack-years: 13.1Z; and greater than 10 pack-years: 21.O0).

Continuous analyses detected significant interactions of race-by-age
(p<O0.01), race-by-occupation (p.0.015), and race-by -?jrrent smoking
(p-.0025). The analysis of the Ranch Hand and Original Comparisons revealed
a significant group-by-race interaction (p.0.031) for the categorical
analyse3 and significant group-by-age-by-smoking history (p.0.041) and
group-by-age-by-current smoking (pO.012) interactions in the continuous
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analyses. Various contrasts are given in Table N-8 of Appendix N. No
* explanations are app:ernt for these interactions except chance. The follovup

examination results of NCV (i.e., significant interactions) differed from thf
Baseline results, vhich shoved a significantly larger adjusted mean MCV value
in the Ranch Hands.

NMea Corpuscular Hemoglobin (MNC)

NCH abnormalities and mean values did not differ significantly by group
in any of the unadjusted or adjusted analyses.

Main effects vere very significant for all of the covariates. The older
cohort had a greater frequency of abnorm&lly high 1CM values than the younger
group (7.9% vs. 3.2Z, respectively; p<O.001), vhile Blacks had a greater
frequency of lov abnormalities than nonblacks (4.9Z vs. 0.3%, re3pectively;
p<0.0O1). Enlisted groundcrev had a higher proportion of abnormalities in
the lover range than enlisted flyers and officers (1.0%, 0.3%, 0.2%, respec-
tively), but they had a lover proportion of high-range abnormalities compared
to the other occupations (4.3%, 7.8%, and 7.3%, respectively). The overall
p-value vas 0.003. Increasing pack-years of smoking vas associated vith
Increasing frequencies of high abnormal 1CM results (0 pack-years: 2.1%;
greater than 0 to 10 pack-years: 6.0%; and greater than 10 pack-years: 8.3%;
.p<O.001).

Continuous analyses detected a significant race-by-age interaction
(p.0.015), as yell as significant effects of current smoking (p<0.O01) and
occupation (p<0.O01). The follovup findings did not support the Baseline

* observation of significantly increased NCH in the Ranch Hands, although the
mean vas still higher (both unadjusted and adjusted) in the Ranch Hand grodp.

In the analysis of the Ranch Hands and the Original Comparisons, a
significant three-factor iiktoraction of group-hy-age-by-current smoking
emerged (p.0.026). Table N-8 of Appendix N presents Ranch Hand-Comparison
differences for selected covariate levels corresponding to 35- and 53-year-
old nonsmokers, one-pack-per-day current smokers, and two-packs-per-day
current smokers. The differences were positive for all contrasts except the
53-year-old smokers, when the differences became increasingly more negative
vith increasing levels of smoking.

Nen Corpuscular Hemoglobin Concentration (MMC)

In both groups, only one abnormal HCHC count was recorded for either the
abnormally low or abnormally high categories, precluding unadjusted or
adjusted categorical tests, and exploration of main covariate effects. No
significant group differences vere detected by the unadjusted or adjusted
tests of MCHC means, although race (p=0.001) and current smoking (p.0.042)
were significantly associated with MCHC (higher NCHC in nonblacks and
decreasing NCHC associated with increasing current levels of smoking).
Similar findings vere noted in the analysis of Ranch Hand and Original
Comparisons, and overall, the follovup findings vere comparable to the
1982 Baseline MCHC results.
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Platelet Count (PLT)

Neither the unadjusted nor the adjusted categorical analysis shoved
statistically significant group differences. Analysis of continuous data
disclosed significant effects due to occupation (p-0.039), age (poO.006),
group-ty-race-by-smoking history (p<0.001), and group-by-race-by-current
smoking (p-0.024) interactions, vith higher PLT values in the heavily smokinw
Ranch Hands but similar values for nonsmokers (see Table N-2 of Appendix N).

The significant interactions of group-by-race-by-smoking Mistory
(p-O.011) and group-by-age (p.0.040) vere also noted for the analyses
involving the Original Comparisons (see Table N-8 of Appendix N). The
percentages of abnormally high PLT counts increased with increasing pack-
years of smoking (0 pack-years: 0.8X; greater than 0 to 10 pack-years: 2.OX;
and greater than 10 pack-years; 2.6%). Other than the interactions
encountered in the adjusted analyses, the overall findings at the follovup
were comparable to the Baseline PLT results.

EXPOSURZ INDEX ANALYSES

Exposure index analyses were conducted within each occupational cohort
of the Ranch Hand group to search for dose-response relationships (see
Chapter 8 for details on the exposure index). Log-linear models were fit to
the categorical data to examine the effects of exposure and pack-years of
smoking, as well as the interaction between these variables. The normal and
abnormally high categories were pooled for the RBC count, and the abnormally
low and normal response categories were pooled for NCV, MCR, and PLT due to
empty cells in some strata. Because of the small numbers of abnormal values,
analyses were not conducted for HCT or MCHC. The results of the unadjusted
categorical analyses are presented in Table 16-7, and the counterpart
adjusted analyses are given in Table Z6-8&

The unadjusted analyses shoved only a statistically significant result
for the VBC count in the enlisted flyer category, due primarily to an excess
of abnormally low values in the high exposure category. The very sparse data
support a trend from low to high exposure, and the finding of abnormally low
WK counts associated with exposure is in the direction expected for an
herbicide effect. However, the exposure association with abnormally low VPC
counts converted to borderline significance (p.0.082) in the adjusted
analysis. There were no statistically significant exposure level-by-smoking
history interactions. Similar analyses in the other occupational strata
(with much l4rgeL sample sizes) did not produce this pattern.

The unadjusted analysis of means for all eight hematological variables
was carried out by a one-way analysis of variance. The results are arrayed
in Table 16-9.

These analyses revealed only one statistically significant result
(p=0.038), the RBC count in the enlisted groundcrev stratum where individuals
in the medium exposure category had a higher mean RBC level than those in the
low or high exposure categories. Thus, these significant .1BC findings did
not demonstrate a dose-response relationship. The results for ECT in the
enlisted groundcrev stratum were of borderline significance (p-0.052) with
the highest mean HCT level in the medium exposure category. In contrast to
the categorical analyses, mean VBC levels in the enlisted flyers were not
significantly different among tht three exposure levels.
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var- Ocw.- -q d
able pstion lInder FR.br ftrm t Nimer Percent Ame Pe~rcst Thtal p-valus

WC Officer Uw 3 2.4 123 96.8 1 0.8 127 0.522e
Mediui 4 3.1 125 96.2 1 0.8 130
High 6 4.9 114 93.4 2 1.6 122

alli~st'm Lad 1 1.8 54 98.2 0 0.0 55 0.401"
Flyer Meiium 1 1.5 64 98.5 0 0.0 65

High 3 5.3 54 94.7 0 0.0 57

&Masted Low 6 3.9 148 96.1 0 0.0 154 0.329
Groumdem Medium 2 1.2 158 97.5 2 1.2 162

High 4 2.8 136 95.8 2 1.4 142

WC Officer Low 7 5.5 115 90.6 5 3.9 127 0.919
Medium 7 5.4 118 90.8 5 3.8 130
Hgh 5. 4.1 flO 90.2 7 5.7 122

a•ltsted IM 0 0.0 51 92.7 4 7,3 55 0.045
Flyer Meium 1 1.6 59 92.2 4 6.2 64

H~b 6 10.5 47 82.5 4 7.0 57

Enlisted Lw 4 2.6 139 90.3 11 7.1 154 0.839
(Gnkcir Mediiumn 8 4.9 142 87.6 12 7.4 162

HIgh 7 4.9 125 88.0 10 7.0 142

HM Officer Lvw 7 5.5 100 78.7 20 15.8 127 0.425
Kadium 2 1.5 106 81.5 22 16.9 130
High 6 4.9 92 75.4 24 19.7 122

allistod Lwv 3 5.a 36 65.4 16 29.1 55 0.350
Flyer Medium 3 4.6 51 78.5 U 16.9 65

High 5 8.8 36 63.2 16 28.1 57

Fnlisted Low 5 3.2 119 77.3 30 19.5 154 0.352
Grokndcrw Midium 4 2.5 110 67.9 48 29.6 162

High 4 2.8 102 71.8 36 25.4 142
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MV Officer Low 1 0.0 111 87.4 15 11.8 127 0 .55e
medium 1 0.8 111 85.4 18 13.8 130
High 0 0.0 102 83.6 20 16.4 122

Enlisted Low 0 0.0 43 78.2 12 21.8 55 0.7640

Flyer Hadiuz 0 0.0 54 83.1 11 16.9 65
High 0 0.0 47 82.5 10 17.5 57

Enlisted Low 2 1.3 139 90.3 13 8.4 154 0.09eb
Grzxcrew Medium 3 1.8 133 82.1 26 16.0 162

High 3 2.1 117 82.4 22 15.5 142

MIC Officer Low 1 0.8 117 92.1 9 7.1 127 0.916
ladium 0 0.0 121 93.1 9 6.9 130
High 0 0.0 112 91.8 10 8.2 122

Enlisted Low 0 0.0 51 12.7 4 7.3 55 0,855
Flyer Mediu 0 0.0 60 92.3 5 7.7 6.5

High 0 0.0 54 94.7 3 5.3 57

Enlisted Lcw 1 0.6 147 95.4 6 3.9 154 0 .626b
CG drwkr Meditum 2 1,2 151 93.2 9 5.6 162

i* 3 2.1 130 91.6 9 6.3 142

PIT Officer Low 2 1.6 120 94.5 5 3.9 127 0.487'
Mmdiuu 1. 0.8 126 97.7 ? 1.6 129
Hig 0 0.0 119 97.5 3 2.5 122

&a.is tevl Uw 1 1.8 51 92.7 3 5.4 55 0.L2L5•'
Flyer Med1iu 0 0.0 64 96.5 1 1.5 65

MHiS 0 0.0 57 100.0 0 0.A 57

Enlisted Low 0 0.0 1M2 8.7 2 1.3 154 0.914
(kounik-w Mediu• 1 0.6 158 97M5 3 1.8 162

High 0 0.0 140 9%.6 2 1.4 142

atbrms pooled vith erb maly h•.

b ~ Arally ow I powd with norual.
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TABLE 16-8.

Adjusted Categorical Exposure Index Analyses (Log-Linear Models)
for Hematological Variables by Occupation (p-Values)

Exposure
Exposure Smoking Index-by-
Index History Smoking

Variable Occupation Effect* Effect** History

RBC Officer 0.593 0.246 0.472
Enlisted Flyer 0.552 0.364 0.981
Enlisted Groundcrev 0,310 0.515 0.717

WBC Officer 0.928 0.001 0.616
Enlisted Flyer 0.082 0.121 0.971
Enlisted Groundcrev 0.761 0.009 0.1G4

HGB Officer 0.444 0.393 0.424
Enlisted Flyer 0,413 0.647 0.980
Enlisted Groundcrev 0.299 0.104 0.143

MCV Officir 0.718 <0.001 0.334
Enlisted Flyer 0.619 0.020 0.490
Enlisted Croundcrev 04101 0.028 0.574

NCH Officer 0.852 0.002 0.777
Enlisted Flyer 0.600 0.168 0.514
Enlisted Groundcrew U.581 0.288 0,530

PLT Officer 0.410 0.099 0.708
Enlisted Plyer 0.178 0.816 0.976
Enlisted Groundcrev 0.910 0.363 0.996

*Adjusted for smoking history (no interaction).

**Adjusted for exposure index (no interaction).
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TABLE 16-9.

Unadjusted Continuous Xxpoture Index Antlyses for
S~matological Variables by Occupation (Analysis of Variance)

Exposure Index
Mean I SE

Occupation Variable Lov Medium High p-Value

(n=127) (n-130) (n0122)

Officer RBC 4.904t0.030 4.861*0.029 4.899%0.034 0.560
WBC 6.488 6.553 6.753 0.512
HGB 15.468±0.084 15.463±0.067 15.593tC.094 0.507
HCT 45.37910.243 45.313tO.255 45.7910.284 0.380
MCV 92.648±0.430 93.260±0.365 93.548±0.367 0.252
?CB 31.606*0.161 31.851±0.134 31.884±0.123 0.314
MCHC 34.090±0.060 34.123;0.060 34.067±0.059 0.801
PLTa 253.66 255.70 256.72 0.799

(n.55) (n065) (n.57)

Enlisted ,BC 4.972±0.048 4.942z0.037 4.957±0.053 0.894
Flyer VBCO 7-531 7.236 6.966 0.378

8GB 15.785*0.149 15.629±0.110 15.721±0.180 0.744
OCT 46.345±0.425 45.90860.315 46.300±0.535 0.717
MCv 93.269±0.618 92.923±0.501 93.400*0.572 0.817
MCS 31.782±0.222 31.675±0.181 31.735±0.208 0.933
KCBC 34.065±0,075 34.058;0.072 33.956±0.072 0.508
PLT" 272.87 275.34 261.13 0.382

(n.154) (nw162) (ns142)

Enlisted RBC 4.990±0.032 5.094±0.031 4.999f0.n13 0.038
Groundcrev 6BCO 7.185 7.236 7.38 I 0.686

HGB 15.566±0.099 15.807±0.075 15.685±0.090 0.147
HCT 45.740t0.284 46.580±0.210 46.086±0.252 0.052
MCV 91.737*0.399 91.672*0.404 92.37610.458 0.A36
NMC 31.251±0.154 31.138t0.151 31.468t0.166 0.225
MCHC 34.032±0.059 33.941±0.051 34.03110.057 0.409
PLTa 270.97 273.42 268.27 0.748

eStandard errors (SE) not presented, since variab'ss were analyzed on

logarithmic scale.
b n=129.

Cn- 6 4 .
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Adjusted analyses of the differences in variable means were performed by
regression techniques. As in the unadjusted analysis, REC and ICT in the
enlisted groundcrew stratum presented contrasts of interest for the medium
versus low exposure categories (p=0.059, and p-0.0 4 1 , respectively).
Further, it was noted that smoking history (pack-years) was significantly
associated with the RBC and HCT variables in a negative direction, while the
current smoking covariate (cigarettes/day) shoved a positive trend.

By linear models, the adjusted exposure analyses included the main
effects of the covariates, as well as interactions between exposure level and
each covariate. No clear dose-response relttionships were identified, but
eight exposure-by-covariate interactions were noted, and these are reflected
in summary form in Table 16-10. Analyses exploriig these interactions are
presented in Table N-3 of Appendix N.

These data do not disclose any interpretable pattern of occupatinnal
predominance in the Ranch Hand group. Hovever, the relative sparseness of
the enlisted groundcrev stratum in these interactions is noteworthy, as is
the relative representation of race and age as interactive covariates.

Exposure contrasts are shown in Table N-3 of Appendix N. For 1GB and
8CT, high versus low contrasts were significant at covariate levels
corresponding to Black officers, and medium versus low contrasts were
significant at covariate levels corresponding to enlisted flyers, age 35.
The medium versus low contrast corresponding to Black enlisted groundcrev was
also significant for PLT.

In summary, several interactions were detected in the continuous
analyses, but only a few of the main effect exposure analyses demonstrated
statistical significance. Of these, only one showed a weak linear trend of
effects increasing from low to high exposure. No pattern of exposure effects
was discernible by occupational category.

TABLE 16-10.

S. ry of Exposure Inder-by-Covariate Interactions
Encountered in Adjusted Continuous Analyses of Hematological

Variables (General Linear Models)

Variable Occupation Covariate p-Value

RBC Officer Race 0.052

RBC Enli3ted Flyer Age 0.012

HGB Officer Race 0.034

HGB Enlisted Flyer Age <0.001

HCT Officer Race 0.048

HCT Enlisted Flyer Age 0.002
PLT Enlisted Flyer Current Smoking 0.050

PLT Enlisted Groundcrew Race 0.044
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LONGI•rDINAL MALYSRS

The sauple data base for the longitudinal analyses vas the number of
participants who attended both examinations (971 Ranch Hands and 1,139 Com-
parisons). These variables were analyzed: MCV, MCd. and PLT. The results
of these analyses are depicted in Table 16-11.

These analyses shoved no statistically stgnificant group differences for
the MCV and NMC variables, whereas a highly significant group difference was
present for mean PLT counts. Both MCV and MNC counts increased symmetrically
from the Baseline examination, a fact likely attributable to an ongoing
effect of smoking (see Table 16-4) or to a laboratory technique difference.
The highly significant difference (p.0.002) for PLT counts was due to a
group-by-examination time interaction, with the Ranch Hands exhibiting a
slight decline in the mean PLT value from the Baseline to follovup examina-
tion, whereas the Comparisons shoved a slight increase in the mean PLT value.
No biological significance is assigned to the statistically significant group
difference in the change in PLT counts. Based upon the results of the
longitudinal analysis, there is reasonable equivalence of the hematological
.tatus between the two groups.

TABLE 16-11.

Longitudinal Analyses for 1CV, NCH, and PLT:
A Contrast of Baseline and First Follovup Examination Test Means

Means

Difference 
p-Value

1982 1985 (Follov'ip- (Equality of
Variable Group Total Baseline Followup Baseline) Error* Difference)

MCV Ranch Haqd 971 88.89 92.60 +3.71
2.800 0.96

Comparison 1,139 88.68 92.38 +3.70

MCH Ranch Hand 971 30.81 31.55 +0.74
0.879 0.30

Comparison 1,139 30.65 31.45 +0.80

PLT Ranch Hand 971 276.9 271.5 -5.4
35.38 0.002

Comparison 1,139 266.7 268.2 +1.5

6
*Error - * Time/Group mean squares.

16-20



SUNMMAR AND CONCLUSIONS

The functional integrity of the hematopoietic system was assessed by the
measurement of eight peripheral blood variables: red blood cell count (RBC),
white blood cell count (WBC), himoglobin (HGB), hematocrit (HCT), mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (NCHC), and platelet count (PLT). These variables
were analyzed in the discrete form to detect difference!. in the percentages
of values outside the designated laboratory range, as well as in the
continuous form to detect shifts in mean values between the two groups. A
summary of all of these analyses, unadjusted and adjusted for the covariates
of age, race, occupation, and smoking, is presented in Table 16-12.

The unadjusted discrete analysis of the percent abnormal values, both
low and high, shoved no statisrical.ly significant differences between the
Ranch Hand and Comparison groups for any of the hematological variables.
Similarly, the adjusted categorical analysis disclosed that none of the
adjusted relative risks was significant for either group, and that no
significant group-by-covariate interactions were present.

The unadjusted continuous analysis did not detect any significant
differences in group means for any of the eight variables. The adjusted
continuous analysis found no significant group difforences for KGB, HCT, MCV,
DCH, and IHCC, but encountered significant three-factor interactions for VBC
(group-by-race-by-age, group--by-age-by-smoking history, and group-by-
race-by-occupation), for PLT (group-by-race-by-smoking history and group-by-
race-by-current level of smok.ing), and a borderline interaction for RBC
(group-by-occupation-by-smoking history). Ranch Hand versus Original
Comparison analyses revealed further significant interactions for 8GB, HCT,
MCV, and WCM. As no group strata demonstrated consistent patterns of
hematologic impairment, biologic relevance was not assigned to the
interactions. The covariate effects of age, race, occupation, and smoking
history were highly significant for many of the hematological variables.

The effect of race was particularly profound for all variables except
PLT. There was fair consistency in the covariate effects upon the RIC-
related variables. Generally, decreasing hematologic values were associated
with increasing age and the Black race, and increasing hematologic values
were associated with in*-easing smoking. The detection of these classical
covariate effects lends credence to the overall finding of nonsignificant
gr.,4 differences for all of the hematological variables. Significant group
differences found for MCV and NCR at the Baseline examination were n~ot
significant at the first follovup. Other differences (e.g., covariate
effects, interactions) between the Baseline and follovup examinations may be
due to small numeric shifts in the cohorts under study (see Chapter 2) and
the selection of alternate statistical models, or due to chance.

Unadjusted continuous -Axposure analyses in the Ranch Hand group revealed
only one significant tffect (R.BC in enlisted groundcrev) and one borderline
effect (l.: in enlisted groundcrev), but neither was consistent with a
plausibl, Ise-response relationship. The adjusted continuous exposure
analyses found only one significant contrast (KCT, mediur exposure verius low
exposur•, enlisted groundcrev). Hovever, seven exposure level-by-covariate
interactions were noted for for of the hematological variibles. Discrete
outcome analyses of the exposure level index revealed a significant result
only for WEC in the enlisted flyers.
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TABLI 16-12.

Overall Summary RPaults of Unadjusted
and Adjusted Analyses of emstological Variables

Unadjusted Adjusted

Mean Categorical Mean Categorical

RBC NS NS NS* NS

WBC NS NS NS

9GB MS NS NS NS

BCT NS NS NS NS

KCV "S NS NS NS

NCO NS NS NS NS

XCHC KS -- NS --

PLT KS NS NS

NS: Not sgnificant (p>O.10).

NS*: Borderline significant group-by-covariate interaction (0.05Sp<O.10).

-- Analysis not performed due to sparse data.

****Group-by-covariate interaction.

Note: SignIfic"*- group-by-covariate interaction, Ranch Hands versus Original
Comparisons only, for OGB, H37f, WCV, and 14CH.
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The longitudinal analyses of HCV, NCR, and PLT found significant d.f-
frrences only for PLT values betveen the gasoline and follovup examination3,
with the Baseline group difference in mean values closing to near equivalence
at the follovup examination.

In conclusion, none of the eight hemazological 4ariables vere found to
differ significantly between the Ranch Band and Comparison groups. In fact,
group equivalence vas more apparent at the follovup examination than at the
Baseline examination, the classical effects of age, race, and smoking vere
demonstrated v.th most of the hewatological variables. The longitudinal
analyses also suggested that neither group manifested an impairment of the
hesatopoietic system. Exposure index analyses did not support a plauisible
dose-response relationship for any of the hematological variables.
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CHAPR 17

RENAL ASSESSMEN

Renal dysfunction and overt renal disease are not considered to be
important clinical sequelae of exposure to phenoxy acids, chlorophenols, or
TC')O.

In man and animals, 2,4-D, 2,4,5-T, and TCDO are excreted by theLkidney,
largely in the unmetabolized statt via a first-order kinetic process.
Excretion of these :.ypounds appe..rs to be a function of the proximal
convoluted tubules. In, experimental animals, renal damage is generally
noted only vhen very high or lethal doses of TCID have been administered, an
observation that reflects the severe systemicttgYicity of TCDD as contrasted
to a doubtful role of primary nephrotoxicity.

A variety of expvrimental pharmacokinjt!cJtMies have been conducted in
man using both ingested 2,4-D and 2,4,5-T. Most of these studies
suggested an unconJugated excretion of these compounds by first-order
kinetics. No t'ute deleterious effects, as detected by urinalysis or blood
chemistries, vere either noted or recorded for the volunteer subjects.

Tn contrast, folloving 3ignificant exposure to a horse arena filled vith
TC-MD-contaminated vaste products, a 6-year-eld girl developed hemorrhagic
cystitis, pyelonephritis, and proteinuria.I- Horses exposed to this arena and
other contamirtated arenas also frequently manifested hematuria. A thorough
5-year follovup exrmination of Ihe young girl was essentially normal and did
not reveal any rknal sequalae.

Most dioxin morbidity studies have only briefly mentioned renal disease
and function, and then in the context of routine data collected at physical
examination rather than as a specific clinical focus. Some studies of
significant occupa orftl axposure have been almost devoid of cosmentaty on
renal dysfunction. -AI I contemporary 0 study of a residentially exposed
cohort shoved negative renal findings.

The Times Beach, Nissour', pilot study dem,)nstrated historical "trends"
of increased urinary tract disease by questionnaire, along vith a compatible
pattern of leukocyturia and hemacuria manifest at phys1itl exanination, but
none of the observations was statistically significant. The Monsanto
industrial morbidity studien reported assenlialy negative urinalysis
findings, although data vere not presented.

Baseline Sak Results

The 1982 Baseline examination assessed renal disease and function by
questionnaire and basic urinalysis testing.
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Based on questionnaire information, the Ranch Hand group reported
significantly more kidney disease than the Comparisons (p.0.039), but this
finding was not substantiated by laboratory test rerults, even when all
abnormalities were summed over the five tests of BUN, creatinine clearance,
presence of occult blood, five or more urine VBC's per high-pover field (HPF),
and the presence of urine protein. The Comparison group manifested a twofold
increase in proteinuria (p.O.0 5 5 ). The distributions of creatinina clearance
levels were similar in both groups, as were the seans of the BUN, urine
specific gravity, and VBC's/HPF. Difficulty in assessing the degree and
significance of hidden noncompliance to the full 24-hour urine !ollection made
the interpretation of the creativine clearance test results somewhat
problematic. Of some interest, known noncompliance to urine collection was
observed such more frequmntly (p<O.O01) in the elderly participants. Of 18
herbicide exposure analyses, only 1 (enlisted flyer category) vas
statistically significant vis-a-vis a history of kidney disease, and it did
not demonstraze a linear increase from low to high exposure.

The validity of the renal assessment vas reinforced by the dbmonstrated
effects of the covariates of age (bor- in or after 1942, born before 1942) a.d
2-hour stacus after postprandial glucose levels (less than 120 mg/dl, greater
than or equal to 120 mg/dl). Blood urea nitrogen increased with age and
specific gravity decreased (p<O.OO1 for both), while an abnormally hign
postprandial glucose level indicative of diabetes was associated only with an
increasing urine specific gravity, as expected.

Overall, the Baseline renal assessment suggested an excess of historicll
kidney disease in the Ranch Hand group that was not corroborated by laboratory
urinalysis testing.

Parameters of the 1965 Renal Assessment

Because of the essentially negative Baseline results, the fact that
kidney disease is not a prime clinical endpoint, and the manifest compliance
problems vith a 24-nour urine collection, the 1985 examination process did not
emphasize further inquiry into renal diseas. and function.

The onsite NORC questionnaire did not specifically probe for a 1982-1985
interval history of kidney disease, although seva-e cases may be captured by
the generic question, "any other major condition?" or by a detailed extraction
of reviev-of-systems data obtained at the physical examination. Laboratory
testing parameters included all the Baseline dependent variables except the
creatinine clearance level (omitted because the plasma creatinine assay was
deleted from the test battery). Also, the analysis of composite renal
abnormalities was deleted. In addition, the 24-hour urine collection vas
reduced to a 32-hour collection (5:30 a.m. to 5:30 p.m.) to ease participant
burden while still saintainini validity for the porphyrin analyses (see
Chapter 13). The accuracy of the 12-hour urine collection was not assessed
during the 1985 examination.

Renal data analyses paralleled the Baseline analysis except for deleting
one of the dependent variables and a composite analysis, adding the covariate
of race, and defining the covariate of diabetic class as diabetic, impaired,
or normal. No clinical exclusion categories applied to the renal analysis.
Minor numerical differences in the tables are due to rare missing dependent
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variable or covariate data. Adjusted statistical analyses using the above
covariates were based on 1,016 Ranch Hands and 1,293 Comparisons and used
logistic regression and analysis of covariance methods. When age was used as
a covariate in the logistic regression models, the continuous form was used
mathematically, but for summary table purposes, age is displayed as a
dichotomy. Parallel analysks using the Original Comparisons can be found in
Appendix G (see Tables 0-3 t;rough 0-5). Tests of association between
dependent ,ariables and covL.:!:.tes emphasized Fisher's exact test and
PeRrson's chi-squate best for discrete dependent variables and t-tests and
analysis .f variance techniques for continuous dependent variables.

RESULTS AhO DISCUSSION

Questionnaire Data

History of renal disease w assessed by a self-administered review-of-
systems question list at the •-. al examination. Specific structured
questions on renal disease were nn incorporaced in the NORC questionnaire.
The reviev-of-sy.tems questions, i.e., "kidney troublA?" "kidney stones?" were
open-ended with respect to time, and reilected conditions that arose at any
timc in the past.

These questionraire data did not show a sir-ificant difference between
the Ranch Hand and Comparison groups, as reflecLvd by the Fnalysis in
Table 17-i.

Tests of association 6,tween the historical presence of kidney disease in
both groups and the covariates of race, occupation., diabetes, and age are
given in Table 17-2.

TABLE 17-1.

Unadjusted Analysis of History of
Kidney Disease/Kidney Stonces by Group

History of Kidney Disease/Stones

Yes No
Est. Relative

Group Number Pe::enc Number Percent Total Risk (95% C.I.) p-Value

Ranch Hand 94 9.3 920 90.7 1,014
0.93 (0.70,1.23) 0.619

Comparison 128 9.9 1,163 90.1 1,291
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TABLE 17-2.

Association Betveen Kidney Disease/Kidney Stones
and Age, Race, Occupation, and Diabetic Class in the

Combined Ranch Hand and Comparison Groups

History of Kidney Disease/Stones

Yes No

Covariate
Covariate Category Number Percent Number Percent Total p-Value

Age Born Ž1942 66 6.9 894 93.1 960 <0.001a

Born <1942 156 11.6 1,189 88.4 1,345

Race Nonblack 214 9.9 1,949 90.1 2,163 0.106a

Black 8 5.6 134 94.4 142

Occupation Officer 83 9.6 781 90.4 864
Enlisted b

Flyer 36 9.3 350 90.7 386 0.969
Enlisted

Groundcrew 103 9.8 952 90.2 1,055

Diabetic* Diabetic 14 8.0 161 92.0 175
Class Impaired 41 14.5 242 85.5 283 0.011

Normal 166 9.0 1,677 91.0 1,843

"hFisher's exact test.

bPearson's chi-square test.

*Unable to classify four participants, due to missing 2-hour postprandial
glucose level and no historical evidence of diabetes.

These results shoved that there was no significant effect due to race or
occupation. In contrast, there was a significant effect due to diabetic class
(p.0.Ol1), with participants in the impaired diabetic class having a sig-
nificantly higher proportion of past kidney disease than those in the normal
or diabetic classes. Older participants also had a significantly higher
histo~ry of past renal events than younger participants (p<O.005.

A logistic regression analysis of the history of kidney disease and
kidney'stones using the above four covariates gave a result very similar to
the unadjusted analysis (Adj. RR: 0.95, 95% C.I.: [0.71,1.251, p-0.693).
Race and occupation were not significant covariates. However, diabetic class
and age were significant covariates (p.0.041 and p<0.001, respectively).

These analyses showed that there was no difference in the history of
renal disease between the Ranch Hand and Comparison groups, and that the I
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proportions of past kidney disease and kidney stones were significantly
influenced by age and (iabetic class. While these findings are consistent
with traditional expectations in renal disease, they were in direct contrast
to the findings of the 1982 Baseline exaLination, which revealed a significant
excess of historical kidney disease in the Ranch Hand group, and group data
that were not influenced by age or glucose level&.

It is concluded that there were no signiflcant group differences in past
renal disease.

Phygsical Exasination Data

No physical examination procedures were used to evaluate the renal system
as most procedures are invasive and beyond the scope of this voluntary
examination. Accord. ngly, the renal system vas evaluated primarily by
laboratory data.

Laboratory Data

Five renal variables were quantitated by general laboratory procedures to
assess nonspecific renal system function. The presence or absence of urine
protein was determined by standard reagent strip testing. Hematuria and
leukocyturia were measured by high-povec microscopic examination after
centrifugation for 5 minutes. Urine specific gravities were raeasured by Ames'
Multisticks; those urines exceeding normal limits were remeasured by
standardized refrac, ometers. BUN levels were assayed by a DuPont Automated
Chemical Analyzer, model 500. The SCRF laboratory normal values from these
varicbles are given in Table 17-3.

TABLE 17-3.

Laboratory Norms for Five Renal Variables

Renal Variable Normal Abnormal

Urine Protein Absent Present
Occult Blood Absent >1 RBC/HPF
VBC/HPF <2 >2
BUN (mg/dl) 7-22 >23
Specific Gravity 1.005-1.03 <1.004

In this section, urinary protein, hematuria, and letkocyturia were
analyzed as discrete variables, whereas BUN and urine specific gravity were
analyzed as continuous variables. The number and percant of subjects with
abnormal values for the discrete variables are displayed in the sunmary
Table 17-4, along with the number of participants, the unadjusted means, and
standard errors of the continuous variables.
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TABLE 17-4.

Su=mary of Renal Laboratory Variables by Group

(;roup 2

Ranch Hand Comparison

Number Percent Number Percent Unadjusted
Renal Variable Abnormal Abnormal Abnormal Abnormal p-Value

Urine Protein 37 3.6 40 3.1 0.485
Occult Blood 182 17.9 208 16.1 0.239
VBC/HPF 102 10.0 107 8.3 0.145

Unadjusted Unadjusted
Mean Standard Me•.n Standard Unadjusted

Renal Variable (Sample Size) Error (Sample Size) Error p-Value

BUN (mg/dl) 14.21* (1,016) -- 14.30* (1,293) -- 0.554
Speciiic Gravity 1.0157 (1,016) 0.0002 1.0152 (1,492) 0.0002 0.082

*Arithmetic mean calculated on square root scale and transformed to original
units.

-- Standard error not given, since analysis performed on square root scale.

The following statistical power statements apply to several variables
displayed in Table 17-4. At a standard a -level of 0.05 and a power of
0.80, the sample sizes were sufficient to detect a 1.28-fold increase it the
frequency of percent abnormal values for urinary occult blood, and a 1.43-fold
increase in the percentage of leukocyturia, both over that observed in thi
Comparison group. Further, the sample sizes were adequate to reveal a
2.9 percent mean shift in the BUN value relative to the mean observed in the
Comparison group.

Urinary Protein

As displayed in Table 17-4, the Ranch Hand group had a prevalence rate of
urinary protein of 3.6 percent versus 3.1 percent In the Comparison group
(Est. RR: 1.18, 95Z C.I.: [0.75,1.861, p=0.485). This difference was not
significant.

Tests of association were conducted with pooled participant data using
the covariates of race, occupation, diabetic class, and age. These tests are
presented in Table 17-5.
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TABLU 17-5.

Amrsociation Ie1sven Urinary Protein and Age, tace,
Occupation, and DiabetVc Clams in the

Combined Ranch Hand and Cowar lson Groups

Presence of Urinary Protein

Yes No

Covariate
Covariate Catigory NuAber Percent Number Percent Total p-Value

Age Born A_942 34 3.5 927 96.5 961 0.641a
Born <1942 43 3.2 1,304 96.8 1,347

Race Nonblack 65 3.0 2,100 97.0 2,165 0.0021
Black 12 8.4 131 91.6 143

Occupation Offic,,r 18 2.1 845 97.9 863
Enlisted

Flyer 11 2.8 376 97.2 387 0.010
Enlisted

Groundcrev 48 4.5 1,010 95.5 1,058

Diabetic* Diabetic 20 11.4 155 88.6 175 b

Class Impaired 18 6.4 264 93.6 282 <0.001.
Normal 39 2.1 1 308 97.9 1,847

"aFisher's exact test.

bPearson's chi-square test.

*Unable to classify four participants, due to missing 2-hour postprandial
glucose level and no historical evidence of diabetes.

Tnese results suggested no age effect, but significant afsociation* for
the covariates of race (p.0.002), occupation (p.0.010), and diabettic class
(p<0.O01) were noted. The significant covariate effects were attributable to
higher percentages of urinary protein abnormalities in Blacks versus non-
blacks, enlisted groundcrav versus officers or enlisted flyers, and diabetes
(past history [unverified] or greater than or equal to 200 mg/dl glucose)
versus impaired glucose tolerance (at least 140 but less than 200 .g/dl
glucose) versus normal glucose tolerance (less tham 140 mg/dl glucose).

The prevalence rates of urinary protein abnormalities were adjusted by
logistic regression models using the above four covariates. Race and occu-
pation demonstrated significant effects (p.0.023 and p-0.023, rfspectively),
while age did not (p=0.294). Because of a significant interaction betveen
group and diabetic class (p-0.0 4 7), stratified analyses were conducted to
provide iurther clarification. The results are shown In Table 17-6.
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The adjusted relative risk, 95 percent confidence interval, and group
p-value for each diabetic class are shown in Table 17-7.

TABLE 17-6.

Frequency of Urinary Protein by Diabetic Class and Group

Presence of Urinary Protein

Yea No

Diabetic Class Group Number Percent Number Percent Total

Diabetic Ranch Hand 7 9.0 71 91.0 78
Comparison 13 13.4 84 86.6 97

Impaired Ranch Hand 5 4.7 101 95.3 106
Comparison 13 7.4 163 92.6 176

Normal Raa.h Hand 25 3.0 807 97.0 831
Comparison 14 1.4 1,001 98.6 l,0i.5

TANLS 17-7.

Adjusted Relative Rtisks for Urtitry *erotein
by Diabetic C(las

Adjusted
Diabetic Class Relative Risk 95% C.I. p-Value

Diabetic 0.66 (0.-5, 1.77) 0.414
Impaired 0.66 (0.23, 1.93) 0.453
Norma] 2.23 (1.15, 4.32) 0.018

This analysis shoved that the estimated prevalence of urinary protein is
lover in the Ranch Hand group than in the Comparison group for the diabetic
and glucose-impaired @trata. Conversely, for the normal diabetic class, the
Ranch Hand group manifested a significant increased prevalence of positive
urinary protein as contrasted vith the Comparison group.

These follovup examination results vere different from the 1982 Baseline
examination, vhich shoved significantly more proteinuria in the Comparison
group. The prevalence of proteinuria in the followup examination vas about
75 percent higher than the prevalence observed in the Baseline study. The
interaction of group and diabetic class suggested Ranch Hand increases in
proteinuria for normal glucose tolerance participants.

1
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Urinary Occult Blood

Hemawuria vas determined by microscopic examination. For both groups
combined, the frequency distribution of RBC count data vast 0 RBC/HPF, 82.15
percent; 1-2 RBC/HPF, 15.13 percent; 3-5 RBC/HPF, 2.03 percent; and greater
than S RBC/HPF, 0.69 percent.

As noted in Table 17-4, the prevalence of urinary occult blood in the
Ranch Hand group (17.9%) vas slightly higher than the rate observed for the
Comparison group (16.1%). The unadjusted analysis shoved no significant
group differences for occult blood (Est. BR: 1.14, 95Z C.I.: [0.91,1.42),
p-0.239).

Tests of association vith the covariates of race, occupation, diabetic
class, and age vere conducted using combined group data for urinary occult
blood, and these results are given in Table 17-8.

TABLZ 17-8.

Association betveen Urinary Occult Blood and Age, Race,
Occupation, and Diabetic Clas in the Combined Ranch Hand

and Canpar taon Groups

Presence of Urinary Occult Blood

Yes No

Covariate
Covariate Category Number Peccent Number Percent Total p-Value

Age Born ý1942 148 15.4 812 84.6 960 0.115a
Born <1942 242 18.0 1,105 82.0 1,347

Race Nonblack 355 16.4 1,809 83.6 2,164 0.016a
Black 35 24.5 108 75.5 143

Occupation Officer 118 13.7 745 86.3 863
Enlisted

Flyer 76 19.6 311 80.4 387 0.005
F.nlisted

Groundcrev 196 18.5 861 81.5 1,057

Diabetic Diabetic 33 18.9 142 81.1 175
Class* Impaired 52 18.5 229 81.5 281 0.296

N~ormal 305 16.5 1,542 83.5 1,847

"Fisher's exact test.

bPearson's chi-square test.

*Unable to classify four participants, due to ml.ising 2-hour postprandial
glucose level and no historical evidence of diabetes.
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I
As reflected in Table 17-8, there was no significant effect due to

diabetic class or age. However, Blacks had a significantly higher prevalence
of urinary occult blood than nonblacks (p.0.016), and significant effects
were also due to occupation (p0.005), with officers having lover propor-
tion of positive occult blood determinatiors than enlisted personnel.

An adjusted analysis of urinary occult blood proportions was conducted
by logistic regression techniques. Multiple significant three-factor
interactions were noted, e.g., group-by-occupation-by-race (p.0.008), group-
by-age-by-diabetic class (p.0.045), and group-by-occupation-by-diabetic class
(p.0.017). Consequently, a series of analyses stratified by race were
performed to determine adjusted relative risks for nonblacks and Blacks
separataly. The adjusted re3ults for nonblack participants are given in
Table 17-9.

TABLE 17-9.

Adjusted Analysis for Urinaty Occult Blood for Nonblacks by Group

-.resen'e of Urinary Occult Blood

Tes No
Summary

Group Number Percent Number Percent Total Statistics

Ranch Hand 166 17.4 789 82.6 955 Adj. RR: 1.13
Comparison 189 15.6 1,020 84.4 1,209 95% C.I.:

(0.91,1.42),
p-Value: 0.291

The covariates of occupation and age contributed significant effects
(p<O.001 and p-O.00 2 , respectively) to this analysis. Diabetic class was not
significant (p.0.863), and was consequently not included in the finai model.
No significant group differences were found (p.0.291).

Table 17-10 shovs the frequencitr for Black participants.

The adjusted analysis of the data on Blacks shoved a significant inter-
action of group and occupation (p.O.00). Table 17-11 presents frequencies
and percents for the presence of urinary occult blood for each group,
stratified by occuoation.

This table demonstrates that the group-by-occupation interaction for
Blacks was due to the Ranch Hand officers having a lesser prevalence of
occult blood abnormalities than Couparison officers, while conversely, Ranch
Hand enlisted personnel shoved a higher -revalence of abnormalities than
enlisted Comparisons. Because of the absence of hematuria in Black Ranch
Hand officers, no relative risk was calculated. Consequently, the Black
enlisted oceupational categories were combined and investigated further
through logistic regression techniques. This analysis did not show a
difference of urinary occult blood percentages in the Ranch Hand Black
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TABLE 17-10.

Frequency of Urinary Occult Blood for Blacks by Group

Presence of Urinary Occult Blood

Tes No

Group Number Percent Number Percent Total

Ranch Hand 16 26.7 44 73.3 60
Comparison 19 22.9 64 77.1 83

TAMLE 17-1i.

Frequency of Urinary Occult Blood for
31acke by Occupation and Group

Presence of Urinary Occult Blood

Yes No

Occupation Group Number Percent Number Percent Total

Officer Ranch Hand 0 0.0 7 100.0 7
Comparizon 3 42.9 4 57.1 7

Enlisted
Flyer Ranch Hand 3 30.0 7 70.0 10

Comparison 1 5.9 16 94.1 17

Enlisted
Groundcrev R•an Hand 13 30.2 30 69.8 43

Comparison 15 25.4 44 74.6 59

enlisted and the Comparison Black enlisted strata (Est. RR: 1.62, 95X C.I.:
(C.73,3.631, (p.0.239). The effects of age (p-0.817), occupation (p0-.171),
and diabetic class (p,,O.145) vere not statistically significant, and vere not
included in the final adjusted analysis.

In conclusion, both unadjusted and adjusted stratified analyses (by
race) did not reveal a consistent and plausible excess of hemturia in the
Ranch Hand group. The tenfold or greater increase in the cross-sectional
prevalence of hematuria compared to the Baseline examination (1.3Z of both
grovpv' to this follovup examination may be due to a different sensitivity of
the laboratory techniques of reagent-strip testing versus microscopic
observation. Nonetheless, an approximate prevalence of 17 percent hematuria
merits reevaluation at the next follovup examination.
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U'rinary White Blood Cell Count.

Leukocyturia was aasessed by microscopic examinatica. As noted in
Table 17-3, more than two vhite blood cells per high-pover fie14 (UIC/HPF)
were considered abnormal by the SCRF laboratory. This is in distinct
contrast to the cutpoint of five vBC/RPFr used at the Baseline exarination.

Table 17-4 shows the -roup frequencies of abnormal urine VBC's. The
unadjusted analysis revealed a nonsignificant group effect (gat. RR: 1.24,
95Z C.I.: [0.93,1.641, p-0.145).

Tests of association were conducted between the friquency of abnormal
UBC counts in both groups and the covariates of race, occ.upation, diabetic
class, and age. The results revealed a sIgnificantly higher prevalence of
abnormal counts for Blacks than nonblacks (p<0.001), an effect due to
occupation (p=0.23), with a lover prevalence of abnormalities for officers
than enlisted personnel and an effect due to diabetic class (p-0.046), with a
lover prevalence of abnormal UBC counts in the normal diabetic class than in
either the impalred or diabetic classifications. Age was noncontributory
(p.0.308).

Ad'usted analyses of leukocyturia by ,rroup were performed by logistic
regression techniques. A significant three-way interaction for group, age,
and race was detected (p.0o004), requiring further stratified analyses. A
summary of the 1requencies Lor noablack2 is presented in Table 17-12.

TABLE 17-12.

Frequency of Urinary VSCM'1
for Nmblacks by Group

Urinary SC/HP!

Abnormal Normal

Group Number Percent Number Percent Total

Ranch Hand 92 0.6 864 90.4 956
Cuavarison 88 7.3 1 12i 92.7 1,209

Tie logistic regression adjustment of the data for nonblccks shoved
sigtifcaut -.ovariate ef'ects Yor occupatiton (p-O 046) and diabetic class
(p.O.0-0)3 and a si-nf'cant interaction betvwen group and age (p.0.018).
Conseq;ir'e".y, addidiunal analyses vere conducted stratifying ry age (born in
or after 1942, crn before 1942), and are shown in Table 17-13

4
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TABLZ 17-13.

Adjusted Analytes for Urinary wC/?rp for Nonblacks
by Age Category and G-oup

Urinary VBC/HPp

Abnormal Normal

Summary
Age Group Number Percent Number Percent Total Statistics

Born Z1942 Ranch Hand 41 10.8 339 89.2 380 Adj. RR: 2.42
Comparison 24 4.8 478 95.2 502 95Z C.I.: (1.43,4.09)

p-Value: 0.001

Born <1942 Ranch Hand 51 8.9 525 91.1 576 Adj. Ri: 0.99
Comparison 64 9.1 643 90.9 707 952 C.I.: (0.67,1.46)

p-Value: 0.956

As depicted by the abow table, the adjusted rate of nontlack young
* Ranch Hands with abnormal urinary white blood cell counts wa" significantly

greater than that for nonblack Comparisons (p-O.001 adjusted for occupation
and diabetic class). Demonstrating the interaction involving age and group,
the adjusted rate of nonblack older Ranch Hands with abnormal urinary VWC
counts yan nonsignificant and less than older nonblack Comparisons (p-0.956
adjusted for occupation and diabetic class).

Similar analyses were conducted for Black participants. Rates of abnor-
mal urinary vhite blood cell count levels were 16.7 percent and 22.9 percent
(n-60 and 83) for Black Ranch Hands and Black Comparisons, respectively.
Significant interactions involving group and occupation (p.0.002) and group
and age (p.0.001) were found. Additional analyses stratified by occupation
were performed. Frequencies stratified by occupation are shown in
Table 17-14.

ThIs table clearly shows how the proportions of VBC abnormalities vary
by group within the various occupational categories. However, because of the
lack of abnormalities in the Black Ranch Hand officer scretum, an adjusted
relative risk was not calculated for this occupation. Thus, Black enlisted
categoci*s were combined and subjected to further logistic regression
techniques. The analysis showed yet another interaction, between group and
age (p.0.026), requiring an additional stratification by age. Results of
these analyses are presented in Table 11-15.
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TA•IJ 17-14.

Frequency of Urinary VW for Blacks
by Occupational Category and Group

Urinary VBC/HPF Count

Abnormal Normal

Occupation Croup Number Percent Number Percent Total

Officer Rrnch Hand 0 0.0 7 100.0 7
Comparison 2 28.6 5 71.4 7

Enlisted Ranch Hand 3 30.0 7 70.0 10
Flyer Comparison 3 17.6 14 82.4 17

Unlisted Ranch Band 7 16.3 36 83.7 43
Groundcrev Comparison 14 23.7 45 76.3 59

TAILt 17-15.

Adjusted Analyses for Urinary VBC/I!PF for Black
Unlisted Flyers and Grouadcrev by Age and Group

Urinary IBC/1PF Count

Abnormal Normal
Summary

Age Group Number Percent tMmber Percent Total Statistics

Born Ž1942 Ranch Hand 4 13.8 25 86.2 29 Adj. RR: 0.41
Comparison 13 28.3 33 71.7 46 95Z C.I.: (0.12,1.40)

p-Value: 0.153

Born <1942 Ranch Hand 6 25.0 18 75.0 24 Adj. RR: 2.17
Comparison 4 13.3 26 86.7 30 95X C.I.: (0.53,8.79)

p-Value: 0.279

I1
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In the presence of relatively small sample sizes, these results
demonstrated that the prevalence of abnormal urinary white tell counts in
Black enlistud personnel did not vary significantly by group for either age
category, although the reversal of group proportions for different ages was
prominent and fully reflective of the group-by-age interaction. It is noted
that the Black group-by-age interaction is opposite the nonblack group-by-age
interaction (see Table 17-13), explaining the significant three-way
interaction involving group, age, and race.

In summary, the unadjusted analysis of urinary B../HPF abnormalities
shoved no group differences, but the.adjusted analyses showed significant
effects for diabetic class and occupation for nonblack cnlisted participants,
and a groqp-hy-age interaction for both Black and nonblack enlisted partici-
pants. On]", for younger nonblack participants was a significant group effect
seen (Ranch ffandspComparisons).

The observations from this examination were consistent with the negative
Baseline fr.ndings.

Blood Urea Nitrogen (ESM)

BUN was analyzed as a continuous variable using two sample t-tests,
analysis of variance, and analysis of covariance techniques. The data were
transformed to the square root scale for analysis. Adjusted analyses used
the covariates of race, occupation, diabetic class, and age, as in analysis
of discrete dependent variables.

As noted in Table 17-4, unadjusted group summary statistics revealed no
significant differences in mean BUN levels (p.0. 5 5 4). The groups vore
combined and contrasted to the covariates, and results a.e ,r~santed below.

These tests of covariate association shoved a significant racial effect
(p.0.007), with a higher mean BUN level for nonblacks than Blacks; a
significant effect for occupation (p<0.O01), with officers having a higher
mean level than both enlisted categories; a significant age effect .p<O.O01),
with a higher mean BUN level for older than for younger participants; and a
marginally significant (p-0.059) difference due to diabetic class, vwch
participants in the impaired category having the higheso mean BUN level.

An analysis of covariance using the above four covariatas demonstrated
the significant effects of age (p<0.001), occupation (p-O.015), and
significant group-by-race (p.0.0 2 2 ) and race-by-diabetic class (pO.024)
interactions.

Table 17-16 presents mean BUN values, adjusted by the covariates and
covariate interactions, stratified by race. Test results for the equality of
adjusted means between groups are given in the p-value column.

As noted from this table, Black Comparisons had a significantly higher
adjusted mean BUN level than Black Ranch Hands (p.0.017), and there was no
group difference for nonblacks.

These results were analogous to the findings at the Baseline examination
(although race was not used as a covsriate), i.e., no detriment to the Ranch
Hand group and a significant covariate effect of age.
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TABLE 17-16.

Adjusted Analysis of BUN by Race and Group

Adjusted
Race Group Total Mean* p-Value

Nonblack Ranch Hand 956 14.15 0.907
Comparison 1,206 14.17

Black Ranch Hand 60 12.40 0.017
Comparison 83 13.75

*Converted from square root scale.

Urinary Specific Gravity

The unadjusted means of the urine specific gravity disclosed a
marginally significant difference between the Ranch Hand and Comparison
groups (p.0.082). The summary statistics of the unadjusted analysis are
given in Table 17-4.

By t-tests and analysis of variance, tests of association were performed
(,r the comoined groups using the covariates of race, cccupation, diabetic
zJass, and age. These t.:sts shoved a significant effect of occupitlon
(p<0.0O1), vith officcr5 having the lowest mean urine specific gravity and
the -listed grounderev nitegory having the highest, and a significant effect
(p.0.018) due to diabetic ciasý', vith the diabetic category having the
highest spe~ific gravity ane the normal (nondiabe.ic) class having the lowest
mean value. The effects of 3ge i race were not statistically significant
(p-0.382 ant .- 0.065, respoctive,: .

An analysis of •,varianca with these four covariates shoved significant
effects due to diabe..c class (p-0.019), and significant group-by-race
(p-0.017) and group--by-,)ccupatron (p.0.034) interactions. Adjusted group
mean specific gravities were "tratified by race and by occupation. The
results ari presented in the suummary Table 17-17.

These stratrifid group data shoved a difference for nonblack enlisted
groundcrev, but Comparisons had a lover adjusted mean urine specific gravity
level than Ranch Hands (low specific gravity representing renal dysfunction).

No:evorthy is the contrest ot results between this follovup examination
an,4 the Baseline examination in 1982. The urine specific gravities of the
follovwp examination appeared to be very substantially lover than those of
the Baseline. A probable expl'nation was the difference in methods of
asses-'-ij specific gravity, .,t the Baseline, the Ames' Clinilab automated
procedu.• (falling drop) was used, as contrasted to the Ames' Multistick
procedure at the followup. BeLt- cAaminations used specimens oba'.ned early
or the second ev! 2iriation day, snd did not use aliquots of 12- or 24-hour
urine collections that were used for the porphyrin analyses. Although the
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TABLE 17-17.

Adjusted Analysis of Urine Specific Gravity
by Race, Occupation, and Group

Adjusted
Race Occupation Group Total Mean p-Value

Nonblack Officer Ranch Hand 373 1.0153 0.734
Comparison 474 1.0151

Enlisted Ranch Hand 167 1.0158 0.631
Flyer Comparison 193 1.0161

Enlisted Ranch Hand 416 1.0174 <0.001
Grouradcrew Comparison 538 1.0157

Black Officer Ranch Hand 7 1.0158 0.462
Comparison 7 1.0186

Enlisted Ranch H3nd 10 1.0144 0.624
Flyer Comparison 17 1.0158

Enlisted Ranch Hand 43 1.,.162 0.157
Groundcrev Comparison 59 1.0183

covariate effect of age upon specific gravity wa not tserved at the
follovup as it had been at the Baseline, both examinations demonstrated the
marked effect of diabetes upon specific gravity, i.e., a I .gher specific

gravity was detected in diabetics than in nondi'.-tics.

EXSURE INDDX •;ALYSRS

Exposure index analyses were conducted within each otcupational cohort
of the Ranch Hand group to search for dose-response relationships (see
Chapter 8 for details on the exposure index). The variables of kidney
disease, urinai.y pciteln, urinary occult blood, and urinary white blcod cell
count were investigated (unadjusted for any covariates) using Pearson's
chi-square test and Fisher's exact test. Adjusted analyses were performed by
logistic regrassion for these variables, using age, race, diabetic class, and
any siginificant pairvise interactions between the exposure index and these
covariates. Overall significance in the proportion of abnormalities among
the exposure index Levels of low, medium, and high was determined, as well as
contrasts of the proportion of abnormalities betveen medium and low exposure
levels, and between the high and low exposu-e levels. Age was used as a
continuous variable ir. the adjusted analyses, and dichotomized (born in or
after 1942, born before 1942) when age was involved in an interaction with
the exposure index.
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Analyses of mean blood urea nitrogen and urine specific gravity
(continuous variables) were performed, unadjusted for any covariates or
interactions, using analysis of variance techniques and t-tests. Analysis of
covariance models were used in adjusted analyses. Contrasts of medium versus
low exposure and high ver.st low exposure were also studied. A square root
transformation was applieu Z3 the blood urea nitrogen data.

Results of the adjusted analyses for these six variables are presented
in Tables 17-18 and 17-19, and counterpart results for unadjusted analyses
are presented in Table 0-1 of Appendix 0. Results trom further investigation
of exposure index-by-covariate interactions are given in Table 0-2 of
Appendix 0.

Unadjusted analyses revealed no significant differences among exposure
index levels for any occupation. Further investigation of these variables,
for which the medium versus low and the high versus low contrasts were also
examined, revealed only two variables having borderline 3ignificance: kidney
disease in enlisted flyers, high versus low (Est. RR: 0.25, 95X C.I.:
[0.05,1.261, p-O.091), and urinary occult blood in enlisted groundcrew, high
versus low (Est. RR: 1.77, 95X C.I.: [1.00,3.13], p-O.061). The results for
urinary occult blood in enlisted groundcrew supported an increase in the
proportion of abnormalities from low to high exposure, whereas the kidney
disease data shoved the opposite effect.

The frequency of abnormalities (or mean levels closer to thi abnormal
range for continuous variables) for the different exposure index levels
exhibited no graduated pattern across exposure levels. The number of
combinations fcr which the medium exposure level had the smallest proportion
of abnormalities (or more abnormal mean level) was greater than the other

exposure levels.

Adjusted analyses revealed no significant differences among exposure
index "levels for any occupational stratum. Interactions were pxesent for
four of the six variables, however, and were observed in all occupations.
A summary of these interactions is presented in Table 17-20.

No interaction patterns in either the covariates or occupations were
observed. The only contrast observed approaching significance for an adverse
effect at higher exposure levels was observed for urinary protein (officers
in normal diabetic class, high versus low, p-0.097), but this contrast was
highly affected by sparse cell sizes (see Table 0-2 of Appendix 0).

In summary, six renal variables showed no evidence of au increasihg
dose-response relationship at the followup examination. No patterns in the
relationship of prevalence rates among the exposure index levels were seen
within occupational strata. The exposure index level patterns observed at
the Baseline examination for kidney disease in the enlisted flyer stratum
were not seen at the first followup examination. Overall, both the Baseline
Lad followup examinations showed very little evidence of a dose-response
re-lationship.
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TABLJ 17-20.

Summary of tzposur. Index-by-Covariate
Interactions for Renal Variables

Variable Occupation Covariate p-Valua

Urinary Protein Officer Diabetic Class 0.004
Urinary Protein Enlisted Groundcrev I.tca 0.023
Urinary Occult Slood Enlisted Groundcrev Afre 0.032
Urinary White Blood

Cell Count Enlisted Flyer Age 0.015
Urinary White Blood

Cell Count Enlisted Flyer Diahbetic Class 0.029
Blood Urea Nitrogen Officer Race 0.009

LONGITUDIAL ANLYSES

One variable, the BUN level, vas used to assess longitudinal iifferences
betveen the 1982 Baseline examination and the 1985 follovup examination.
This variable vas selected from the five renal assays because it vas judged
that serial BUN levels vould be more indicative of long-zera renal health
than the others; further, both examination measurements vere made by the sam
high-precision automated analyzer, permitting a more valid comparison. Other
commentary, contrasting general results of the other four renal variables to
the Baseline, has been made !or each variable above.

BUN vas analyzed as a continuous variable by repeated measurements
analysis of variance (see Chapter 7, Statistical Nethods). A square root
transformation was used. The data were not adjusted by covartates. The
sample base for this analysis vas the number of participants who attended
both examinationis; the results are given in Table 17-21.

These data indicated a slight and relatively symmetrical increase in the
BLN level in both groups. Based upon longitudinal analyses of BUN, there tas
no evidence to assert a detriment in the renal health of the Ranch Hand
group.

SUNNARY AND CONCISIONS

A summary of all renal variables, including unadjusted and adjusted
analyses, is displayed in Table 17-22.

0
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TABLZ 17-21.

Longitudinal Analysis of BUN: A Contrast of
Baseline and First IPollvup Examination Laboratory Means

p-Value
BUN Means (Equality

of
Group 1982 Baseline 1985 Follovup Total Difference)

Ranch Band 13.72 14.21 971 0.48
Comparison 13.93. 14.30 1,139

TAMAZ 17-22.

Overall SumMOry Results of Unadjusted and
Adjusted Analyses for Renal Variables

Variable Unadjusted kdjusted

Reported Kidney Disease NS NS

Urinary Protein NS

Urinary Occult. Blood NS

Urinary Leukocytosis HS

BUN NS

Urine Specific Gravity NS*

NS: Not significant (p>0.1O).

NS*: Borderline significant (O.C0<pJ0.10).

****Group-by-covariatit interaction.

1
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A historical assessment of kidney disease/kidney stones by a reviev-of-
systems questionnaire shoved no significant differences between the Ranch
Hand and Comparison groups. An adjusted analysis did not alter this
conclusion as an adjusted relative risk of 0.95 (95X C.I.: [0.71,1.251,
p=0.693) was demonstrated. These statistics appeared to be in marked
contrast to the Baseline historical findings. Differences vis-a-vis the
Baseline were most likely due to a difference in questionnaire techniques.

Current renal function vas evaluated by five laboratory variables:
urine protein, occult blood, ',rine, white blood cell counts (WEC's), blood
urea nitrogen (BUN), and urint specific gravity. Invasive procedures were
not used.

The unadjusted analysis of proteinuria shoved no group differences (Est.
RR: 1.18, 95X C.I.4 [0.75,1.861, p-0.485), but the adjusted analysis showed
an interaction of group and diabetic class; appropriate stratified analyses
revealed that the prevalence of proteinuria was lover in the Ranch Hands than
in the Comparisons in the diabetic and impaired strata, but higher in the
normal strata for the Ranch Hands. These results were in contrast to the
Baseline findings, which shoved a marginally significant proteinuris in the
Comparison group (p.0.055), and overall, lover prevalence rates of
proteinuria.

The unadjusted prevalence rates for hematuria were similar for both
groups (Est. RR: 1.14, 95X C.I.: [0.91,1.42]i p-0. 23 9 ). Three significant
interactions involving group membership and covariates precluded a direct
adjusted comparison of the estimated prevalence rates. Covartate analyres
indicated increased hematuria in Blacks and among enlisted personnel.
Ultimately via a series of stratified analyses, statistical equivalence was
determined for the Black enlisted strata of both groups. Of particular note
was the approximate tenfold increase in hematuria in both groups over that
observed at'Baseline, a finding most likely due to different laboratory
techniques (reagent-strip testing versus microscopic observation).

Similar results were found for leukocyturia, i.e., a nonsignificant
unadjusted analysis (Est. MR: 1.24, 95X C.I.: [0.93,1.641, p-0.145), and a
significant three-way interaction (group, age, race) in the adjusted
analysis. Significant covariate effects were noted for diabetic class and
occupation for nonblack participants, whereas age was a signiftcant adjusting
variable for Blacks. A significant group difference ý,as found only for the
younger, nonblack Ranch Hands. The overall resu'ts were consistent with the
Baseline findings.

BUN levels did not vary significantly by group (p.0.554, unadjusted).
Adjusted analyses shoved significant covariate effects for age and occupation
and interactions for group and race and for race and diabetic class. An
analysis stratified by race revealed no significant group differences for
nonblacks, but a significantly higher adjusted mean BUN level in Black
Comparisons than in Black Ranch Hands. Overall, the BUN results were similar
to those observed at the Baseline examination.

Urine specific gravity levels manifested marginally significant group
differences (p.0.082,.unadjusted). The adjusted anal.ysis disclosed signifi-
cant covariate effects of diabe.tic class and the interactions of group and
race and group and occupation. Analyses by race shoved no strata with
significantly lover mean levels for Ranch Hands. In contrast to the Baseline
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values, the follovup urine specific gravities were lover, a finding most

likely attributable to differences in laboratory methodology (falling drop

method versus multistick procedure).

Exposure index analyses shoved very little evidence of a dose-response

relationship at the follovup examination. No patterns in the relationship of

prevulence rates or mean levels among the exposure index levels were seen

within occupational strata.

The longitudinal analysis was based solely upon a contrast of BUN levels

between the two examinations. The unadjusted mean BUN value increased

slightly from the Baseline to the follovup examination, but the increases

were symmetrical in the two groups and nonsignificant (p=O.48).

In conclusion, none of the six renal assessment variables showed a

significant difference between the Ranch Band and Comparison groups by

unadjusted tests. However, in the adjusted analyses, all renal measurements

except reported kidney disease revealed group-by-covariate intezactions.

These interactions were often complex, making it impossible to reach a firm

conclusion as to the presence of an herbicide effect.

4
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The human endocrine system is generally not thought to be influenced by
chlorophenol or TCDD exposure. This is not so in animals, however. A wide
range of endocrine abnormalities in many animal sp~cir-s has been induMe•
experimentally by TCDD, and Includes hypoglycemia, hypothyroxinemia,
reduced progesterone levels, and increased testosterone levels, the latter
presumably reflecting decreased liver catabolism due to 4 parenchymal liver
damage or an inhibition of the cytochrome P-450 system. Further, thymic
atrophy, one of the most sensitive indicators of TCDO tgxicity, has been
shown not to be mediated by the pituitary-adrenal axis. Comparable animal
data for the isolated effects of 2,4-D and 2,4,5-T have been noticeably
meager.

Other animal studies have emphasized rhe endocrine system, and thyroid
function in particular, as important in causinf a ameliorating TCDD tox-
icity, and not simply as an endpoint response. ' Mounting experimental
evidence suggests that both natural and radiation-induced hypothyroidism
protect against TCDD lethality fn, that this favorable process can be quickly
reversed by treatments with T4 .

If the protective reaction of hypothyroidism in animals can be extrap-
olated to huuAns, it suggests that cases of hypothyroidism or altered pat-
terns of thyroid hormones may aggregate in groups of highly exposed workers
(particularly in those with chloracne) and/or, alternatively, that severe
sequelae of TCDD exposure may be associated with hyperthyroidism. In fact,
such thyroid findings have not been commonly reported in dioxin morbidity
studies. Occasional cases of hypothyroidism and thyromegaly have been linked
to exposures to polybrominated biphenyls and hexachlorobenxene, but the data
were too sparse and oblique t? 0 sIpport a causal relationship for hypo-
thyroidism and TCDD exposure. An assessment of the Times Beach,
Missouri, residents, whoue community was contaminated with TCDD, dif 2 not
reveal TSH or T4 differences between the high- and low-risk groups.

Temporary glycosuria and impaired glucose tol?.ajpe tests were noted in
two studies of industrial workers exposed to TCDD. However, neither
abnormal glucose metabolif 1ir frank diabetes was specifically noted in
other comparable studies. -

Overall, dioxin morbidity studies have not rigorously assessed the
clinical or biochemical parameters cf the endocrine system. A detailed
description of endocrine function following TCDD exposure was the 1984 AIHS
Baseline Morbidity Report, summarized below.
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Baseline Simnary Results

The 1982 Baseline examination did not explore historical endocrino-
logical disorders by questionnaire sufficiently to merit analysis. Hence, a
comprehensive biochemical assessment of the eadocrine system was used for
analysis.

Five *ei;ures of endocrine status were assessed, T. % Uptake, TO, free
thyroxine index (FTI), testosterone, and 2-hour postprandial glucose. Three
hormones, follicle stimulating hormone, leutinizing hormone, and cortisol,
and correlations of all hormones to variour fertility measurements remain for
future analysis.

Results shoved Lignificant group differences for T X Uptake, predomi-
nantly in Ranch Hands 40 years eld or les.j, and abnormally low T % Uptake
values, highest for those with high percont body fat. No group Aifference
was noted for elevated 2-hour postprandial glucose values, and as classically
expected, the prevalence of abnormal values was associated vith older ages
and higher percent body fat. Similarly, low testosterone levels were
identical in both groups and were as•-ociated with increasing age and
increasing percent body fat. Higher mean testosterone values (although still
within "normal range") were significantly more prevalent iri the Ranch Hand
group. Significant mean shifts veYre not noted for the T. Z Uptake, T , or
FTI variable, although the T3 Z Uptake was associated with a group-by-age
interaction.

The exposure index analyses were essentially negative for the T3 Z
11ptake and T variables. FTI, postprandial glucose, and restosterone analy-.
es were soared by a series of covariate interactions in varying occupational

categories. Of some note were the significant percent body fat-by-exposure
interactions in two occupational strata in the glucose determination.

In sumary, the endocrine system, as measured by five biochemical
assays, did not reveal clinically apparent abnormalities that could be
attributed to Herbicide Orange exposure. However, significant mean shifts in
several values (although still in normal range) presented trends that were
both consistent and conflicting vis-a-vis an herbicide etiology.

These data, coupled with the emerging animal literature on the profound
influence of the endocrine system on lethality and body fat metabolism
following TCDD txposure, clearly underscore the importance of evaluating the
endocrine system more comprehennively, as was done in the third-year follovup
study in 1985.

Parameters of the 1985 3ndocrine Asse3ament

The 1985 AFHS endocrine test battery was slightly altered from Baseline

and included T3 I Uptake, TSH, testosterone, 2-hour postprandial glucose, and
timed paired cortisols. The 100 gram glucose lord war standardized by a
Glucola' challenge (as contrasted to an estimated 100 gram carbohydrate
breakfast at Baseline) in preparation for a more definitive assessment of
diabetes. Specific questionnaire data on past diabetes and thyroid disease
were collected for assessment.

1
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Thus, the analyses of endocrine function were comparable to those
conducted on Baseline data. Additional refinements included adding diabetes

* (past and current) as a dependent variable, and the covariates race and
personality type, vheo appropriate. Continuous dependent variables were
dichotomized into normal/abnozmal categories when necessary using the SCRF
values of normal range. Numerous exclusion criteria, e.g., thyroidectomy,
orchiectomy, supplemental steroid medication, and diabetes, were used for
specific dependent variables. Variations in the numbers of observations in
the tables, therefore, reflect these exclusions in addition to rare missing
data from the dependent or adjusting variables. Comparable analyses using
the Original Comparisons are found in Tables P-4 to P-6 of Appendix P.
Log-linear models (BMDPO-4F), general linear models (SAS*-GLN), and logistic
regression models (BMDPO-LR) formed the core of the statistical approach.

RESULTS AND DISCUSSION

Questionnaire Data

General screening questions on thyroid function and disease were posed
to each participact. Two instruments were used: a self-administered
reviev-of-systems form containing five questions (e.g., goiter or thyroid
trouble, use of thyroid medication?) and the interval health questionnaire
with the single question, "thyroid problems?" administered by a trained
interviewer. These data are summarized in Table 18-1.

Table 18-1 shows that past and current thyroid problems vary according
to the interview technique; the group difference in the self-administered
questionnaire response vws not significant, but the group difference in the
interviewer-obtained response was borderline significant. The higher pro-
pottion of thyroid disease with the review-of-systems questionnaire was mose
likely due to the broader range of prompting questions or interpretation of
the questions by the study participant.

Since the interviewer-administered questionnaire contained medical
provider ipformation for each positive response, verification by medical
record review was possible. These data are summarized in Table 18-2 and
demonstrated equivalent verification findings in the Ranch Hand and Compar-
ison groups. Thus, the relative absence of reported thyroid disease in the
Ranch Hand group appears valid.

Physical Examination Data

Physical examination of the endocrine system was necessarily limited to
manual palpation of the thyroid gland and the testes. Thyroid abnormalities
consisted of an enlarged gland with or without nodules or tenderntii:s, while
abnorr 1 testes were noted for atrophied glands. The overall palpattion
resul are summarized in Table 18-3.

The physical examination data for thyroid abnormalities were clearly
suppotive of the findings of the questionnaire/review of systems analysis.
The proportion of testicular abnormalities (only atrophy represented in the
above analysis) was essentially equivalent in both groups.
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TAP•LE 18-2.

Medical Record Verification Results
of Reportoid Thyroid Disease by Group

Grou

Verification Status Ranch Hand -omparison

Number with Reported Thyroid Conditions 7 21

Nedical Records Reviewed 7 21

Medical Records Pending 0 0

Percent Thyroid Conditions Verified 100 100

TABLE 18-3.

Unadjusted Analysis for Thyroid and Testicular
Conditions by Group

Group

Ranch Hand Comparison
Est. Relative

Variable Statistic Number Percent Number Percent Risk (95% C.I.) p-Value

Thyroid" n 1,015 1,293
Abnormal 342 33.7 431 33.3 1.02 (0.85,1.21) 0.860
Normal 673 66.3 862 66.7

b
Testicular n 1,002 1,289

Abnormal 26 2.6 41 3.2 0.81 (0.49,1.34) 0.454
Normal 976 97.4 1,248 96.8

aThyroidectomies omitted; thyroid abnormal if palpably tender or enlarged, or
if nodules present.

bOrchiectomies omitted; testes abnormal if atrophied (compared to normal).
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Laboratory Test Data

General

The collection of relatively scant endocrinological data by qijestion-
naive and physical examination techniques was due to competing priorities of
the examinat:ion and to the primary reliance upon lab3ratory c:esting as
established by the 1982 Baseline examination. Yith research-grade laboratory
quality control and reasonably large sample sizes, it was judged that even
small mean shifts could be discerned in the test variables, In the presence
of corroborating data, these shifts may be ascribed to an herbicide effect
if, in fact, one exists.

The endocrinological assessment centered upon analygis of laboratory
data for T.3 X Uptake, TSH, testosterone, timed paired corlisol spe~cimesi3 (tne
latter three assays conducted by radioimmunoassay [RIAi), 2-hour postprandial
glucose, and a composite indicator of past and current diabetcs. Normal
values of thEcse measurements, as determined by the SCRF Laboratory, are
cat,!gorized in Table 18-4.

It is noted that some of these variables have associated "cutpoints"
that+ differ considerably from those used by the 1982 examining laboratory.
Based upon the SCRF laboratory norms, the endocrinological variablea dis-
tributed into normal and abnormal proportions as displayed in Table 18-5.
Unadjusted Ranch Hand and Comparison group means are also provided for quick
contrast.

TAILE 18-4.

Laboratwry Endocrinological Variables:
SCRF Norual and Abnormal RazgQs

Variable Abnormally Low Normal Abnormally High

TXZ Uptake <24% 24-32% >32%

TSH - <7.5 uU/ml >7.5 uU/ml

Testosterone <270 mg/dl 270-1,100 mg/dl >1,100 mg/dl

2-Hour Pos tprandial
Glucose <140 mg/dl >140-<200 mg/dl

(impaired)
ý200 mg/dl
(diabetic)

Cortisol <7 ug/dl 7-25 Ug/dl >25 ug/dl

1
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The folloving representative statistical. pover statements (for pover
0.8, 2-sided a w0.05) say be applied to parameters of several variables
listed in Table 18-5. The sample sizes vere sufficient to detect a 1.9-fold
increase in the frequency of percent abnormal high values for T, X Uptake and
a 2.5-fold increase in percvnt abnormal high values for testosterone, rela-
tive to that observed in the Comparison group. In addition, the sample sizes
were sufficient to detect a 2.7 percent mean shift in TSH and a 1.5 percent
mean shift in the first cortisol specimen, over those means observed in the
Comparison group.

Table 18-5 shovs remarkably comparable unadjusted group means and
distributional parameters for Ranch Hands and Comparisons in T, Z Uptake,
initial cortisol, and 2-hour cortisol. For TSH, testosterone, and 2-hour
postprandial glucose, hovever, there was disparity betveen the statistical
results of the means test and the distributional chi-square test, suggesting
that significant differences may exist betveen the Ranch Hand and Comparison
groups.

Since all endocrinological variables vere knovn to depend upon classical
covariates such as age and race, each variable vas reanalyzed by general
linear models (using transformations vhen necessary), logistic regression
analyses, or log-linear models adjusted for these covariates. The results of
these adjusted analyses are presented in a series of functional endocrine
groups bqlow. Table 18-6 presents complete details on the adjusted analyses
for all the endocrinological variables.

Thyroid Function: T3 Z Uptake and Thyroid Stimulating Hormone (TSH)

Assessment of both thyroid assays excluded all participants on thyroid
medication (as determined by both the self-administered questionnaire and the
structured NORC questionnaire) as vell a- participants vith partial or total
thyroidectomies. Thus, 13 Ranch Hands and 20 Comparisons were omitted from
the following analyses.

T1 2 Uptake

* ". T, Z Uptake categorical data, as summarized in Table 18-5, vere
reanalyzed controlling for the covariate effects of occupation, race, age,
and personality type. Group data were pooled to reveal the marginal effects
of the four covariates. These data are summarized in Table 18-7.

The analysis of these data shoved a significant effect of occupation
(p.0.024) on the percentage of participants with abnormal T3 Z Uptake
results. Specifically, this was mostly attributable to a relatively high
percentage of officers with high T3 Z Uptake levels (31 observed versus
21.5 expected, mee Table 18-7) and a low percentage of enlisted flyers with
high T. ' Upc results (5 observed versus 9.8 expected).

Table ld-7 also shows a marginal effect of personality type on T3 Z
Uptake results (however, this effect was significant [p.0.035 ] when analysis
was restricted to Ranch Hands and Original Comparisons). Most of the
personality-typr effect was due to larger numbers than expected of Type A

1
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TABLU 18-7.

Association Detvee. T X Uptake and
Age, Race, Occupation, aQA Personality Type

in the Combined Ranch ad and Couparison groups

Percent Abnormal
Covariate

Covariate Category Total Low High p-Value

Age Born 11942 953 1.05 2.52 0.977
Born <1942 1,320 1.14, 2.58

Race Blezk 143 1.40 1.40 0.628
Nonblack 2,130 1.08 2.63

Occupation Officer 842 0.59 3.68
Enlisted 383 1.04 1.31 0.024

Flyer
Enlisted 1,048 1.53 2.10
Groundcrev

Personality A Direction 997 1.60 2.91 0.071
Type B Direction 1,268 0.71 2.21

0
participants with lover T 7 Uptake levels. The covartates age and race were
not correlated with T % 6Iptake abnormalities. Log-linear models vere then
used to assess possible group differences in T3 Z Uptake abnormalities,
adjusting for occupation (OCC), race, age, and personality type (PERSrYPE).
The covariates age, race, and personality type did not contribute signif-
ica4tly to the fit of the adjusted model and were deleted to yield the
simplest model, which included occupation. This analysis was summarized in
terms uf adjusted relative riskm and is displayed1 in Ta41e 18-8.

There were no significant differences in percent abnormalities of T Z
Uptake between the Ranch Rand and the Comparison groups. Occupation

demonstrated a signifirnant effect (p-0.025). Personality type, although
marginally significanz (p.0.068), did not affect the assessment of group
differences.

Thyroid Stimulating Hormone (TS8)

TSH laboratory values were analyzed in both discrete and continuous
forms. As noted in Table 18-5, an unadjustpd t-test of group means shoved a
statistically significant elevation of TSH in the Ranch Hand group, whereas
the categorical analysis did not A-eveal a statistically significant group
difference in the percentage of .aboormalities. Extlusion categories and the
number of participants were identi,.al to the T3 % Uptake anclyses.

18-13



TABIZ 18-B.

Adjusted Categorical Analysis for T3 X Uptake

Analysis Adjusted Covariate
Contrast Relative Risk 95Z C.I. p-Value Remarks

Overalla 0.250 Occupation(p-0.025)

Abnormally Low 0.50 (0.21,1.19) 0.117
vs. Normal

Abnormally High 1.10 (0.50,2.44) 0.809
vs. Normal

*Chi-square test (2 d.f.) for group difference.

Unadjusted covariate analyses of discretat TSH data from the combined
Ranch Hand and Comparison groups shoved a borderline significant difference
(p.0.071) among occupational groups, with a higher proportion of enlisted
flyers vith abnormally high TSB levels than observed in the officer or
enlisted groundcrev population. The covariates age (born in or after 1942,
born before 1942), race. and personality type ve,.e nonsignificant.

A stepwise logistic regression analysis was ptrformed. The final model
was identical to the unadjusted analysis as none of the covariates were
significantly asiociated with TSH. The adjusted pzrcent TSR abnormalities by
group were expressed as relative risks. For completeness this summary
analysis is shown again in Table 18-9.

TSH was subsequently analyzed as a continuous variable. The unadjusted
group contrast (determined by a t-test following transformation of TSR values
to an inverse square root scale) showed a statistically significant (p.0.019)
increase in the mean TSB of the Ranch Hand group, as depic;ed in Table 18-5.
After suitable model fitting, group mean data were adjusted for age (contin-
uous), pursonality type, and an age-by-personality type interaction.
Adjusted results are shown in Table 18-10.

As shown, the Ranch Hand TSR mean was significantly elevated over the
Comparison group mean after covariate adjustment. However, the group mean
values were well below the observed cutoff value of 7.5 WUtml.

The herbicide literature suggests a possibility of primary or secondary
hypn)thyroidism as an endpoint following TCDD exposure. Hypothyroidism, as
manifest by the test parameters in this study, should produce a itndency
toward depressed T3 % Uptake levels and increased levels of TSH. In the
Ranch Hand group, the. T X Uptake did not indicate hypothyroidism, whereas
the TSH mean value showed an increase consistent vith hypothyroidism.
Questionnaire, physical examination, and laboratory data on thyroid function
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TABLE 18-9.

0 Adjusted Categorical Analysis for TS"

Adjusted
Relative Risk 95% C.I. p-Value

1.48 (0.50,4.42) 0.579

TABLE 18-10.

Adjusted Continuous Analysis for TSR by Group

* Adjusted
Group Total* Mean 95X C.I. p-Value Covariate Remarks

Ranch Hand 998 1.158 (1.13,1.19) Age-by-Personality Type
0.025 (p.0.037 )

Comparison 1,267 1.109 (1.08,1.14)

*Eight participants excluded because of ni3sing data on personality type;
35 participants excluded because of thyroid medication.
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and disease led to the conclusion that there were no essential differences
indicating thyroid disease between the Ranch Hand and the Comparison groupr.

Testosterone

Serum testosterone levels were measured by RIA on all participants.
Normal range values from the SCRF Laboratory were used to categorize all data
into abnormally low, normal, abnormally high determinations (see Table 18-4).
All analyses omitted participants with unilateral or bilateral orchiectomies,
and those participants on supplemental testosterons medication.

The unadjusted categorical analysis (see Table 18-5) showed no signifi-
cant differences (p.0.896) in the proportions of abnormalities between the
Ranch Hand group and the total Comparison group.

The groups were combined and the relationships between categorized
testosterone levels and the covariates occupation, race, age, percent body
fat (.BFAT), and personality type were examined. Significant statistical
differences were noted for occupation (p.0.O12), increasing age (p<0.OO1),
and increasing percent body fat (p<0.001). No effect was found due to race or
personality type.

An adjusted analysis was done to determine the simplest model using the
significant covariates, and relative risks were calculated. This analysis is
depicted in Table 18-11. These results shoved that neither percent low
testosterone abnormalities nor percent high testosterone abnormalities were
excessive in the Ranch Hand group, as the confidence interval of the adjusted
relative risks included the value 1.00.

TABLE 18-11.

Adjusted Categorical Analysis for Testosterone

Analysis Adjusted Covariate
Contrast Relative Risk 95% C.I. p-Value Remarks

Overall' 0.949

Abnormally Low 1.00 (0.64,1.L.) 0.986 Age(p<O.001)
vs. Normal Percent Body Fat

(p<O.O01)

Abnormally High 1.13 (0.48,2.64) 0.774
vs. Normal

"aChi-square test (2 d.f.) for group difference.

1
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In contrast to the negative categorical analyses, the unadjusted test of
testosterone means showed a significant elevation in the Ranch Hand group
(see Table 18-5).

Using similar covariates as in the aejusted categorical analyses, the
group means were contrasted by an analysis of covariance. A significant
group-by-percent body fat interaction was found (p.0.0 2 4 ). This was due to
Ranch Hands having a significantly lower mean than Comparisons: (654.4 mg/dl
versus 1042.8 mg!dl, p=O.01 2 ), for the less than i0 percent body fat
category, but a significantly higher mean for the 10 to 25 percent body fat
category (603.3 mg/dl versus 582.4 mg/dl), and a nonsignificaritly higher mean
for the greater than 25 percent body faw category (463.0 mg/dI. versus
4!6.7 mg/dl). However, the number of participants in the less; than 10
percent body fat category was very small: six Ranch Hands and four
Comparisons, and without these, the overall Rancb Hand mean testosterone
level was higher than that for Comparisons. An age-by-percent body fat
interaction (p=0.024) and race (p=O.O0 4 ) were significant covarfates. The
group interaction is summarized in Table P-1 of Appendix P.

The adjusted analysis shoved a significantly elevated mean testosterone
level in the Ranch Hand group for the 10 to 25 percent body fat category,
vhiih comprised 80 percent of the Ranch Hand and 79 percent of the Comparison
participants, whereas the categorical analyses did not reveal any group
differences. These findings might be viewed as supportive of an herbicide
effect.

Cortisol: Initial, 2-Hour, and Differential

Cortisol measurements were obtained in the AFHS for two reasons: as a
general indicator of the integrity of the endocrine system (and specifically
as a functional measure of the pituitary-adrenal circuit), and as 2 Pn. 1
important secondary risk factor in coronary artery disease (CAD).

As cholesterol is a metabolic precursor to cortisol, there has been
longstanding scientific interest on cause-and-effect relationships between
these substances. Clearly, steroid and ACTH treatments havy, 2b??n implicated
in induced hypercholesterolemia and possibly resulting CAD. Cholesterol
elevations have been consistently noted following exposure to TCDD (see
Chapter 15) and, therefore, are of prime interest in this study. Conse-
quently, exploration of the cholesterol-TCDD or cholesterol.-CAD relationship
must also account for cortisol differences, if any.

Timed serum specimens were obtained from all participants at a 2-hour
interval early on the second day of the examination. The difference between
the timed paired specimens was termed the "differential cortisol." The value
of the first specimen was generally higher than the value of the second
specimen (due to liver catabolism). The mean values of the two cortisol
determinations (initial and 2-hour) for the Ranch Hand and the Comparison
groups (as reflected in Table 18-5) did not differ by unadjusted t-tests
(p=0.668, p-0.793, respectively), Further, the unadjusted categorical
analyses for both specimens based on the normal values of the SCRF Laboratory
also did not demonstrate significant group differences (p.0.708, p-M0706,
respectively).
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By an analysis of covariance, using the covariates age, occupation,
race, percent body fat, and personality type, the mean value of the initial
cortisol specimen was adjusted and contrasted by group. These results are
given in Table 18-12, and as indicated, there vas no statistically
significant group difference.

Tests of associatiofi batveen th'! differential cortisol and the covar-
iates (Table 18-13) disclosed significant effect. b•y percent body fat and
personality type (p-O.O0) 2 , p-O.006, respectively). Age ;-! only slightly
suggestive of an effect.

An adjusted analysis vas performed using the above covariates. A grou-
by-age-by-race interaction was fonmd (p-0.032). Personality type (p.0.005)
and percent body fat (p<0.001) were significant r.ovariates. The interaction
found a sijnificnntly lover mean differential cortisol level for Black Ranch
Hands (p.0.003) born in or after 1942 (unadjusted mean 0.17 mg/dl, adjusted
mtean -0.46 ug/dl) versus corresponding Comparisons (unadjusted mean
2.78 pg/dl, adjusted mean 2.33 mg/dl); no significant differences were found
for older Blacks or nonblacks. The interaction is summarized in Table P-1 of
Appendix P.

The analyses discussed above shoved that the Ranch Hand and Comparison
groups did not differ with regard to both paired cortisol specimens, aad the
differential cortisol of those specimens for all nonblacks and Blacks born
before 1942. For Blacks born in or after 1942 (32 Ranch Hands, 47 Compar-
isons) the mean differential cortisol level vas lover for Ran,:h Hands than
Comparisons.

The mean cortisol levels for each personality type and percernt body fat
category were plotted over time. Fibure 18-1 shovs the rate of decrease in
cortisol for Type A and Type B personalities, adjusted for percent body fat
and age. Similarly, Figure 18-2 shows the rate of decrease in cortisol in
three categories of percent body fat, adjusted by personality type and age.

The effect of personality type and percent body fat upon the levels of
cortisol and the rate of change of cortisol over the 2-hour period are
noteworthy. Age was also a significant covariate. Type A personalities
began with slightly lover cortisol levels but had a lover rate of decrease of
cortisol over the next 2 hours as contrasted to Type B personalities. This
analysis demonstrated the ability of the Jenkins Activity Scale to differ-
entiate personality type in this cohort, as measured by differential cortisol
levels. The strong effect of percent body fat upon cortisol was not
expected.

Glucose Metabolism: 2-Hour Postprandial Glucose and Composite Diabetes
Indicator

The 1985 examination at SCRF presented two major changes in the assess-
ment of glucose metabolism as contrasted to the 1982 Baseline examination:
(1) the accepted laboratory criteria by which to dVagnose diabetes shifted
from the standard of 120 mg/dl or more at 2 hours Lo a designation of
"impaired" glucose tolerance (at least 140 but les? than 200 mg/dl) and
"diabetic" glucose tolerance (at least 200 mg/dl)," and (2) participants
were given a standardized 100 gram Glucola* challenge rather than an esti-
mated 100 gram carbohydrate breakfast. Further, most known diabetics were
encouraged not to take the Glucolas challenge.
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TABLE 18-12.

S Adjusted Coratinuous Analysis for Initial Cortisol by Group

Adjusted Covariate
Group Total* Mean p-Value Remarks

Ranch Hand 1,004 11.42 Axe (p<0.O01)
0.659 Personailty Type (p.O.002)

Percent Body Fat (p<0.O01)
Comparison 1,280 11.49 Occupation-by-Race (p.O.009)

* Nine participants omitted due to missing data on personality type and body
fat.

TABLE 18-13.

Assocliation Betveen Differential Cortisol and
Age, Race, Occumati,-a, Percent Body Fat, and Personality Scoru

in the Coabined Ranch Hand and Comparison Groups

Covariate i,!!an Differential
Covariate Category Total Co•t cls:l Level p-Value

Age Born . 1942 955 2.24 0.122'
Born < 1942 1,338 2.51

Race Black 143 2.16 0. 57.0
Nonblack 2,150 2.41

Occupation Officer 852 2.55
Enlisted Flyer 385 2.48 0.203
Ealisted Groundcrev 1,056 2.23

Percent <10% 10 1.80
Body Fat 10-25% 1,846 2.54 0.002

>25% 436 1.79

Personality A Direction 1,002 2.12 0.0')6a
Type B Direction 1,283 2.60

"By t-test.

bBy analysis of var:1ance.
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All participants were provided high carbohydrate menus preceding the
examination, and were encouraged to consume high calorie meals for 3 days
immodiately before their examination to improve the diagnostic efficiency of
the glucose tolerance test. At the examination site, compliance or noncom-
pliance to the carbohydrate diet was recorded but reported compliance vas not
analyzed. These data, however, were not used to exclude participants fom
the analyses, as the 1984 Baseline Report shoved that compliance to the diet
was inconsequential to the analyses.

All known diabetics, as determined by the Baseline history and the
1982-1985 interval questionnaire, were excluded from the glucose tolerance
analyses. However, the 43 Ranch Hands and the 59 Compar'aons comprising the
exclusion group were included in the composite diabetes Pralysis.

2-Hour Postprandial Glucose

As noted in Table 18-5, a tri.chotomized contrast of the 2-hour post-
prandial glucose shoved a statistically significant difference (p.0.038)
between the Rrnch Hand and the Comparison groups. This was due to a slightly
higher percentage of Ranch Hands in the diabetic category, and a lower
percentage of them in the impaired category relative to the Comparison group.

Both study groups were pooled to assess the covariate main effects of
age, race, occupation, and personality type. The results shoved a
significant effect for occupation (p.0.030), largely due to a higher
proportion of enlisted flyers having impaired glucose levels. Race, age, and
percent body fat were significant covariates (p=0.037, p<0.001, p<0.001,
respectively), with Blacks, older ages, and high body fat categories having
many more observed abnormalities than nonblack, younger age, and normal body
fat categories. Personality type shoved no effect (p.0.562).

Using the three covariates age, race, and percent body fat, the percent
impaired and percent high glucose categories were adjusted and relative risks
were calculated. These datm frr summarized in Table 18-14 and revealed that
significantly fever Ranch Haods had imDaired glucose levels (at least 140 but
less than 200 mg/di) than did Comparison members, as demonstrated by the fact
that the relative risk was bracketed by a confidence interval with upper
limit less than 1.00. Conversely, more Ranch Bands had diabetic levels of
glucose (at least 200 eg/di) on the 2-hour postprandial test than did the
Comparisons, but this excess was not statistically significant.

The 2-hour postprandial glucose level was also analyzed as a continuous
variable. Group data were transformed to a logarithmic scale and were
adjusted by a general linear model using the covariates age, race, occupa-
tion, and percent body fat. This analysis is reflected in Table 18-15.

These results shoved no group difference for the 2.-hour postprandial
glucose variable. Significant covariate effects are noted for percent body
fat (p<0.001), occupation (p<0.O01),, and the age-by-race interaction
(p.O.00 2 ).
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TABLE 18-14.

Adjusted Categorical Analysis for 2-Hour Postprand.al Glucose

Analysis Adjusted Covariate
Contrast Relative Risk 95Z C.I. p-Value Remarks

Overall" 0.034

Impaired vs. 0.73 (0.56,0.96) 0.022 Age (p<O.001)
Normal Race (p.0.01 6 )

Percent Body Fac (p<0.O01)

Diabetic vs. 1.26 (0.72,2.22) 0.421
Z Normal

aChi-square test (2 d.f.) for group difference.

TAMLI 18-15.

Aijusted Continuous Analysis for 2-Hour
Postprandial Glucose by Group

Adjusted Covariate
Group Total Mean 95Z C.I. p-Value Remarks

Ranch Hand 976 114.4 (107.3,122.0) Age-by-Race(p=0.002)
0.487 Occupation(p<0.001)

Comparison 1,234 115.3 (108.2,123.0) Percent Body Fat(p<0.O0l)
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Composite Diabetes Indicator

This variable was constructed by selecting participants with a known
history of diabetes via the Baseline or interval (1982-1985) questionnaire,
and adding them to the group whose 2-hour postprandial glucose level was at
least 200 .g/dl at the 1985 examination. Thus, this pool represents all
"true diabetics," past and present. These data were contrasted to the
"nondiabetics," recognizing the mild degree of misclassification introduced
by considering glucose-impaired individuals as normal. The unadjusted
frequencies (Table 18-5) were 7.3 percezkt diabetics in the Ranch Hand group
and 6.7 percent diabetics in the Comparison group (p.0.622).

A series of analyses were conducted to determine the best adjusting
model for these data, using stepdown procedures from a model containing all
mair effects and two- or three-way interactions. The final adjustment used
the signifizant covariates of percent body fat and an age-by-race interaction
to adjust the proportions of diabetes in each group. These results, formu-
iatcd as a relat:.ve risk, are presented in Table 18-16. The adjusted results
indicated no significant difference in the frequency of past and current
diabetes in the Ranch Hand and Comparison groups.

The analyses abcove provide a firm platform to conclude that both study
groups vere essentially equal with respect to glucose metabolism, and past
and current diabetes. Although the herbicide literature suggests a possible
endpoint of diabetes, this followup study provides no support for that
notion. The slight discrepancies betveen the categorical tests of glucose
abnormalities and the assessment of mean values are probably explained on
distributional grounds.

)FSUREI KW ANALYSES

Vithin each occupational categorl, exposure index analyses vere carried
out to assess possible dose-response relationships (see details in Chapter
8). The variables T3 % Uptake, TSH, testosterone, initial and 2-hour cortisol,
differential cortisol, and 2-hour postprandial glucose were analyzed as con-
tinuous variables by t-tests and analysis of variance (unadjusted by any of
the covariates). Adjusted analyses were performed using general linear
models; adjusting covariates were age, race, occupation, and as appropriate,
percent body fat and personality type. Group-by-covariate interactions were
explored for each analysis. and tests were made of differences in means among
the three exposure levels rAs well as contrasts of msans between the medium
and low exposure levels, and between the high and low exposure levels. The
dependent variables were transformed prior to analysis as described earlier
in this chapter.

TABLE 18-16.

Adjusted Analysis for Diabetes (Composite Indicator)

Adjusted Covariate
Relative Risk 95Z C.I. p-Value Remarks

1.12 (0.80,1.56) 0.500 Age-by-Race(p=O.005)
Percent Body Fat (p<0.O01) 4
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Results of the adjusted analyses are presented in Table 18-17 and
parallel results for unadjusted analyses are given in Table P-2 of
Appendix P. Results of investigation ot any exposure index by covariate
interactions are given in Table P-3 of Appendix P.

Unadjusted analyses shoved significant differences either among exposure
levels or in the high versus low or medium versus low exposure level con-
trasts for testosterone for officers, and initial cortisol, differential
cortisol, and 2-hour postprandial glucose for enlisted flyers. For officers,
a significantly lover mean testosterone leieel vas seen for the medium
exposure level as contrasted to the low exposure level (547.4 mg/dl versus
599.4 mg/dl, p-O.0 4 1). Enlisted flyers had significantly lover mean initial
cortisol in the medium as contrasted with low exposure level (11.08 ug/dl
versus 11.97 !g/dl, p-O.O01); participants in the high exposure level also
had a much lover mean, 11.13 ug/dl, as contrasted with the low exposure level
but the difference was not significant. Enlisted flyers had a significant
difference in differential cortisol among exposure index levels (p,0.003).
The mean differential cortisol levels were 3.43 ug/dl, 1.20 ug/dl, 2.30 ug/dl
for the low, medium, and high exposure levels, respectively; the medium
ersus low contrast was very significant (p<0.001), and the high versus low

contrast was marginally significant (p.0.092). Mean 2-hour postprandial
glucose for enlisted flyers in the medium exposure category was much higher
than in the low category: 118.0 .g/dl versus 100.9 mg/dl (p=0.O1 5 ).
However, the mean glucose level for the high exposure category was not as
high as that for the medium level, 110.9 mg/dl. The difference among all the
exposure levels wa: z1ose to significance (p.0.051).

Adjusted analyses (Table 18-17) shoved patterns very similar to
unadjusted analyses. A summary of exposure index by covariate interactions
found are listed in Table 18-18. The adjusted mean TSH level for enlisted
flyers was significantly higher in the high exposure level as contrasted with
the low exposure level (p.0.045); moreover, there was a steady trend upwards
with low, medium, and high exposure levels. Enlisted flyers in the medium
exposure level had a higher adjusted mean 2-hour cortisol level than the low
exposure level (p.0.034), but no trend was apparent. There was a significant
difference in differential cortisol among the exposure levels of enlisted
flyers (p.0.008) and the medium exposure level had a much lower adjusted mean
than the low exposure level (p.0.002). No clear trend with increasing
exposure was apparent. Further, enlisted flyers in the medium exposure level
had a higher mean postprandial glucose than the lower level (p.0.012), and
the overall test for differences among the three levels was significant
(p.0.042).

In summary, the emergent pattern was that the enlisted flyers in the
medium exposure level were significantly different from those in the low
exposure level for 2-hour cortisol, differential cortisol, 2-hour post-
prandial glucose and marginally significantly different (p.0.098) for
testosterone. However, the corresponding high versus low contrasts were not
statistically significant.

LONCITUDINAL ANALYS2S

Three endocrine variables were chosen for longitudinal analysis:
testosterone, T3 % Uptake, and TSH. Only participants attending both
examinations were eligible. The three variables-vere measured by relatively
comparable laboratory techniques at the Kelsey-Seybold Laboratory in 1982 and
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TABLZ 18-18.

Summary of Exposure Index-by-Covariate Interactions
Entountered in Analyses of Zndocrinological Variables

Variable Occupation Covariate p-Value

Testosterone Enlisted Groundcrev Percent Body Fat 0.001

Initial Cortisol Officer Percent Body Fat 0.037

2-Hour Cortisol Officer Percent Body Fat 0.011

2-Hour Cortfsol Enlisted Groundcrev Race 0.006

Differential Enlisted Groundcrew Race 0.007
Cortisol Personality Type 0.021

at the SCRF Laboratory in 1985. As described in Chapter 7, "Statistical
Methods," each variable was analyzed continuously by a repeated measurements
analysis of variance. Testosterone data were subjected to a square root
transformation, and TSH values received a logarithmic transformaticn.
Results of the analysis are shown in Table 18-19.

As shown in Table 18-19, all three variables declined from their
Baseline values, tit the reductions over time were relatively proportional
for each group by variable. It is concluded that significant differences
between groups did not exist for the change in levels between the Baseline
examination and the first follov-up examination. The symmetrical changes in
the testosterone and T3 Z Uptake variables are speculatively attributed to a
3-year aging effect, but the change in TSH values is suggestive of a change
in laboratory methods. There is no suggestion of an adverse rate change in
either the Ranch Hand or Comparison group.

SUMMARY AND CONCLUSIONS

The physical examination and laboratory testing results of all
endocrinological variables are summarized in Table 18-20.

Questionnaire and review-of-systems data for past thyroid disease were
essentially equivaleat in both the Ranch Hand aid Comparison groups. These
historical data were confirmed by medical record reviews. Physical exami-
nation findings were necessarily limited to data from palpation of thyroid
glands and testicles; the unadjusted results showed no significant group
differences.

1
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TABI2 18-19.

Longitudinal Analysis for Testosterone, T3 % Uptake,
and TSH: A Contrast of Baseline and First Follovup

Exazination Test Means

Means
p-Value

1982 1985 (Equality of
Variable Group Total Baseline Follovup Difference)

Testosterone Ranch Hand 971 585.16 570.73
Comparison 1,139 581.77 357.25 0.20

T3 % Uptake Ranch Hand 971 30.30 27.83
Comparison 1,139 30.29 27.81 0.93

TSH Ranch Hand 971 1.744 1.094
Comparison 1,139 1.721 1.081 0.83

Evaluation of the endocrine system was conducted primarily by laboratory
testing of hormone levels. The thyroid test battery consisted of T3 X Uptake
and TSH assays. The T3 % Uptake data shoved no group differences for either
mean values or frequency of abnormally low or high ,ralues. Occupation was a
significant co-ariate. TSH results revealed a significantly higher mean
level in the Ranch Iand group, but this difference was not found by cate-
gorical testing of proportions of abnormally high TSH results.

Mean levels of testosterone vere significantly elevated among Ranch
Hands as cont~asted with Comparisons in the 10 to 25 percent body fat
category, but •his was not reflected by the categorical tests. For the few
pakticipants v'tb less than 10 percent body fat (six Ranch Hands, four
Comparisons), mean testosterone lavels were lower for Ranch hands than for
Comparisons. Age, oicupation, and percent body fat were siguificant
adjusting variables.

Two timed cortisol specimens showed no significant group differences in
mean values and percent abnormalities. The difference between the timed
cortisol results, termed the differential cortisol, showed no significant
group differences for nonblacks or Blacks born before 1942, but Black Ranch
Hands born in or after 1942 had a lower mean differential cortisol level than
Comparisons. Age, percent body fat, and personality type were significant
cewvriates in these anal.yses.

Group means of 2-hour postprandial glucose levels were not statistically
different, but categorical testing revealed that there waj a significantly
higher frequency of glucose-impaired (at least 140 but less than 200 mg/dl)
Comparisons than Ranch Hands. A constructed variable comprised of known
diabetics and individuals classified as diabetic by the glucose tolerance
test, showed no difference between the Ranch Hand and Comparison groups. As
expected, past and current oiabetes were highly influenced by the covariates
age, race, and percent body fat.
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TABLE 18-70.

Overall SumLmry Results of
Unadjusted and Adjusted corntinuous

and Categorical Analyses of Endocrinological Variables

Unadjusted Adjusted

Test Mean Categorical. Mean Categorical

Questionnaire and
Physical Kxamination

Past Thyroid --a NS a __b
Disease (Self-
Administered)

Past Thyroid - NSA - b
Disease
(Interviever
Administeredi

Thyroid Abnor- --a NS -- a h

malities

Testicular --a NS a-- b

Abnormalities

Laboratory Testing

T3 Z 1Uptake NS Overall: NS Overall: NS
Low vs. Normal: NS Low vs. Normal: NS

High vs. Normal: NS High vs. Normal: NS
TSH 0.019 NS 0.025 NS
Testosterone 0.035 Overall: NS **** Overall: N1S

Low vs. Normal: NS Low vs. Normal: NS
High vs. Normal: NS High vv. Normali NS

Initial Cortisol NS Overall: NS NS --

Low vs. Normal: NS
High vs. Normal: NS

2-Hour Cortisol NS NS b _b

Differential NS - a
Cortisol

2-Hour Postprandial NS Overall: U.038 NS Overall: 0.034
Glucose Impaired vs. Normal: 0.024 Impaired vs. Normal: 0.022

Diabetic vs. Normal: NS Diabetic vs. Normal: NS
Diabetes (Composite N KS his
Indicator)

-- Analysis not feasible.
NS: Not significant (p>0.10).
-- Analysis not performed.
NS*: Borderline significant (O.05<plO.10).
****Group-by-covariate interaction.
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Exposure index analyses dii not reveal any pattern consistent with a
dose-response relationship. Enlisted flyers in the medium e::posure level
were signtficintly different from those in the low exposure level for 2-hour
cortisol, differential cortisol, and 2-hour po3tprandial glucose. However,
the corresponding high versus low contrasts were not statirtically
significant.

Longitudinal analysts of T3 Z Uptake, TSH, and testosterone levels on
all individuals attending both the Baseline and follovup examinations
reveuled only symmetrical and nonsignificant changes in the Ranch Hand and
Comparison groups in the interval between examinations.

In -onclusion, both limited historical and phyuical examination data,
seven endocrinclogical laboztory va-iables, and a Pomposite indicator of
diabetes did not demonstrate consistet~t patterns indikating an herbicide
effect. However, there was a significant interaction between group and
"percent body fat for testosterone that could be interpreted as an her:bicide
effect TSH and testoaterone means tests were statistically aignificant, and
in the expected direction of an herbici4e effect, btit these results were not
confirmed by categorical zesting. Also significant was the impaired category
sf the glucose tlerance test, which shoved an excess in the Comparison
group. The consistent demoustration of the classical effects of the
covariates age, race, occupation, and percent body fat on appropriate
endocrine vrýIables provided support for these conclusions. Overall, the
endocrine health status of both groupc was reasonably comparable.
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CHAPTER 19

INKUNOLOGICAL EVALUATION

IMODUC"ION

Overt damage to organs of the immune system and depressed immunologic
function have been noted in a variety of animals exposed to TCDD. As the
fields of immunology and iamunotoxicology have grown within the past
10 years, a significant spectrum of subtle immunotoxic effects has also been
described in animals, but for many possible reasons, compar&ble adverse
effects have not been consistently recorded in exposed human individuals or
cohorts.

Thus, an intensive search is underway to ascertain the effects of TCDD
on the human Immune system, particularly with respect to the development of
cancer. Every major ongoing dioxin morbidity study in the United States has
now incorporated comprehensive laboratory assessments of the ilmune system.

Numerous animal studies have demonstrated significant immunotoxicity
following the administration of TCDD. The relatively consistent observations
of decreased thymus weight (with cortical atrophy and a depletion of lympho-.
cytes), atrophy of other lymphoid tissue, depressed cellular bone marrow, and
decreased humoral. and cell-mediated immunity and increased susceptibility to
infection have bein noted in a variet animals, including monkeys,
rabbits, guinea pigs, rats, and mice. The immune-response effects varied
by species, species strain, age, integrity of the endocrine system, dose, and
toute of administration. Generally, the immunologic parameters returned to
normal or approximate normal values over time, even followfig moderate to
high doses of TCDD. While experiments have been conducted to assess the
immunotoxicity of TCDD, little has been published on ths immunotoxicity of
2,4-D or 2,4,5-T.

The immune system is so sensitive to TCDD that immune function has
frequently been used as a marker of toxicity in the absance of other biologic
effects. The mechanism of TCDD immunotoxicity is under intensive inves-
tigation by molecular biologists, pathologists, and geneticists. In general,
TCFD toxicity is probably linked to the Ah receptor, and specifically to the
Ah allele which governs microsomal enzyme induction as fflected by aryl
hydrocarbon hydroxylase and cvtochrome P-448/450 levels.. This premise
underscores the questions of the degree to vhich the human response to TCDD
is dependent upon the Ah locus or other genetic receptors, and how this
response is manifestee in the immune system.

Animal studies and several ubservational studies in humans have shown
variable results. Data from the Times Beach, Missouri, episode disclosed no
group differences for various T lymphocyte populations, proliferative
responses to PRA, concanavalin A, pokewe? or tetanus toxoid stimulation,
and in skin testing with seven antigens. A report of the assessment of the
immune system of men exposed to TCDD in an industrial accident in Britain
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did not discuss the results of the measurement of the immunoglobulin profile,,,
lymphocytes, T and B cells, response to PHA, and three hematologic variables.1 6

A prior publication on the same cohort cited unpublished findings of V
suggesting a reduction in the capacity of the "primary" immune system.

A longitudinal evaluation of 48 highly exposed children (one-half with
chloracne) from the Seveso incident shoved significantly elevated complement
hemolytic activity over six measurements during the period 1976 to 1979
(although the biologic significance of this is unknown) and an increased pi-
liferative response to PHA and pokeveed during the first three screenings.
This study (as others) was characterized by shifting a study population over
the observation period and by excessive laboratory variation that may have
masked other true group differences. Nonetheless, the Seveso data may be
interpreted as indicative of a stimulated immune system, particularly cell-
mediated immunity, differinj; substantially from the bulk of animal studies,
which shoved decreased activrity.

A recent study of resic!ents of the TCDD-contaminated Quai' Run Mobile
Home Park ikNMissouri also zevealed data that conflicted with the Seveso
experience. A statistically significant amount of anargy and relative
anergy was detected in the TVDD-exposed group, as determined by the multitest
applicator (seven-antigen tec't system). Inter-reader variation presented
major interpretive difficulties. Nevertheless, findinga suggestive of
decreased cell-mediated immunAty were provided by decreased T , T4 , and
T,1 cell percentages. Also noted was an increased lymphoprollferative
response to pokeweed mitogen (?PWV). The overall depression of immunologic
response was not correlated with an increase in clinical disease.

Baseline Summary Results

Immunologic function and phenotypic marker studies were performed on
592 participants (297 Ranch Hands, 295 Comparisons) randomly selected by the
terminal digit of their case number. Because of laboratory problems, e.g.,
fluctuating quality control and lack of simultaneous differential counts on
the peripheral mononuclear cells, a special Immunology Review Committee was
convened to determ'ne vh1ch data were relevant for analysis. Such decisions
were made on a case-by-case basis without knowledge of Ranch Hand or
Comparison group membership. The Committee concluded that the data could be
analyzed on a group basis, but interpretation of data on an individual basis
was inappropriate.

Analyses of the cell surface markers (T,,, T , T4 , Ta, B, the T4 /To
ratio, end the total lymphocyte count [TLC]) sho•ed no significant group
differences. However, the increased smoking was significantly associated
with increases in cell counts but not with the T /T ratio and B. cells,
whereas increasing age was significantly assoziated6with decreasing TLC and
T, cells.

Functional studies of T and B cells via reaction to antigenic (tetanus
toxoid) or mitogen (phytohemagglutinin, concanaval~n A, and pokeweed)
stimulation showed no group differences. Similar]y, unadjusted and adjusted
mean values of the four assays were not significantly different between
groups, but one unstimulated control value (reflecting Baseline thymidine
uptake by T cells) was significantly decreased in the Ranch Hands. The
biologic relevance of this finding was unclear.
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Further, in the covariate analysis of the functiona& studies, group-by-
-smoking and group-by-alcohol interactions were noted. Of greater importance,
however, was the finding that lymphocytic response increased vi:h increasid
smoking, but was depressed in association'with increasing age.

In summry, both immunologic function and cell marker studies did not
show significant impairment in the Ranch Hand group, or patterns supportive
of an herbicide effect. Smoking, for the first time to the knowledge of the
authors, was associated vith a significant increase in the marker cells T...
T3, T4 , and T., and in the total lymphocyte count, with a concomitant
increase in lymphocytic response to PVM.

Parameters of the 1985 Inmmologic Profile

The format for the 1985 AFHS physical examination placed more emphasis
on the immunologic assessment than did the 1982 Baseline profile. The random
samplng scheme was expanded to produce an approximate 50-percent sample of
the cohorts, and ineluded the same terminal digits of the case uumber used at
Baseline in order to include all individuals evaluated in 1982 and thus
establish a longitudinal data base.

All immunologic tests were oerformed at the Scripps Immunology Reference
Laboratory (SIRL). The battery of phenotypic marker essays and functional
tests was slightly modified from the Baseline profile. The assay for HLA-DR
cells was added to the battery of marker studies, and a functional test for
natural killer cells (with and without interferon) vas substituted for the
concanavalin A stimulation assay. A comprehensive set of skin tests for the

S antigens Candida, mumps, Trichophyton, and staph-phage-lysate was added to
evaluate the integrity of the delayed hypersensitivity response.

The dependent variables of the analyses in this chapter arise from throe
distinct measurement systems: phenotypic marker studies, functional studi,
and skin testing. There were more covariates than in the Baseline study,
namely age, race, occupational category, exposure index, and new smoking and
alcohol data from the 1985 questionnaire.

Participants deleted from the immunological analyses included those with
recent radiation or chemotherapy, and those individuals on immunosuppressive
or systemic steroid medication. Marginal totals in the tables below vary
somewhat due to missing covariate data. Thus, numbers in the table also vary
according to which immunologic data sources were usec in the analysis. In
general, most analyses are based upon data from 465 Ranch Hands and 585 Com-
parisons. Analytic tests included t-tests, general linear models (SAS*-GLH),
logistic regression (BMDPO-LP.), and Fisher's exact test. Parallel analyses
using Original Comparisons are in Tables Q-5 through 0-10 of Appendix Q.

Rationale of the Immunologic Measurements

Because of rapid changes in. our knovledge of the immune vystem, Table
19-1 is provided as an aid in interpreting the medical significance of the
immunological data.
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Imunoloy Methodologies

The isolation of peripheral blood mononuclear (PBM) cells was the first
step to prepare for testing immune competence and enumeration of phenotypic
markers. Heparinized whole blood was obtained from each patient. PBHEs were
isolated by Ficoll-Hypaque density gradient centrifugatiin. The PBM's were
thea washed and resuspended in B1101 media (HANA Biologics, Inc.) supple-
mented with 10M units/ml penicillin, 10,000 acEg/l streptomycin, 1 percent
sodium pyruvate (100 mM), and 1 percent L-glutamine (200 mM). To determine
percent monocyte and granulo-yte contamination of the PB5 cell preparations,
an aliquot of the cells was stained with a nonspecific esterese stain. PBM
concentration was adjusted for each individual assay.

Cell Surface Marker Analysis

Mouse monoclonal antibodies directed against specific surface markers
were used to identify and quantitate different cell populations in the per-
ipheral blo.d of the participants. Mononuclear cell concentrations adjusted
to 1.0 x 10 cells/ul were incubated with the following fluorescein isothio-
cyanate conjugated monoclonal antibodies: CD2(OKTl1*), CD4(OKT4*), CDS(OKT8*),
CD19(Leul2**), CD14(LeuM3**), and HLA-DR(OKDR*). These cell surface anti-
bodies measure total numbers of T and B lymphocytes, monocytes, helper T
lymphocytes, suppressor T lymphocytes, and those cells carrying the HLA-DR
antigen. A flow cytometer (Spectrum III, Ortho Diagnostic Systems, Raritan,
New Jersey) was used to measure percent positive for each specific surface
marker and absolute numbers were calculated.

Phytohemaglutinin (PHA) ani Pokeveed Mitogen Stimulation Assays

Mitogens were used to stimulate the proliferation of lymphocytes in
vitro. During the proliferative response, the lymphocytes undergo blast
transformation and incorpocate radioactive thymidine into their DNA. Partic-
ipant lymphocyte concentrations were adjusted to 2.0 x 106 cells/ml in'
supplemented HEB01 media. Samples were cultured in quadruplicate. Individ-
ual cultures consisted of 0.1 ml of cell suspension and 0.1 ml of mitogen
solution in microtiter plates. The cultures were incubated in an atmosphere
of 5 percent CO at 37 degrees Centigrade. Participant cells were cultured
with PHA (12 ug~ml, Sigma Chemical Co., St. Louis, Missouri) for a total of
4 days and pokeweed mitogen (0.05 g/hul, Sigma Chemical Co., St. Louis,
Missouri) for a total of 5 days. The cultures were pulsed with tritiated
thymidine (1.0 pCi/ microtiter well) for 4 hours and then harvested on a
multiple automated harvester. Cellular proliferation was assessed by
tritiated thymidine uptake measured by liquid scintillation counting.

Mixed Lymphocyte Reaction

Histocompatibility antigens (HLA) can also stimulate lymphocytes causing
blast transformation. Donor lymphocytes were used to stimulate the prolif-
eration of participants' lymphocytes in vitro. A pool of donor lymphocytes

*Ortho Diagnostic Systems, Raritan, New Jersey
**Becton Dickinson Monoclonal Center, Inc., Mountain View, California

1
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was frozen and used as a stimulator pool throughout the course of the study.
* An aliquot of this pool was thawed daily. Viability of this pool was

assessed by trypan blue exclusion. A pool of freshly isolated lymphocytes
was prepared daily and also used as stimulatoz rells. Both pools of stimu-
lator cells were inactivated by irradiation (3,000 rad). StimulatoF pools
and participant lymphocyte concentrations were adjusted to 1.0 x 10 cells/ml
in supplemented HB101 media. Samples were cultured in quadruplicate.
Individual cultures consisted of 0.1 ml of participant cell suspension and
0.1 ml of stimulator cell suspension, in microtiter plates. The cultures
were incubated in an atmosphere of 5 percent CO at 37 degrees Centigrade for
6 days. The cultures were pulsed with tritiateA thymidine (1.0 PCi/
microtiter well) for 16 hours and then harvested on a multiple automated cell
harvester. Cellular proliferation was assessed by tritiated thymidine uptake
measured by liquid scintillation counting.

Natural Killer Cell Assays

Mononuclear cells from the participant were evaluated to assess the
ability of certain peripheral blood cells to kill target tells from a K-562
leukemia cell linf. The K-562 target cells were preincubated with radio-
active chromiurA ( Cr) at 37 degrees Centigrade in 5 peicent CO2 for 1 hour,
washed, and the cell concentration adjusted te 1.6 x 10 cells/mi. A 50 ml
aliquot of radioactive K-562 cells was added to each microtiter well.
Participant lymphocytes6were adjusted to three different concentrations:
0.53, 1.6, and 2.7 x 10 cells/ml. One ml of each of these concentrations
was incubated with 20 units of recombinant y-interferon (Genentech, Inc., San
Francisco, California) for 1 hour at about 37 degrees Centigrade. Quadru-
plicate 150 ui aliquots of each concentration, with &rd without interferon
preincubation. were dispensed in a microtiter plate. Four wells contained.
media alone to determine the spontaneous release of radioactivity from the
K-562 cells. Four wells contained I percent Triton X-100 to determine the
maximal release of radioactivity. The final effector to target ratios were
50%1, 30:1, and 10:1. The microtiter plates were centrifuged briefly at low
speed and incubated at 37 degrees Centigrade in 5 percent CO2 for 3 hours. A
100 u1 aliquot of the supernatant was removed from each well and counted on a
gamma counter. Percent chromium release from the K-562 target cells was
determined for each effector:target cell ratio.

Interpretive Considerations

The values of the results of assays of immunologic status are more
variable than those found in routine single reactant clinical chemistry
assays. Often there are numerous biochemical factors/metabolites that affect
the !.&mu-roiogic assay results so that interpretations of normalcy must be in
tI;e context of those obtained concurrently in a normal control cohort group.
Such cont:rols allow for proper adjustments of the raw assay data in order to
minimize the broad range of technical and reagent effects in the various
immunologic assays. These adjustments in the raw assay data results will
correct for such variability and allow for the detection of any significant
biologic abnormalities. Because of the need for these control adjustments,
the immunologic assay results cannot be meaningfully compared to existing
normal ranges determined on different groups of individuals at other times.
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RESULTS AND DISCUSSION

Cell Surface Marker (Phenotypic) Studies

Immunological tests were carried out on 47 percent (1,085) of the
participants because of the complexity of the assay and the expense of these
tests. The participants were randomly selected so that approximately 50 per-
cent of each group of participants arriving for the physical examination had
blood drawn for the immunological tests. Logistical delay during the initial
weeks of the examination reduced the number to less than 50 percent. Within
each group, blood was drawn for the immunological tests from about one-hali
of the selected participants on the first day of the physical examination,
and from the remainder on the following day. Skin tests, vhich were sched-
uled for the first day, were therefore carried out after the blood draw on
the first day for the first half of the immuno-tested participants. Skin
tests were not done for those participants selected for immunological testing
on day two in order to avoid any effect the skin test antigens might have on
the cell counts and functions. Thus, 553 participants received both the
immunological tests and the skin tests, 532 received the immuaological tests
but not the skin tests, 1,206 received the skin tests but not the immunolog-
ical tests, and 18 received neither. Table 19-2 gives the frequencies of the
participants in each exposure group who had the tests.

Participants who were taking anti-inflammatory or im munosuppression
medication or who had recently received x-ray treatment or chemotherapy for
cancer were excluded from all the analyses. Participants taking aspirin,
however, were not excluded.

TABLE 19-2.

Frequencies of Participants Vho Took the Imunological
Tests and the Skin Tests, by Group

Skin Tests

Immunology
Group Tests No Yes Total

Ranch Hand No 9 524 533

Yes 218 265 483

Total 227 789 1,016

Comparison No 9 682 691

Yes 314 288 602

Total 323 970 1,293

19-8



For those participants who were given the immunological tests, the
* following dependent variables were examined: total T cells, helper T cells,

suppressor T cel,.-, B cells, monocytes, HLA-DR cells, and the T4 /T, (helped/
suppressor cell) ratio. These variables were treated as continuous in the
analysis.

The covariates considered in the analysis were the matching variables
(age, rece, occupation), smoking history (current cigarettes/day and total
pack-years of smoking), and alcohol consumption (average nuaber of drinks per
day during the 2 weeks prior to the physical examination and total drink-
years). The covariates age and th, smoking history and alcohol consumption
variables were used as continuous variables in the analyses since the
relationships between the dependent variables ad the covariater were
generally monotonic.

Considerable day-.to.day variation exists in the results of immunological
tests due to a number of extraneous factors, including temperature, humidity,
and sensitivity of the 'nstrumentation. Significant batch-to-batch variation
(amo; dminatdon groupL; was apparent for total T cells, suppressor T cells,
B ceils, and the T,/T. ratio, and significant blood-draw day variation was
apparent for helper T cells, monocytes, and HUL-DR cells. Adjustments in the
analyses were aade for these sources of variation by using batch or blooddraw
day indicators. Throughout this section, appropriate adjustment was carried
out in the assessment oi 7roup differences of the dependent variables; this
analysis was unadjusted for the covariates listed above and is referred to as
the "unadjusted" analysis. Adjustment was alse made for batch-to-batch or
blood-draw day variation in the analyses of the associations of the dependent
variaoles with the covariates. Further, this adjustment was also used in the
fittirg of general linear models to assess the group differences, adjusted for
the covariates.

Prior to analy.is, group data were pooled for each continuous variable
and were examined to determine whether transformation would enhance normality
or distributional symmetry. The following transformations were used in theanalyTses:

Variable Transformation

Total T cells Squ "e root

Helper T cells Square root

Suppressor T cells Logarithm

B cells Square root

Monocytes Logarithm

HLA-DR cells Square root

T4 /T 8 ratio Logarithm

The results -f the anal,,ses in this sect,-in are summarized in Tables 19-3
through *s-5. Table 19-3 presents the unadjusted analyses for the cell
s.urface k.:kers, Table 19-4 displays the covaiiate associations, and Table
19-5 gJves the adjusted results. These tables are accompanied by
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TABLE 19-3.

Unadjusted Analyses for Cell Surface Markers by Group

Group

Variable Statistic Ranch Hand Comparison p-Value

Total T Cells n 464 581
(Tid Mean 1,616 1,604 0.73695% C.I. (1,561, 1,671) (1,556, 1,653)

Helper T n 461 580
Cells (T4 ) Mean 874.6 863.3 0.610

95% I. (839.9, 909.9) (833.3, 893.9)

Suppressor n 465 582
T Cells (T3 ) Mean 523.6 530.0 0.671

95% C.I. (500.1, 548.1) (508.9, 552.0)

B Cells n 457 575
Mean 185.6 189.5 0.594
95% C.i. (174.1, 197.4) (179.2, 200.1)

Monocytes n 462 582
Mean 46.08 44.49 0.427
95% C.I. (42.99, 49.39) (41.88, 47.27)

HLA-Da Cells n 462 582
Mean 571.4 568.4 0.842
95% C.I. (547.9, 595.3) (548.1, 589.1)

T4 !T, Patio n 461 577
Mean 1.600 1.570 0.499
95% C.I. (1.531, 1.672) (1.510, 1.633)
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TANE 19-5.

Mdjwued~ kalyse fir GeU Surf~ aced Ww3 by 4

Variable Statistic Ranch Hand Caariscm p-Value Covariate aWmAls*

Total n 442 567 BAIT( (p-0.029)
T O1Us Adj. Mean **** AE (p0.009)

95% C.I. **** ALC (p.0.001)cm (p<D.oo01
oP*RMa (p.0.033)

M~YR*PK1am(p.0.015)

Helper n 439 566 BATCH (p.0.021)
T Calls Adj. Mean 869.4 878.5 0.662 DAY(BAICt) (p=0.014)

95% C.I. (836.1, 903.2) (849.2, 908.4) A (p<D.001)
MD, o• (p-0.O8)

CsM AVc (p-0.023)ALIM . (p-0.006)
MPPACLR (p-0.012)

Suppressor n 463 580 BATCH (p<).001)
T Cells Adj. Mean 530.8 537.9 0.640 0 (p.0.014)

95% C.I. (506.8, 556.0) (516.1, 560.5) AGE (p.0.004)ALC (p-0.O0)
Cm (p').001)

B Cells n 435 561 %TCH (p<D.001)
Aj. Mean **** ALC (p-0.006)
95% C.I. **** X*** M (p.0.025)

ER(RACE (p.0.026)
GP*kPM (p.0.018)

•PaRILoP (po.o046)

Mmmcytes n 440 56 BTCH (p<D.001)
Adj. Mean **'.* 1*Y(BAUA1) (p4 D.001)
95_ C.I. **** RA (p.0.032)

RM (p-0.013)
csWK (p<D.ODl)
PAC1 (p.0.006)
GIP*OO (p0..044)

WPAWC (p.0. 010)
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TARE 19-5. (cuimdzwl)

AMjiWte Aklye fix Q'1lI SWIMe hdJOM blQL

Grcupi

Vaelable Statistic Ranch Hand Qmrperiso p-Value COwadate Remarks*

HLA-4R i 459 580 BM1~ (pcV.O01)
Cells Adj. Men *** tY(MM~t) (p0.004&)

92% C.I. =~*0 (p.0.035)

GPP*ALC (p.0045)

T4 /T n 461 577 MM~ (pM3.O01)
Ratio, MJ. mm 1.570 1.552 0.678 OOC (p0.O02D)

*Abbrevifations
BAFIM:btto-batch variation amor eamanation grci4~a
DAY(BAIM): bkood-drwv day variation
AMC current alcohol use

00C: OCc'-,ation,
GRP: gru
IfC~H: lifetime alcohol usme (drink-ymars)
PAXYR: lifetina sm*ing (pack-years)

*A*SI~ficant grout#-by-covriate interactiton-adjuste newn, confidence interval, andi
p--value not prekm~ted.
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discussion of each variable. The results of adjusted analyses with group-by-
covariate interactions are found in Table 0-1 of Appendix 0.

Total T Cells (T11 )

No significant difference was found beteen groups in the mean values of
total T cells (p-0.736). These data were analyzed without adjustment for any
covariates except batch-to-batch variation.

The data were pooled for the two groups, and the relationship with the
covariates was examined. Significant associations were found with occupation
(p-0.O05), age (p.0.002), current smoking (F<O.O01), and pack-years (p<0.001).
A marginal association (p.0.069) was found with current alcohol use due to a
steady decrease in mean counts with higher drinking levels. Officers htd a
lower mean count (1,539 cells/mm ) Ihan enlisted flyers (1,668 cElls/rn ), or
enlisted grounicrew (1,647 cell?/mm ). The mean coult decreased with age:
1,663 cells/mm , 1,582 cells/mm , and 1,404 cells/mm for those born in or
after 1942, born between 1923 and 1941, and born in or before 1922, respec-
tively. The mean count increased with increasing current smoking and
increasing lifetime smoking history (pack-years).

A general linear model was fitted to assess the group difference in mean
count of total T cells with adjustment for each covariate and any inter-
actions that made significant contributions to the model. Batch-to-batch
variation was a significant covariate (p=0.029).

A significant group-by-race interaction was found (p.0.033); Black Ranch
Hands had a sigqificantly lower adjusted mean count than Black Comparisons
(1,566 cells/mm versus 1,888 cells/mm ; p-O 039), but the group difference
for nonblacks vas not significant (p-0.619) (see Table Q-1 of Appendix Q).
The following covariates were significant: age (p.0.009), current alcohol
use (p=..O01), current smoking (p<0.O01), and a drink-year-by-pack-year
interaction (p-0. 0 15). Analyses using only Original Comparisons showed the
same results as when using the total Comparison group (see Tables 0-6 and Q-7
of Appendix 0), with a group-by-race interaction prese,.- (p.-0.028).

Helper T Cells (T4 )

No significant difference was found between groups in the mean values of
helper T cells (p.0. 6 10). This contrast was analyzed without adjustment for
any covariates except blood-draw day variation.

The data were pooled for the two groups, and the relationship with the
covariates was examined. Significant associations were found with occupation
(p.0.024), age (p<0.001), current smoking (p<9.O01), and pack-years (p<O.001).
Officers had lower mean count (831 cell.s/mm ) than enlisted flyers
(885 cells/mm ) or enlisted groundcrew (894 cells/mm3). There was decrease
in the mian count vith increasing age: 907 cells/mm , 850 cells/mm , and 713
cells/mm for those born in or after 1942, born between 1923 and 1941, and
born in or before 1922, respectively. The mean count increased with
increasing levels of current smoking and with increasing pack-years of
lifetime smoking.

1
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Adjusted analyses assessed the group difference in mean count of helper
T cells with adjustment for each covariate and any significant interactions.
Adjustment for the blood-draw day variation was iucluded. Age made a signif-
icant contribution to the model (p<0.001). The following interactions
between covariates were significant: current alcohol use-by-occupation
(p.0.008), current smoking-by-occupation (p.0.023), current alcohol use-by-
current smoking (p.0.006), and drink-years-by-pack-years (p.0.012). The
adjusted groyp difference in mean count was not significani (p.0.662):
869 cells/mm for the Ranch Hand g-oup versi i 879 cells/mu for the Compar-
ison group. Adjusted analyses using Original Comparisons (Table 0-6 of
Appendix Q) also revealed a nonsignificant group difference (p.0.835).

Suppressor T Cells (T.)

No significant difference was found between groups in the mean values of
suppressor T cells (p=0.671). This contrast was analyzed without adjustment
for any covariates except batch-to-batch variation.

The data were pooled for the two groups, rid the relationship with the
covariates was examined. Significant associations were found with occupation
(p<0.O01), age (p<0.001), and current smoking (p<0.001). The mean count for
officers was less than the mean count for enlistod grounderew, which was in
tupn less than thy mean count for en}isted flyers; the means were 492 cell.s/
mm , 540 cells/mu , and 575 cells/mu , respe~tively. The m1 an counts
deireased with increasing age: 557 cells/mm , 512 cells/mm , and 439 cells/
mm for participants born in or after 1942, born between 1923 and 1941, and
born in or before 1922, respectively. The mean counts increased with
increasing levels of current smoking. Marginally significant associations
were found with current alcohol use (p-0.058, mean T cotmts decreased vith
increasing current levels of drinking) and pack-year% (p.-0.76, mean counts
increased with increasing pack-years).

The adjusted analysis of group differences in mean count of suppressor
T cells was made with adjustment for each covariate and any interactions that
made significant contributions, including significant batch-to-batch varia-
tion (p<0.001). Significant adjusting covariates were occupation (p-0.014),
age (p-0.004), current alcohol use (p.0.020), and current smoking (p<0.001).
The adjusted group difference was not siguificant (p. 0 . 6 4 0 ).

A marginal (p.0.063) group-by-race interaction was not retained in the
final model, but was explored. Black Ranci Bands had a lower a•justed mean
count than Black Comparisons (512 cells/mm versus 649 cells/mm , p-0.056),3
whereas the difference between nynblack groups was negligible (531 cells/mm
for Ranch Hands and 532 cells/mu for Comparisons, p-0.974). Analyses
involving the Origine: Comparisons showed a significant interaction between
group and race (p.0.O10) (see Tables 0-6 and Q-7 of Appendix 0), with the
same pattern seen for the group-by-race interaction for the total Comparison
group.

B Cells

No significant difference was found between groups in the mean values of
B cells (p-0.594). This contrast was analy~ed without adjustment for any0 covariates except batch-to-batch variation.
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Significant associations using pooled data were found between B cells
and occupation (p<0.001), age (p<0.001), current alcohol use (p-0.O01),
drink-years (p.0.0 4 7 ), current smoking (p<0.001), and pack-years (p.0.005).
Officers had t lover mean covnt than enlisted f}yers and groundcrev
(166 cells/mm , 205 cells/mm , and 201 cells/mm , respectively). The mean
count decreaised with increasin, age: 206 cells/mm , 177 cells/mm , and
146 cells/,tm for those born in or after 1942, born between 1923 and 1941,
and born in or before 1922, respectively. The mean counts decreased with an
increasing number of drinks per day, and also with higher levels of total
lifetime drinking, except for the "never-drinkers," whose level was lower
than the greater than 30 to 100 drink-year group; the means for the drink-
year categories were: 0, 180 celly/mm ; greater than 0 to 5, 199 cells/mT3 ;
greater than 5 to 30, 189 cells/mm3; greater than 30 to 100, 183 cells/mm ;
and greater than 100, 150 cells/mm . The nonsmokers had a lover mean count
than current smokers, whereas among the smokers the mean counts decreased
with higher current smoking levels. The means for the different current-
smoking (cigarettes0day) categories were: 0, 166 cells/am ; greater than 0
to 20, 237 cells~mm ; greater than 20 to 40, 222 cells/mm ; and greater than
40, 202 cells/mm . Lifetime smokers had a higher mean count than "never-
smokers"; otherwise the pattern was not clear.

Adjusted analyses, including adjustment for the significant (p<0.O01)
batch-to-batch variation, were used to investigate the mean count of B cells.
Adjustment was made for each covariate and any interactions that made signif-
icant contributions. A significant group-by-race-by-occupation interactior
was found (p.0.046), along with a group-by-pack-year interaction (p.0.018).
Significant contributions were made by current alcohol use (p=O.006), an
age-by-current smoking interaction (p.0.025), and a drink-years-by-race
interaction (p.0.026).

Th.o analysis consequently was performed separately for nonblacks and
Blacks. For nonblacks, the group-by-paek-year interaction persisted
(p=0.021) (see Table Q-1 of Appendix 0). Ranch Hands who had never smoked
had a much 1iwer adjusted mean coynt than the corresponding Comparisons,
154 cells/mm versus 190 cells/mm (p=O.O0 4 ). Among smokers, the adjusted
mean count for the greater than 0 to 20 pack-year category was less for Ranch
Hands than for Comparisons. For both the greater than 20 to 40 and the
greater than 40 pack-year categories, the adjusted mean count was higher for
Ranch Hands than for Comparisons. The p-values for these three contrasts
were greater than 0.10. For Blacks, the unadjuqted group difference was not
significant •p-0.80 8 ; Ranch Hands, 186 cells/mm , versus Comparisons,
194 cells/mm ). Adjuszed means were not calculated because no covariates
made any significant contribution to an adjusted model, and moreover, adjust-
ment for batch-to-batcho variation was not possible because of the small
number of Black participants.

Other significant covariates and interactions in the adjustment for
nonblacks included occupation (p.0.047), drink-years (p<0.001), and an
age-by-current smoking inter&ction (p.0.039).

Monocytes

No significant difference was found between groups In the mean value of
monocytes (p.0.427). This contrast was analyzed without adjustment for any
covariates except blood-draw day variation.
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The data were pooled for the two groups, and the relationship with the
* covariates was examined. Significant associations were found vith race

(p.0.027), occupation (p.0.019), current drinking (p.0.0 3 1 ), dcink-years
(p<O.001), current smoking (p<0.0O1), and pack-years (p<0.001). Blaiks had a
lower mean count than nonblacks (37.1 cells/mr versus 45.7 cu1ls/mm
respectively). Officers had a lower mean count (42.3 cells/mm ) than
enlisted flyers (44.4 cel}s/mm ), who had a lover mean count than enlisted
groundcrev (48.2 cells/mm ). Higher mean counts were associated with higher
current drinking levels. There were increases in mean counts with higher
drink-years and with increasing amounts of both current and lifetime smoking.

Assessment of the group difference in mean count of monocytes was done
with adjustment for each covariate and any interactions that made significant
contributions, including blood-draw day variation.

A significant group-by-occupation interaction (p.0.044) and a
significant group-by-current alcohol use interaction (p.O.010) were found.
For interpretation, these were explored in a model including the group-by-
occupation-by-current alcohol use interaction, with the alcohol variable
discretized (see Table Q-1 of Appendix 0). Except for those men consuming
more than two to four drinks per day, Ranch Hand officers had a higher
adjusted mean jount than Comparison ?fficers, the difference being large
(44.2 cells/mm :'ersus 32.3 cells/mm ) for nondrinkers, (p.0.060). For
enlisted flyers, except those in the greater than iour drinks per day
category, Ranch Hands had a lower adjusted mean count than corresponding
Comparisons. For the greater than two to four drinks ?er day category, a
large differeýce between adjusted means (32.7 cells/mm for Ranch Hands,
56.2 cells/mm for Comparisons) vas observed (p.0.097). Further, it was
found that for enlisted groundcrew not currently drinking, Ranch Hands had a
lower adjusted mean count than the corresponding Comparisons, whereas the
Ranch Hand current drinkers had higher adjusted mean counts thfn the corre-
sponding 3Comparisons. The difference was large (68.9 cells/mm versus 35.3
cells/mu ) for the greater than four drinks per day category (p.0.003).

Significant effects on the monocyte counts were also seen for race
(p.0.032), drink-years (p.0.013), current snoking (p<O.OO1), and pack-years
(p.-O.006), Analyses using Original Comparisons revealed a significant
(p.0.040) group-by-age interaction (see Tables 0-6 and 0-7 of Appendix 0).
This was due to a lower count fr Ranch Hands than Cofparisons for those born
in or after 1942 (41.4 cells/mm versu3 48.0 cells/mu , p.0.048), a higher
count for Rancq Hands than Comparisops for those born between 1923 and 1941
(48.2 cells/mm versus 42.8 cells/mm , p-0.058), and very little difierence
for those born in or before 1922 (p.0.924).

HIA-OI Cells

No significant difference was found between groups in the mean values of
HLA-DR cells (p.0.842). This contrast was analyzed without adjustment for
any covariates except blood-draw day variation.

Significant associations were found using pooled data with occupation
(p<0.OOl), age (p.0.010), current smoking (p<O.O01), and pack-years
(p<0.001). Officers had a lower mvan count than enlisted partijipants
(526 cells/mm versus 597 cells/mm for flyers ard 598 cells/mm for ground-
crew). The average mean count was higher for younger participants than for
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older participants: 588 cells/mm3 , 557 cells/mm3 , and 555 cells/mmr3 for
those born in or after 1942, born between 1923 and 1941, and born in or
before 1922, respectively. There was a significant increase in average mean
counts with increasing levels of both current and lifetime smoking. There
was a marginally significant increase in mean cell counts with drink-years
(p-0.083).

Analyses, with adjustment for blood-draw day, each covariate, and any
interactions, were carried out to assess the group difference in mean count
of HLA-DR cells. A significant group-by-current alcohol use interaction was
found (p.0.045); for Ranch Hands drinking mory than four drinks pey day, the
adjusted mean count was greater, 564 cells/mm. versus 473 cells/mm , than for
Comparisons (p.0.0 5 2), whereas no appreciable group differences wire apparent
for the participants drinking four or fewer dyinks per day (see Table 0-1 of
Appendix 0). Significant effects were seen w.th occupation (p:.0.035),
current smoking (p<0.001), and an age-by-pack-year interaction (p-0.005).

Analyses using Original Comparisons (Table 0-6 of Appendix Q) did not
show a significant group-by-current alcohol use interaction (p.0.152), and no
significant difference between groups was observed (p.0.887).

T4 /T Ratio

No significant difference was found between groups in the mean value of
the T4 /T. ratio (p.0.499). This contrast was analyzed without adjustment for
any covariates except batch-to-batch variation.

The data were pooled for the two groups, anu the relationship with the
covariates was examined. Significant associations were found with drink- -

years (p.0.049), current smoking (p<0.0O1), and pack-years. (p.0.001). The
mean T,/T. ratio generally increased with increasing drink-years, ard
increased with increasing amounts of current smoking and total pack-years.
There was a marginally significant association with occupation (p=0.063).
Enlisted flyers had a lower average ratio than officers and enlisted
groundcrew (1.48 versus 1.62 and 1.60, respcctively).

The adjusted group differen-A in the T /T ratio was not significant
(p.0.678; Ranch Hands 1.57 versus Comparisons 1.55). Significant effects
were seen for occupation (pmO.020), current smoking (p<O.001), and batch-to-
batch vaciation (p<0.001).

In the analysis of the Original Comparisons, a significant group-by-
current smoking interaction was found (p.0.016). Further analysis showed a
significant difference between groups (Ranch Hand mean ratio of 1.84 versus
Original Comparison mean ratio ot 1.51, p-.0004), for the greater than 20 to
40 cigarettes per day category (see Tables 0-6 and 0-7 of Appendix 0).

Functional Stimulation Studies

Statistical analyses were performed on cell function responses to PHA,
FNM, and MLC. For each stimulated cell population, autologous controls were
also studied. The measurements resulting from each test were the average
counts over four samples for the stimulated cell population and for the
autologous controls. The net average count, defined as the difference
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between the average counts per minute (CPM) for the stimulated and the
* control cells, was also calulated.

Cell response data were obtained from the 1,085 immunologically tested
participants. The exclusion conditions were the same as in the previous
section, namely, participants who were taking anti-inflammatory or immuno-
suppressant medication, or who had recently experienced radiation therapy or
chemotherapy for cancer.

Review of the immunological data base by the Air Force and SIRL resulted
in certain test exclusions due to technical error, and equipTlnt malfunction,
those identified by quality control procedures (Grubbs' test ), and
unexplained outliers. For the mean cell counts per minute (CPM) analyzed for
this se-tion, a total of 17 data points were excluded as unexplained outliers
froia the data base, involving eight participants (three Ranch Hands and five
Comparisons): 1 point was invalid due to technical error in the assay for
MLC stimulated cells (Ranch Hand) and the remainder were outliers in the PWM
controls or stimulated cells (two Ranch Hand controls, 13 Comparison
controls, and one Ranch Hand stimulated cells). This meant that, for one
participant, the PVM control mean was omitted from the analysis and, for the
other seven participants, the means were calculated from fever than four
points. No unexplained-data points were found for the PHA-stimulated cells
or corresponding controls.

All analyses were adjusted for significant blood-draw day variation, and
the same covariates were used as in the adjusted analyses of the cell surface
markers. The covariates age, current smoking, pack-years, current alcohol
use, and drink-years were discretized because marginal examination shoved
generally nonlinear responses of the cell function variables with these
covariates. Thus, the p-values given in this section for the marginal asso-
ciation of the variables with each covariat, indicate the significance of the
differences among the categories defined by ae levels of the covariate.

Prior to analysis, the data were transformed to enhance normality or at
least distributional symmetry. The following transformations were used:

Variable Transformation

Unstimulated Response (PHA) logarithm

PHA Net Response none

Pokeweed Net Response square root

MLC Net Response square root

The summarized results of this section are given in Tables 19-6 through
19-8 (see Table 0-1 of Appendix 0 for results involving group-by-covariate
interactions). Only results for the unstimulated controls for the PHA assay
are presented as an assessment of the function of the immune system in the
unchallenged state. However, separate controls were run for each assay s'nce
incubation periods vary for each- test procedure. In the analysis of data on
the net response for each assay, the appropriate control was used. Analysis
of each control assay was performed, and no significant group differences
were noted.
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TABLZ 19-6.

Unadjusted Analyses for Functional
Stimulation Tests by Group

Group
Variable Statistic* Ranch Hand Comparison p-Value

Unstimulatsd n 464 584
Response (PHA) Mean 1,656 1,657 0.979

95% C.I. (1,578, 1,737) (1,589, 1,729)

PHA Net n 463 583
Response Mean 212,323 208,782 0.339

95Z C.I. (206,484, 218,161) (203,689, 213,875)

Pokeweed Net n 465 584
Response Mean 85,655 83,019 0.317

95% C.I. (81,528, 89,883) (79,467, 86,648)

MLC Net n 452 564
Response Mean 79,132 82,460 0.185

95% C.I. (75,269, 83,092) (79,010, 85,983)

*Group means and confidence intervals expressed as counts per minute (CPM).

Unstimulated Response (PHA)

No significant difference was found between groups in the mean values of
PRA unstimulated responses (p-0. 9 79 ). These control values were derived from
unstimulatud cells and reflect baseline cell function. This contrast was
analyzed without adjustment for any covariates except blood-draw day
variation.

The data were pooled for the two groups, and the relationship with the
covariates was examined. Significant associations were found with race
(p<O.O01), age (p<0.001), and drink-years (p.0.048). The average mean cnunt
for nonblacks was lower than for Blacks: 1,629 CPM and 2,210 CPM, respec-
tively. There was a strong decrease in mean count with increasing age. For
those born in or after 1942, the mean was 1,770 CPM; for those born between
1923 and 1941, the mean was 1,606 CPM; and for those born in or before 1922,
the mean count was 1,238 CPM. The mean count generally decreased with
increasing drink-years, with a maximum mean count of 1,726 CPM for non-
drinkers and a minimum mean count of 1,414 CPM for participants with greater
than 100 Irink-years. A marginally significant association was found with
occupation (p.0.086). The average mean count for officers was lower :han that
for enlisted flyers, which was in turn lower than that for enlisted ground-
crew: the means were, respectively, 1,592 CPM, 1,662 CPM, and 1,713 CPM.
This relationship with occupation was not seen with the PWM or MLC unstimu-
lated responses. Since these values were derived from the same blood
specimens and were unstimulated, this observation may represent a chance
occurrence. There was a marginally significant association with pack-years
(p-O.051); the response generally increased with increasing pack-years.
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T•E 19-8.

Adjust Mulyu fw Futncional SUmlatia Ta b7 Grp

Grt�. _cwvrlate

Variable Statistic* Ranh Bnid 0,arison p-Value Rwarks

Unstimtlated n 464 584 0.855 BATQC (p<. CM)
R;spaxso Mean 1,741 1,731 DAY (BATC) (p<h.001)
(PHA) 95% C.I. (1,595, 1,901) (1,593, 1,882) RAC (p<O. l01)

AGE (p<D00l11

PPA De n 461 581 0.233 BATCH (p4O. 031)
Response kij. Mean 193,280 188,952 DAY (BARtE) (p<0.001)

95% C.I. (176,032, 210,529) (171,889, 206,014) RA (p.0.011)
WGKX (po0.007)
M:Mz (p-0.006)

Net n 463 582 0.579 MITX (p<D.001)
Fkmied 1 eon 91,567 90,097 DAY (BEAIT) (p04.001)
P.tpnme 95% C.I. (82,189 101,451) (81,008, 99,669) RA (E (p.0.024)

,AXr (p.0.036)
ALCH (p-0.009)

Net MLC n 430 550 *** A= (p<D.001)
aspose Adj. Men **** DAY (BAIC) (p.0.001)

.L* (p-0.001)
(,P*a: (poo..046)
RM•MOK (p.0.043)

*Group mews and cofidence intervals exprssed as e onts per minute (CM).
*raup-by-coveriate interaction--adjusted mean, coflidmce interval, and p-value not

presmted.
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(The means were 1,657 CPH, 1,696 CPK, 1,519 CPM, and 1,712 CPM for 0, greater
than 0 to 20, greater than 20 to 40, and greater than 40 pack-years,
respectively.)

Adjusted analyses to assess the group difference in mean counts of PHA
controls vere performed with adjustment for each covariate and any inter-
actions that made significant contributions, including significant blood-draw
day variation. The group difference in adjusted mean count was not signif-
icant (p.0.855; Ranch Hand group mean of 1,741 CPM versus Comparison group
mean of 1,731 CPM). Race and age were significant covariates (p<0.001 for
both).

Adjusted and unadjusted analyses using the Original Comparisons (see
Tables 0-8 and 0-9 of Appendix Q) shoved similar results; i.e., no signif-
icant group difference (p.0.508, unadjusteC; p-0.613, adjusted).

PHA Net Response

No significant difference was found between groups in the mean values of
net response to PHA (p-0.339). This contrast was analyzed vithouz adjustment
for any covariates except blood-draw day variation.

The data were pooled for the two groupi and the relationship with the
covariates was examined. Significant associations were found for race
(p-.0002), age (p<0.001), current alcohol use (p<0.001), and drink-years
(p-0.002). Nonblacks had a lower net count than Blacks (208,953 CPM,
233,622 CPM, respectively). There was a steady decrease in net count vith
increasing age: the means were 217,003 CPK, 206,901 CPM, and 184,419 CPM for
those born in or after 1942, born between 1923 and 1941, and born in or
before 1922, respectively. Thoae currently drinking more than four drinks
per day had a lover mean net rount than those drinking less. The partici-
pants in the greater than 100 drink-year category had a lover mean net count
than those with fever drink-years.

Using a general linear model with adjustment for each covariate and any
significant interactions including blood-draw day variation, the adjusted
group difference was found to be not significant (p.0.233; Ranch Hand count
of 193,280 CPM versus Comparison count of 188,952 CPM). Significant contri-
butions were aade by race (p.0.011), an age-by-cuvrent smoking 4 nteraction
(p0.0007), and a current alcohol uso-by-current smoking interaction (p.0.008).

A marginally significant (p.0.057) group-by-occupation interaction was
excluded from the final model. However, this interaction was explored, and
was found to be due to a group difference among enlisced flyers (p.0.014);
the adjusted mean Ranch Hand net stimulated count was greater than that of
the Comparisons (207,050 CPM and .185,344 CPM, respectively).

Analyses using the Original Comparisons (iee Tables 0-9 and 0-10 of
Appendix Q) revealed a rignificant group-by-occupation Interaction (p.0.017),
with results similar to the Ranch Hand versus total Comparison contrast of
net counts; namely, enlisted flyer Ranch Hands had an adjusted mean count
greater than enlisted flyer Original Comparisons (p.0.003).
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Pokeveed Net Response

No significant differeitce was found between groups in the mean values of
net response to pokeweed (p.0.317). These data were analyzed without adjust-
ment for any covariates except blood-draw day variation.

Significant associations were found using the pooled group date with
drink-years (p-0.038), current smoking (p<0.O01), and pcck-years (p-0.001).
The mean count was higher for those with greater than 100 drink-years and
lover for never-drinkers, but with no pattern for the in between categories.
For both current and lifetime smoking (pack-years), there was a steay upwvrd
trend in mean counts with increasing levels of smoking.

The difference in adjusted group means was not significant: Ranch
Hands, 91,567 CPM, and Comparisons, 90,097 CPH (p.0.579). The following
interactions were significant: race-by-occupation (p.0.024), current alcohol
use-by-occupation (pz0.036), and current alcohol use-by-current smoking
(p-0.009).

Net RAasponse to MLC Stimulation

No significant difference was found between groups in tha mean response
to MLC stimulation (p.0.185). These data were analyzed withuut adjustment
for any covariates except blood-draw day variation.

The data were pooled for the two groups, &nd thn relationship with the
covariates was examined. Significant associations were found for age
(p.0.015), drink-years (p.O.008), current smoking (p<0.001), and pack-years
(p.0.015). The net mean count generally decreased vwLh increasing ago:
84,543 CPM, 72,408 CPM, and 79,081 CPM for these born in or after 1942, r
between 1923 and 1941, and in or before 1922, reipectively. The net mean
count was lowest for never-drinkers, with no cle&r pattern among the
drinkers: 66,933 CPM, 78,555 CPM, 80,713 CPH, 84,236 CPM, and 80,416 CPM for
the 0, greater than 0 to 5, greater than 5 to 30, greater than 30 to 100, and
greater than 100 drink-year categories, respectively. Tharp was a mono-
tonically increasing trend in net average count with current smoking, the
nonsmokers having a much lower value than the smokers. An equivalent pattern
was found for lifetime smoking (paick-years).

Adjusted analyses were carried out to assess the group differance in
mean counts of HLC net response, including adjustment for the significant
blood-draw day variation. A significant group by *ack-year interaction was
found (p-0.046). Never-smoking Ranch Hands had a lower adjusted mean count
(68,921 CPH) than the corresponding Comparisons (77,232 CM4) (p-0.053).
Ranch Hands in the greater than 0 to 20 pacit-year category had a lower
adjusted mean count (67,976 CPH) than the corresponding Comparisons
(74,333 CPM) (p.0.0 5 7 ). The adjusted means for the Comparisons decreased
with increasing pack-years, whereas those of the Ranth Hands generally
increased (see Table Q-1 of Appendix Q). Significant contributions were made
to the model by drink-years (p<0,001), current alcohol use (p.0.001), and a
race-by-current smoking interaction (p.0.043).
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Discussion

The performance of the phenotypic and cell stimulation studies was
monitcred daily by highly structured quality assurance techniques (see
Chapter 6). This resulted in a remarkably error-free data set, in contrast
to the immunologic tests at the Baseline study that required the assistance
of a review group to determine which data were appropriate for analysis. The
finding of significant blood-draw day and batch-to-batch variation at the
follovup exam!nation was judged to be totally normal and inherent within the
test procedures; only a few data points within specific variables were
omitted because of outlying values. The unique ase of a "batch" variable for
adjustment oC all the pheaotypic and stimulation studies permitted unadjusted
and covariate-adjust*d group contrasts while controlling for inherent
laboratory variation.

All unadjusted and adjusted analyses (without group interactions) showed
no significant group differences. Analysis of MLC revealed a group-by-pack-
year of smoking interaction with lower counts in the Ranch Hand group than in
the Comparison group for 0 and greater than 0 to 20 pack-year categories.
Despite differences in the quality of Baseline and follovup results, slight
changes in cohort numbers, and different mathematical models, there was
remarkable concordance in the iumunologic results of both examinations, both
for the dependent variables and for the -ffects of the covariates. No
judgment of adverse immunologic competence was made for any variable, or sets
of variables, or in substrata examined because of group-by-covariate inter-
actions for the cell surface marker and cell stimulation studies.

, EXPOSURE IMUI ANALYSES

Within each occupationol category, exposure index analyses were
conducted to assess possible dose-response relationships (see details in
Chapter 8). Analyses were performed for the cell surface marker variables
(total T cells, helper T cells, suppressor T tells, B cells, monocytes,
HLA-DR calls, and the T4/T. ratio) and for the functional stimulation tests
(the control counts per amnute for the PHA test, and the net PHA, PYM, and
MLC counts per minute). Analyses were not done for the skin test responses.

Unadjusted and adjusted analyses were performed using general linear
models RExposure index-by-covariate interactions were wnplored in the
adjusted analyses. Covariates were age, race,, currtnt and lifetime alcohol
use (drink-years), and current and lifetime cigarette smoking (pack-years).
For each analysis, an overall test was made of the differences ameng the
means corresponding to the low, medium, and high exposure insdex levels.
Mediun vers's low and high versus low contrasts of means were also mede.

Results ot the adjusted analysec are presented in Table 19-9 for cell
surface markers and 19-10 for functional stimulation tests. Parallel results
of unadjusted anilysms cre givcn in Tables 0-2 and 0-3, Appendix 0. Results
of eixposure index--by-covariale interactions are also given in Table 0-4 of
Appendix 0.
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Cell Surface Markers

Unadjusted analyses revealed very fey significant results. Among
enlisted groundcrev, the medium exposure level had a significaptly lober mean
total T cell c~unt than the low exposure level (1,555 cells/rm versus
1,759 cells/mm , p'.0.032), and the high exposure level mean yas marginall,"
sinificantly (p-0.091) lver than the loy exposure level mean (1,386 cells/
me versus 1,759 cells/-- ). Suppressor T cells, for enlisted grounderev in
the lov exposure level, were marginally significantly higher than in the
medium or high exposire levels (575.5, 502.3, 503.5 cells/mr , respective]ys
smdium versus lav, p.0.063, high versus lov, p-0.097). For enlisted flyers,
the trends vith exposure level vere steadily dovnvards for total T cells,
helper T cells, B cells, and the T /T6 ratio, and upwards for suppressor T
cells and monocytes, but no coatrasts were significant.

Adjusted analyses revealed marginMlly significant differences among
exposure levels of enlisted grounderev for total T cells (p.0.068) and
suppressor T cells (p.0.088). For both total and suppressor T cells, the
mans for the sedium and high exposure levels vere such lover than those of
the lob axposu~e level. For total T ceols, the adjusted means veryt low,
1,737 cells/mm ; medium, 1,533 cells/ms ; and high, 1,558 cells/rn (medium
versus levi p-0.029, high versus 1ovb p-0.095). For suppressor T cells,
the adjusted means vtre: lob, 558.6 cells/rn ; meeium, 480.8 cells/rn ; and
high, 483.7 cells/mr (medium versus boy p.0.044, high versus boy p-0.081).
A similar but less marked pattern was seen for helper T ealls.

In summary, there vya no consistent evidenca of any significant dose-
response pattern in an occupational category. For the enlisted flyer cohort,
six of the seven variables revealed nonsignificant dose-response trends in
the unadjusted analyses, but only tvo trends persisted after adjustment by-
the covariates.

Functional Stimulation Tests

Sxposure index analyses vere performed on PRA unstimulated responses,
and net PEA, PVM, and MLC counts. For officers, the unadjusted mean PEA
unstimulated response courts varied significantly among exposure levels
(p-0.047). The mans vere 1,705 CPM, 1,428 CPM, and 1,809 CPH, respectively,
for 1oy, medium, and high exposure levels (medium versus '.ov: p.o0.071, high
vecsus love p-0.557). The PuN net count for enlisted flyers vas signif-
ictntly lover for the high versus the low exposure levels (55,480 CPH versus
92,847 CIP, p.0.011). The PIA net count had a dovnvard trend vith increasing
exposure level for enlisted groundcrev. The NI4 net count for officers had
an increasing trenO, !ut there vas no statistically significant difference
among exposure levels.

In the adjusted analyses, officers had a significant exposure index-by-
drink-year interaction (p-O.011) for PRA controls, and an exposure index-by-
age interaction for the PRA net count (pO.003) (see Table 19-11 for a
summary of these interactions). Although the numbers vere small, the high
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TABLE 19-11.

Sumry of Exposure Index by Covariate
Interactions for Functiomal Stimulation Tests

Variable Occupation Covariate p-Value

Unstimulated Officer Drink-years 0.011
Response (PHA)

PEA Net Officer Age 0.003
Response

exposure-level nondrinking officers had a lover metin PHA control count then
the low exposure level (1,557 CPM versus 3,273 CPYK, p=0.031), and the high
exposure level officers with more than 100 drink-years had a higher PKA
control count than the corresponding low exposure group (6,700 CPH versus
1,983 .:PN, p-0.049). Officers born in or after 1942 had a lover PHA net
cou.tt in the medium exposure level as contrastch with the low exposure level
(153,534 CPH versus 261,397 CPM, p0.002).

Other adjusted analyses revealed that e'Alisted flyers had a lover 1T4H
net count !n the high exposure level as comr~red to the low exposure level
(111,772 CPM versus 173,897 CPN, p-0.014), as in the unadjuvted analysis.

*Enlisted groundcrev in the medium exposure level also had a marginally
eiignificantly higher KLC net count as comwiared to the loy exposure level
(70,159 CPM versus 61,403 CPM, p-0.097).

In summary, there was no evidence for a strong dose-response relation-
sh!p, but there was a trend for declining PVM and HLC net counts for enlisted
flyers with increasing eyposure level.

SKIM TESTI ESULTS

General

Four skin test antigens, sumps, Cand'da albicans, Trichophyton, and
staph-ph-ge-lysate, were intradermall-yad'Tnis-tered to 76 percent (1,759) of
the participants on the first day of the examination. Skin tests were not
given to the remaining 24 percent of the population because they had been
selected to give blood for the immunological tests on the second day of their
examinstion. Candida albicans and Trichophyton tests were administered
(0.1 ml) at a 1:10*0weight/volume dilution because of clinical concern that
a 1:100 or higher concentration might induce significant skin reactions and
cause morbidity in the active pilot population. Mumps was given at a dose of
2 complemeni-fixing units, and staph-phage-lysate was administered ft a dose
of C-9 x 10 colony-forming units of Staph. aureus and 0.5 - 5 x 10
bacteriaphage plaque-formiug units.
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Three experienced technicians from the SCRF Allergy Division measured
the size of both induration and skin erythema by the "pen method" at 24 and
48 hours after administration. Each reader was required to measure the skin
reactions by a millimeter rultr and record length and breadth measurenents at
each of the four sites, refer exaggerated reactions to a-a allergist, collect
medication use data, and sign the data form. The skin cest data were
interpreted 1y defined criteria, as given in Table 19-12. Other categories
included: impairment noted, clinical correlation required; normal (versus
abnormal) results; with medications noted; and refusinl.

Of the 1,759 participants vith skin tests, 269 were excluded from the
analyses for the following vecsons: 205 due to mis~ming reader signature or
failure of the participant to report for the 48-hovr reading; 58 because of
immunosuppressive medication, cancer chemotherapy, or x-ray therapy; 3 for
impaired hypersensitivity requiring more tests; and 3 due to refusal.
Readings at 24 hours were not analyzed since these readings occurred prio •o
peak response to the antigens.

Statistical Analyses and Interpretations

The iritial analytical intent was to test Ranch Hand-Comparison group
differences in skin test response by standard models, using both discrete and
continuous data. In the preanalysis of the continuously distributed data
dlength by vidth measurement of the skin reactions), there vas a suggestion
of profound reader variation. This observation generated a series of
contrasts between the readers prior to group testing.

Figures 19-1 through 19-6 show contrasts of the three skin test readers
from the tests of mumps and Trichophyton. Each graph shovs the individual
plots of the 48-hour induration square area measurement versus the 48-hour

TABLE 19-12.

Clinical Interpretation Categories of
Skin Test Results by Specific Measurement

Criteria at SCF

Clinical Interpretation Category Measurement Criteria

Normal (Delayed Cutaneous Length (L) induration @ 48 Hrs ý10 mm
Hypersensitivity Intact) Width (V) induration @ 48 Hrs • 10 mm

on any one of four skin tests

Probably Normal (Probably Intact L induration @ 48 Hrs > 5-<10 m
Delayed Cutaneous V inouration @ 48 Hrs ý 5-<10 mm
Hypersensitivity) on any one of four skin tests

Possibly Anergic L, W induration or erythema @ 48 Hrs
>0-<5 mm on any one or more of four
skin tests

Anergic L and W, induration at 48 hrs - 0 on
all skin tests.
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squarw area erythema measurement by specific skin test and reader. These
* neawurements a:. presented in log units to centralize the outlying values.

These analyses vere done because the size of induration rarely exceeds the
size of the erythema reaction. Thus, each of the depicted graphs shovs a
line of values vith the sizes of erythema equal to the size of induration;
this line, and all values on, or to the lover right of the line, are labeled
"clinically acceptable" values. All values above anc, to the left of the
line, deemed "clinically unacceptable," are probably due to hurried measure-
ments by inspection (rather than the pan method) or recording errors.

These figures demonstrated a marked difference in the occurrence of
clinically unacceptable risults betveen readers for comparable tests. Spe-
cifically, Reader 2's measurements revealed a higher proportion of clinically
unacceptable results than those observed vith Readers 1 and 3. Further, the
graphs supported some variation in the clinically acceptable measurement
values betveen Reader 1 and Reader 3. Because of these discordances, further
analyses of the continuously distributed data vere abandoned in favor of
discretized analyses.

Categorical analyses vere conducted on tvo parameters of the skin
testing results, the area measurement relationship of induration to erythema,
and the clinical interpretation of the skin test readings. Each of the three
readers vas compared for 48-hour measurements on the same skin test, cate-
gorizing the induration-erythema relationship as (1) Induration (1) equals
Erythema (2) (both values equal to zero), (2) 3 greater than I, (3) I equals
E, and (4) I greater than R. As previously noted, only the category of I
greater than 3 vas judged clinically unacceptable. An antlysis of these four
categories, by reader, for each of the four skin tests, shoved a profound
statistical difference (pWO.O01) betveen the readers for all four skin tests.
An average of the percentages for each category by reader is shovr in Table
19-13, exemplifying the marked differences (a p-value is inappropriate due to
the averaging).

TABIZ 19-13.

Induration Rrythtma Ielationships in Average
Percentage Over Pour Skin Tests, by Reader

In Percent

Reader I-.BZero* DI Ing 1>9

1 26.2 53.9 19.8 0.1

2 7.0 42.3 20.7 30.0

3 24.1 ,35.4 39.6 0.9

*I Induration
* 3:lrythena
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These data ahoy marked reader differences for the category I greater
than K. The magnitude of clinically unacceptable results (30.O on the
average for four skin tests) for Reader 2 (visusally sOvn in Figures 19-3 and
19-4) strongly suggested that this entire'data set vaL invalid. Further, the
data pattern from Reader 2 vas shown to be uniform over time, confirming the
existence of a consistent bias. In this light, the existence and magnitude
of a reverse error for Reader 2, i.e., misreadings of I equals K equals 0, 9
greater than I, and I equals 1, seen plausible, but unestimable. Of these
three categories, I equals K equals 0 is the most clinically important
(suggesting energy), and Table 19-13 provides clear evidence of a negative
bias, vith Readers 1 and 3 shoving over three times more average detection of
energy than Reader 2. Also of interest in Table 19-1.3 are the substantial
differences in the categories 9 greater than I and I equals E for Readers 1
and 3. Analyses of the four skin tests by erythema--induration relationships
shoved statistically significant differences bevean Readers 1 and 3 for all
four tests (p<O.001 for sumps, Candida albicans, and Trichophyton, and
p-0.036 for staph-phage-lysate).

The decision to remove Reader 2 data from subsequent analysis yas agreed
to by all the Principal Investigatorm, recognizing the minimal role of
erythema as a contemporary indicator of energy. This decision vas based on
the concern that in etror in erythema measurement likely indicated an error
in measurement of induration (the predominant indicator of energy).

In preparation for the ar~alysis of group data remaining from Readers I
and 3, it mas noted that the clinical interpretations (see Table 19-12) from
these valid readings vere inc~onsistent over time of the study. Specifically,
80 percent of relative energy and energy occurred in the first 10 of 81
groups of participants (or 2 1/2 months of the 9-month examination period).
Further, the proportion of diagnoses of energy betveen the allergists yes
disproportionate. The value of these analyses vas therefore reduced.

SUMAY AND CONCLUSIONS

Inimologic comp~tence yas measured by cell surfice marker (phenotypic)
studies and cell stimulation studies on 47 percent of the study population,
and by a four antigen series of skin tests in 76 percent of participants to
assess the delayed hypirsensitivity response. Table 19-14 summarizes the
results of all unadjusted and adjusted analyses on 11 primary variables
spamning the first tvo of these three functional areas.

Cell surface marker studies vere conducted for total T cells (T11 ),
helper T cells (T.), suppressor T cells (TO), B cells, monocytes, ani HLA-DR
cells; the ratio of T /T cells was included in the analysis. Because of
inherent significant cuay!to-day and batch-to-batch variation, all results
(including functional stimulation studies) vere adjusted for blood-dray day
variation. Statistical testing of the seven phenotypic cell markers did not
reveal any significant group differences (interactions excepted), either
unadjusted or adjusted for the covariates of age, race, occupation, current
smoking, lifetime smoking history (pack-years), current alcohol use, or
lifetime alcohol use (drink-years). Similarly, none of the unadjusted or
adjusted analyses of the functional stimulation studies (for phyto-
hemagglutinin, pokeveed mitogen, or mixed lymphocyte culture) shoved any
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TABLE 19-14.

SOverall Summary Resilts
of Unadjusted and Adjusted

Analyses of Immunological Variables

Variable Unadjuxted AiJusted

Total T Cells (T1 1 ) HS
Helper T Cells (TN) KS NS
Suppressor T Cells (TI) NS NS
B Cells HS
Nonocytes us
ILA-DR Cells NS
T4!To Ratio NS NS

Un3timulated Response (PaA) NS NS
PHA Net Response NS NS
Pokeveed Net Response KS NS
KLC Net Response N13

NS:Not significant (p>O.lO).
****Significant group-by-co'ariate interaction.

statistically significant group differences. However, the adjusted analyses
for total T calls, B cells, monocytes, IUA-D cells, pokeweed mitolren, and
net mixed lymphocyte culture stimulation shoved some significant group-by--
covariate interactions, precluding direct adjusted group conmtramts. Overall,
no discernible pattern vas identified to suuest a detriment in any subgroup
of either the Ranch Hands or Comparisons. Results ver* similar between the
analyses of the total Comparison group .and the analyses of the Original
Comparisons.

The covariate effects of age, race, smoking, and alcohol use were
generally profound on most variables in the phenotypic and stimulation
studies. Consistently decrasing values of all cell markers and stimulated
cells vere associated vith increasing age, whereas increased levels of
smoking were usually associrled ritt increases in the values of those
variables. Blacks had consistently higher stimulated cell counts than
nonblacks, but this effect was not observed for counts of T cells, B cells,
or HIA-DR cells. Enlisted personnel generally had higher cell surface marker
courts than officers.

Exposure index analyses of cell surface markers revealed no pattern
consistent vith a dose-response relationzhip. For enlisted g.-undcrev, the
mean total T cell and suppressor T cell counts for the medium exposure level
vwre significantly lover than those of the low exposure level, but were
slightly lower than those of the high exposure level. The exposure index
*•aalyses of the functional stimulation tests revealed no consistent signif-
icant dose-response patterns for net P•A counts or net NLC counts. For net
pokevead counts, enlisted flyers in the high exposure level had a signifi-
cantly, lover adjusted count than enlisted flyers in the lov exposure level,
and a dlecreasing trend vas apparent.
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The delQyed hypersensitivity response yas assessed by the a.in test
antigens of mumps, Crndida hlbicans, Trichophyton, ".ne staph-phage-lysate.
The 48-hour moasurements of skin induration and erytheLa for the four testd
shoved marked inter-reader variation. Analyses shoved that one of the three
skin test readers too often measured induration larger than erytherna (a
clinically unacceptable finding), in an average of 30 percent of the
readings, and did not yield measureLants that detected a case of possible or
overt energy, vhereax the other tvo readers found this condition in 5.6 per-
cent of the participants. Remaining data fxom Readers 1 and 3, hovever, vere
found to vary signJficantly in clinical intezpretation over duration of the
examination. Consequently, all skin test data were declared invalid, and
were not used in the assessment of group differences. The skin test reading
problems led to the use of additional clinical quality control procedures for
the A]HS follovup examination begun in May 1987.

In conciusion, rio significant group differences vyre judged present for
the comprehensive cell surface marker or functional stimulation studies. The
profound effects of age, smoking, and alcohol use vere observed in theze
imunologic tests. The assessment of delayed hypersensitivity skin resxonses
vas precluded by poor data quality and excluded from further analysis.
Overall, there vas no indicat~ion of impaired immunologic competence in either
group.

1
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PULNOKAZY DISKASM

INTIODUCTIOK

Pulmonary dysfunction and overt pulmonary disease are not e•cognized
clinical -atities resulting from exposure to chlorophenols oc TCDD.

Acute expozure to chlorophenols, phenoxy herbicides, aud TCDD, have
caused the traditional acute symptoms of cough, nasal/lung irritation,
shortness of breath, and, occasionally, bronchitis. These symptom have been
noted almost exclusively in industrial vorkers ani not in individuals
experiencing casual contact. Long-term sequelae arising from the acute
symptom stage in ill individuals have not betui generally knovn because of
minimal follovup and surveillance of the pulmonary symptoms.

Only one contemporary morbidity study has attributed pulmonary
dysfunction to phenoxy herbicide and TCDD exposure. The percent abnormal
pulmonary parameters of forced expiratory volume (FEy), forced vital capacity
(IVC), forced expiratory volume in one second (FEV )/FVC ratio, and forced
midexpiratory flow rate (1373 ) were significantly higher in exposed
workers who currently smoke, ?ianIn nonexposed workers vho smoke. In
considerable contrast, these test parameters were essentially equal in
nonsmokers and former smokers of both the exposed and z.tr,,exposed groups. The
effect of current smoking persisted after a logistic regression analysis
adjusting for pack-years of cigarette smoking. Adjusted means of the test
parameters FEV, FVC, and FEV /FVC also shoved significant differences for
current smokers but not for nonsmokers or former smokers.

As with other nonclassical clinical endpoints, prior investigators
perhaps undervalued the incorporation of pulmonary disease and function into
their study protocols.

Further, due to the profound effect of smoking on pulmonary function,
great emphasis must be placed in the collection of highly accurate, detailed,
and validated smoking data as an adjustment variable, a process that is not
straightforvard in today's environment of antismoking.

The only recent data comparable to this study fre found in the 1984 AFPS
Baseline Morbidity Report, vhich is reviewed beiov.

Baseline Summary Results

The 1982 Baseline examination explored historical pulmonary disease by
questionnaire and active pulmonary function by standardized spirometric tech-
nique at the physical examination. These areas were of significant interest
because of routine operational inhalation of Herbicide Orange by all Ranch
Hand flying crewmen as well as ground maintenance personnel (Baseline Report
Chapter 1, Buckingham).
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The questionnaire revealed no group differences for historical diagnoses
of tuberculosis and fungal infections, pneumonia, cancer, or chronic sinusitis
and upper respiratory disease. At the physical examination the unadjusted
means for FEV, (percent predicieu), FVC, and the FEV .1!C ratK_ were almost
identical between the Ranch Bands and Comparisons. idjusted mean values were
nct calculated due to. significant interactions (age, group, and pulmonary
function for FEV1 and FVC; smoking with FEV1 /FVC).

Detailed exposure analyses shoved two significant associations in the
enlisted flyer and enlisted groundcrev strata, but neither was indicative of
linear dose response. Attempts to adjust the means of the pulmonary function
values for age and smoking revealed several interactions, but essentially
negative results.

Overall, there were no pulmonary disease or pulmonary func'ion data or
associations of concern.

Parameters of the 1985 Pulmonary Examination

Because of the essentially negative pulmonary analyses from the Baseline
examination, pulmonary function (spirometric) studies were not performed
during the first followup examination. Collection of pulmonary data was
limited to a questionnaire history of respiratory disease, physical examina-
tion of the thorax and lungs, and pulmonary abnormalities detected on a rou-
tine chest x ray.

Thus, the data analyses consist of group assessments of respiratory dis-
ease iacidence, physical examination abnormalities, and the cirrent prevalence
of x-ray abnormalities. Covariate adjustments are made for age and smoking
(yes, no, former, Lnd pack-years). Minor numeric differences in the tables
are due to rare missing dependent variable or covariable data. The analyses
are based on 1,016 Ranch Hands and 1,293 Comparisons. No exclusions based on
clinical conditions were made

Mortality due to respiratory disease, as of 31 December 1985, in the
Ranch Hand and the 1:5 matched Comparison cohort is summarized. Morbidity
data are analyzee using linear and loglinear modeis.

RESULTS AND DISCUSSION

Mortality Experience

The mortality of the Ranch Hand and Comparison groups through 31 December
1985 was evaluated. There were seven deaths from respiratory system
conditions in the Comparison group and none in the Ranch Hand group. This
analysis was based on the 1:5 Ranch Hand to Comparison mortality study
cohorts. Two of these deaths were Comparison flying officers, three were
enlisted flyers, and the remaining two were enlisted grounderew.

Unadjusted Morbidity Analyses

Analyses were performed on the history of respiratory illnesses as pro- 4
vided by the participants during the physical examination. The results of the
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* radiological and clinical examination of the lungs and chest were also
analyzed. These unadjusted analyses are summarized in Tables 20-1 and 20-2.

As shown, nn significant group differtnces were observed for history of
asthma, bronchitis, pleurisy, pneumonia, or tuberculosis. Similar non-
significant results were found in the evaluation of the clinical variables.

Parallel analyses were conducted using data from thn Original Compar-
isons, with comparable results (Appendix R, Table R-1).

Adjusted Morbidity Analyses

Statistical adjustment for the effects of age and lifetime smoking did
not alter the findings of group similarity seen in the unadjusted analyses.
Lifetime smoking was categorized as nonsmoking (0 pack-years), moderate
(greater than 0 to 10 pack-years) and heavy (greater than 10 pack-years).
These results are shown in Table 20-3.

Lifetime smoking consistently exerts significant effects on nearly all
historical illness and clinical examination variables, and agc was an impor-
tant factor for the history of pneumonia and the clinical assessment of thorax
and lungs (representing an overall clinical assessment of normality/
abnormality in the respiratory system), chest asymmetry, the presence of
hyperresonance, rales, and the presence of x-ray abnormality.

There were significant or borderline sigxaificL, t group-by-pack-year
interactions in analyses of a history of pleurisy and tuberculosis, for the
presence of rales on examination, and for x-ray abnormality. There was also
an interaction for asthma of borderline significance (p.0.068). A significant
group-by-age interaction was seen for the presence of rales. The results of
a"-lyses stratified to clarify these interactions are shown in Table 20-4.

Nonsmoking Ranch Hands had signifl.cantly more ast ma (p=0.050) than their
nonsmoking Comparisons, while the history of asthma was not significantly
different in either category of smokers. Pleurisy was significantly more
frequent in moderately smoking Ranch Hands (p.0.0001), but bordered on being
significantly increased in heavily smoking Comparisons (p.0.060). Analyses of
a history of tuberculosi3 and the presence of rales was hampered by small
numbers of cases in both groups (a total of 13 cases). The presence of
several cells containing zeros makes interpretation of these analyses
extremely difficult. Except in those strata with zero cells, no statistical
significance was noted. In the maalysis of x-ray abnormalities, the
nonsmoking Ranch Hands had significantly less abnormality (p.0.C30) than the
nonsmoking Comparisons. Analyses of other strata did not reveal any
significant group differences.

These adjusted analyses were performed on data from the Crig~nal
Comparisons, with similar results (see Tables 20-2 and 20-3).

EXPOSURE ANALYSES

The pulmonary data from the Ranch Hands were analyzed using the exposure9 index as a covariate (categorized as high, medium, or lov within each occupa-
tional stratum). The percent abnormality at each level of exposure for each
clirical or historical variable is presented in Tables 20-5, 20-6, and 20-7.
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TABLE 20-3.

Adjusted Analyses of Respiratory Variables by Group*

Group

Ranch Compar-
Hand ison Adj. Relative Covariate

Variable Total Total Risk (95% C.I.) p-Value Remarks**

Asthma 1,012 1,290 1.16 (0.76,1.75) 0.57 PACKYR (p-0.0 2 3 )
GRP*PACKYR
(Borderline: p-0.068)

Bronchitis 1,011 1,290 0.97 (0.76,1.25) 0.83 None

Pleurisy 1,012 1,289 GRP*PACKYR
(p.0.0026)

Pneumonia 1,012 1,289 1.02 (0.82,1.26) 0.93 AGE (p.0.O001)

Tuberculosis 1,011 1,290 GRP*PACKYR
(p= 0 . 0 3 4 )

Thorax and 1,011 1,291 1,27 (0.87,1.84) 0.19 AGE (p<0.0001)
Lungs PACKYR (p<0.001)

Asymmetrical 1,011 1,291 0.81 (0.14,4.85) 0.35 AGE*PACKYR
Expiration (p.0.036)

Hyperresonance 1,011 1,291 1.04 (0.63,1.73) 0.80 AGE (p<0.OO1)
PACKYR (p<0.0001)

Dullness 1,011 1,291 2.56 (0.31,17.66) 0.47 None

Wheezes 1,011 1,291 1.46 (0.80,2.64) 0.22 PACKYR (p<0.0 00 1)

Rales 1,011 1,291 **** *AGH (p.0.046)
GRP*PACKYR
(Borderline: p.0.070)
AGE*PACKYR
(Borderline: p-O. 0 9 0)

X Ray 1,0C& 1,287 0.85 (0.65,1.11) 0.22 AGE (p<0.O001)
PACKYR (p.0.0019)
GRP*PAQCYR
(Borderline:.p-0.060)

*Group-by-covariate interactions are described in Table 20-4.

**Abbreviations

PACKYR: Lifetime smoking history (pack-years)
GRP: Group

****Gzoup-by-covariate interaction--relative risk, confidence interval, and
p-valuc not presented.
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Tvo sets of analyes vere performed on enlisted groundcrev data. In the
first set of analyses, all three year-of-birth categories (born after 1942,
born between 1922 and 1942, born before 1922) vere used. In the second set of
analyses, only those born betveen 9.922 and 1942 and after 1942 vere used,
since only one enlisted groundcrew Ranch Hand was born before 1922. All
testing results in the two sets of analyses vere the same, except for the
asthma-by-age interaction shown in Table 20-6.

Each of the dependent variable-by-exposure category interactions are
note* by occupation category in Appendix R, Tables R-4 through R-18. These
data are considered too sparse for meaningful interpretation.

suuAi MA o CWSI(US

A summary of the results on the analyses of reported history of
respiratory illness and of radiological and clinical findings is given in
Table 20-8.

Based on the 31 December 1986 mortality datr, there were seven deaths
from respiratory conditions in the Comparison group and none in the Ranch Hand
group.
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TAsLE 20-8.

Overall Sumary Results of Unadjusted and
Adjusted Analyses of Pulmonary Ltseese

Pulmonary Disease Unadjusted Adjusted

Reported History of
Respiratory Illness

Asthma NS NS
Bronchi t:is NS NS
Pleurisy NS
Pneumonis, NS NS
Tuberculosis NS

Radiological and
Clinical Findings

Thorr.x and Lungs NS NS
Asy etrical Expiration NS NS
Hyperresonance NS NS
Dullness NS NS
Wheezes NS NS
Rales NS
X R.a NS NS

NS: Not significant (p>0.10)
****Group-by-covariate interact on.

There vere no group differences found for reported history of asthma,
bronchitis, pleurisy, or tuberculosis based on the unadjusted analyses.
Adjustments for age and lifetime smoking did not alter the findings of group
siiilarity, although there vas a significant group-by-pack-year interaction
for pleurisy and for tuberculosis.

Similarly, there vere no significant group differences in the unadjusted
analyses for the radiological and clinical respiratory findings of t 'orax and
lungs, asymmetrical expiration, hyperresonance, dullness, vhesses, rules, and
x-ray interpretations. These findings vere supported by the adjusted
analyses, although there vas a group-by-age interaction for rales.

The exposure index analyses revealed no consistent dose-response pattern.

Analyses of past history of respiratory illness and the clinical a I
radiological examination of the chest and lungs did not reveal any statisti-
rally significant differences betveen the Ranch Hand and Comparison groups
suggestive of herbicide related disease. Several group-by-covariate interac-
tions did exhibit statistical significance, but thase findings did not indi-
cate any consistent patterns suggesting different disease experience in the
tvo groups.
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INT"•RPREIVE CONSIDERATIOMS

This chapter reviews several scientific issues that should be considered
vhen attempting to reach conclusions on a study of this size and complexity.
These issues are critical to the interpretation of the data analyses in this
report. Data patterns observed in many clinical chapters of this report are
also summarized so that hypothesis testing of group differences may be placed
in better perspective.

DIOXIN DIPOINTS

Based upon data in this report, final conclusions on herbicide causality
must consider restilts of the various clinical areas, reflected in the sepa-
rate chapters. Each chapter introduction has attempted to highlight the
major organ systems that are knovn or suspected to be significantly affected
by the ingredients of Agent Orange vith particular emphasis on the effects of
dioxin. Categories of clinical endpoints and their generally accepted degree
of association vith dioxin are presented in Table 21-1. These associations
are based on the scientific literature.

TABLE 21-1.

Summary Associations of Adverse Health Effects to
TCOD Exposure Reported in the Literature

Degree of Association by Clinical Chapter

Negative or
Confirmed Highly Suspected Moderately Suspected Veakly Suspected

Dermatology Malignancy General Health Psychology
Neurology Immunology Cardiovascular
Hepatic Hematology

Endocrine
Renal
Pulmonary

It is recognized that alternative conclusions based on these patterns of
association are possible vithin the framework of current knovledge, partic-
ularly for the highly and moderately suspected areas (malignancy, general
health, immunology). However, for illustrative purposes, two extremes are
presented: multiple adverse findings in the Ranch Hand group for the areas
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of dermatology, neurology, hepatic (discussed in Chapter 13), and .near
would suggest a case for TCDD causality, whereas multiple adverse findings in
the weakly suspected areas, and not in any of the confirmed areas, would be
difficult to ascribe to an overall TCDD causation.

The aspects of biological plausibility and specificity require balanced
interpretation across clinical chapters, with careful attention placed on
nonsignificant findings as well as significant findings. The chapters in
this report should be viewed as artificial boundaries for convenience of
presentation, and should not discourage consideration of their relatedness,
or of the individual variables within them.

Approximately 600 exposure index analyses have been conducted in this
study, underscoring attempts to associate increasing proportions of various
abnormalities to estimates of increasing exposure.

To determine whether the results of the exposure analyses varied by
chance, several perspectives were taken. Of the 255 adjusted exposure
analyses (excluding 39 with interactions), 13 were statistically significant,
a figure which is the expected number (based on a -0.05). It is recognised
that this contrast is a crude yardstick, considering the relatedness of the
dependent variables, statistical powcr, disproportionate representation of
chapter variables, and the presence of interactions. The six possible
patterns of exposure response (increasing, decreasing, V-.shaped with fewer
abnormalities at the low exposure level than the high exposure level,
V-shaped with more abnormalities at the low exposure level than at the high
exposure level, inverted V-shaped with fever abnormalities at the low
exposure level than the high exposuze level, and inverted V-shaped with more
abnormalities at the low exposure level than at the high exposure level) were
tabulated (regardless of statistical significance) for the clinical chapters
of dermatology, neurology, psychology, and renal. As noted in Table 21-1,
two of these chapters contain clinical variables that have had confirmed
associations to TCDD exposure, and two chapters have had negative or weakly
suspected associations to TCDD. Of the 126 exposure analysem in these four
chapters, 21 (or one-sixth) showed the primary pattern of interest, an
increase-exactly the number expecte". Taken together, these analyses
suggest that statistically significant exposure analyses may.have occurred
due to chance among the data set, and that the pattern of dose-response may
also have been random. These inferences, or that the exposure index was
unrelated to actual exposure, together with the acknowledged limitations of
the ekposure index, indicate that estimated exposure may only be weakly
relied upon to assert a causal relationship. Based upon the current exposure
index calculations, either of the above inferential alternatives is possible.

The use of serum dioxin levels (see Chapter 23, Future Directions) in
the next report will clarify the exposure calculations of this report and the
Baseline Report. Thus, from an interpretive context, final conclusions on
dose-response, and the implications to herbicide causation are based on
current knowledge available for this report. These conclusions could change
with future analyses using a factual exposure concept.

2
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TYPES OF NEASURMENTS

This report includes all types of measures tradicionally used in
morbidity follovup epidemiologic studies, e.g., self-reports, structured
interview responses, medical record data, physician findings, scalar measure-
ments, biopsy results, laboratory determinations, morbidity indices, and
mortality results. At many points in this report, various terms have been
used to qualitatively describe the data and analyses arising from the
measurement processes. In particular, the terms "subjective," "objective,"
"continuous," and "categorical," and "constructed indices" have been used to
connote differences in data or data sets that are i mportant in making
statements of inference.

From the perspective of the Study Protocol, Aignificant group differ-
ences for subjective hIstocrical variables, not mirrored by significant group
differences in medical record findings or physician/laboratory testing, may
be viewed as prelim~n;*ry evidence of over-reporting by a group. The opposite
finding of significant group differences for physical examination variables
in the absence of reported symptoms may support the primary conclusion of
significant subclinical group differences. Either of these alternatives may
greatly affect an overall inference of herbicide cauaality. Hence, the
descriptive phrases "subjective data" and "objective data" have not been used
as valuc judgments of the vorth of the data, but simply as inferential
qualifiers.

This report contains numerous comments on the differences in results
oetveen analyses of continuous versus categorical data from the same variable
(exclusively laboratory data). Because the statistical power is stronger for
detecting mean shifts than categorical differences, it vas anticipated that
very small mean shifts might be more easily discerned than differences in
proportions of abnormalities betveen the tvo groups. Both methods of
examining the data reveal important aspects of the distribution. Infer-
entially, when both types of analyses were dons, greater weight has been
given to significant group differences when analyses of both data forms
agree. Lesser weight vas given to significant differences seen in only one
analysis, and letst weight to significant shifts in means if both group means
were within normal range, and the mean difference was not supported by other
statistical findings in related variables (e.g., hepatic test battery).
Consistent patterns of findings vitbin an organ system, or between related
organ systems, is required to strongly suggest an inference of causality.

Several summary indices were constructed in this report, e.g.,
dermatology index, cranial nerve function index, and anatomic categories of
abnormal peripheral pulse", and are similar to some indices in the 1984
Baseline Report. They vere formed by summing or grouping related abnormal-
ities for the purposes of assessing increased numbers and/or shoving group
directionality of overall results. They should not be strongly considered in
final inferences because they are artificially derived.

BASELINE-FOLLOVUP EXANT&ATION DIFFERENCES

A common difficulty of follovup studies is the inherent variation in
measurement systems from one observation period to the ne::t. To the maximum
extent possible, the USAF has restricted clinical variation by requiring the

S use of identical laboratory equipment for most clinical chemistries, by the
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use of 50 samples from the Baseline serum bank to evaluate interexamination
laboratory differences, and by the use of carefully prescribed written
clinical procedures that allow little room for variation. Nonetheless, some
interexamination variability must be expected. but in the presence of
blindness to group membership, there is no reason to expect biases in the
results with respe(.. to either the Ranch Hand or Comparison groups.

This report has cited classical longitudinal analyses to assesE changes
in variables between the examinations by group. Of 21 variables examined,
5 showed statistically significant group differences in the changes between
examinations. Four ot these significant results were attributed to actual
changes over time, while the other (e.g., sedimentation rate) was believed
"due to a change in laboratory methodology.

Other less refined longitudinal contrasts consisting of narrative
discussions of Baseline results versus followup results have been presented
in all chapters. Interpretive caution i3 requized in assessing examination
similarities or differences because of the slight changes in cohort composi-
tion between the examinations (see Chapter 2, Population), the use of
slightly different statistical models and modeling strategy (see Chapter 7.
Statistical Methods), and sometimes the use of the Original. Comparison group.
The relative contri;,ution of these changes was not explored mathematically,
but is believed to have played a minimal role in accounting for any large
group shifts between examinations.

In the context of comparing results between examinations, there has been
a subtle but consistent observation that group differences have substantially
narrowed over the 3-year period, either by decreased findings in the Ranch
Hands, increased findings in the Comparisons, or a combination of both
mechanisms. In general, several broad interpretations are possible: any
bona fide herbicide effect decreases over time, that the convergence is
largely attributable to unquantifiable factors, that both examinations have
produced chance results, or that these observations have been affected by the
slight shifts in cohort composition and modeling strategy.

Several segments of this report have noted marked differences in the
prevalence rates of abnormalities found at the Baseline and followup
specialty examinations, e.g., the dermatology and neurology clinical
assessments. The followup dermatological examination detected substantially
more abnormalities than the Baseline examination, whereas far greater numbers
of neurological abnormalities were noted at the Baseline examination than at
the followup for some va:iables. These examination variances were affected
by differences in "clinical sensitivity" between the examining teams,
although clearly other factors (such as a true change in disease-abnormalitty
status or slight cohort differences) contributed. The phrase "clinical
sensitivity" refers to the inherent differences in clinical styles and
interpretations of possible abnormalities that often prevail. Because .f
examiner blindness to exposure status, and because of the judgment that the
interexamination variation was within the artful bounds of accepted medical
practice, no bias was thought to have resulted from this inherent variation.

STUD- BIASES

Each reviewer of this report must reach a conclusion on whether the
results of this study have been seriously flawed by the design, the operation
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of significant biases, or both. The Protocol authors believe that the com-
* prehensive multifaceted design is the chief strength of this study, although

it is recognized that each and every published phase of the study must invite
renewed inspection of fundamental scientific aspects of the study design.

It is believed that, with the excaption of skin test readings, all data
in this study were collected accurately and validly, and that blindness to
group membership was well maintained throughout the collection process. This
opinion is important from an inferential perspective in that both misclassi-
fication of data (tending to dilute true group differences) and bias in data
(creating a false group effect) most likely did not occur appreciably in this
study. Thus, it is believed that both the magnitude and direction of the
group results found in this study reflect truth to the maximum degree
possible, within the inherent boundaries of statistical models to account for
all important adjusting variables.

GROUP INTERACTIONS: PATTERN RECOGNITION

Many of the adjusted analyses in this reporlt have demonstrated signif-
icant group-by-covariate interactions, requiring stratified analyses to
determine the nature of significant group differences. All significant two-
and three-factor interactions have been included in the main text or in
appendices. The analysis of followup data has found substantially more
interactions than the analysis of Baseline data, due primarily to the larger
number of covariates used in the follovup analyses.

Several related viewpoints have aided in the overall interpretation of
group-by-covariate interaction in the report. In the presence of a signif-
icant interaction, a direct conclusion on main group effects cannot be made,
and the focal point of interpretation resides with the covariate stratum
containing the significant group effect (or a reversal in nonsignificant
group effects acrors strata). Past this point, however, there appears to be
little consensus in how to best place the interaction into inferential
context. Further interpretations appear to be largely individualistic.

No consistent pattern has emerged to support a finding of impairment in
the Ranch Hands for any specific stratum of one or more covariates. In fact,
of all the two- end three-factor interactions encountered, only one was
thought to have possible biologic relevance. Other interactions may have
such relevance, but the reason was not apparent. As with tests of group
differences, significant interactions may occur by chance, but the method to
calculate an expected number of group-by-covariate interactions, unfortu-
nately, remains an open research question.

Because of the possible diverse interpretations of interactions, all
significant two- and three-factor interactions involving group with
statistically significant strata are presented in Table 21-2 for detailed
inspection. No particular covarlate or group pattern is noted, although the
variables in psychology and gastrointestinal shoved Ranch Hands at a relative
detriment, while the interactions in the cardiovascular chapter indicated
detrimental findings in the Comparisons.

Most variables without interactions in this report have shown remarkable
concordance between unadjusted and adjusted results, both in terms of
absolute value of relative risk and of statistical significance.
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CLASSICAL COVABJATES

Many of the dependent variables in this report are known to be signif-
icantly tfiected by risk factors also measured in this study. The use of
these covariates in the adjusted analyses has served to clarify Ranch Hand-
Comparison group differences in the presence of significant covariate group
differences. Such adjustments, whether by a single covariate, multiple
covariates, or covariate interactions, have given results on group differ-
ences generally quite similar to the unadjusted analyses both in terms of
relative risk and statistical signficance. In fact, in only one instance in
this report has an unadjusted result of pO.10 changed to a value of pD.05
in the adjusted analysis. The covariates used in this study were not effect
modifiers (which may be synergistic with exposure and also be equally
distributed between groups). Consistent effects were observed for almost all
of the classical covariates of age, race, occupation, education, alcohol,
smoking, percent body fat, and glucose tolerance. In only a few instances
were unexpected effects noted, e.g., personality type, wine consumption, and
a few smoking and alcohol "inversions."

The overall covariate effects observed in this study indeed reflect the
mainstream of results found in *ell-conducted epidemiologic studies, and lend
credence to the validity of the clinical endpoints and covariate values in
this report.

MULTIPLE COMPARISONS

As noted in Chapter 7, Statistical Methods, the problem of multiple
comparisons is complex and not easily adjudicatrA because of the total number
of statistical tests, the number of tests performed on each dependent
variable, and the biologic ralatedness of many of the variables. A conscious
effort has been made to expand Inferential interest to borderline group
associations (0.05<p50.10) thareby increasirng the probability of the
acceptance of a false association. Each chapter summary has carefully
flagged all burderline associaticiis to provide expanded summary statements
for possible inclusion in deriving final conclusions. Additional confidence
in the final acceptance or rejection of an overall herbicide effect would be
warranted if the majority of borderline associations were in the same
consistent direction as the significant associations.

Multiple analyses on the sane ýariable have been conducted in this
report. Continuous and categorical data have been subjected to both
unadjusted and adjusted analyses, and multiple adjusted analyses were
sometimes conducted with different covariates or slightly different covariate
sets. The question arises as to which results best reflect the truth Wien
different results are found. In general, the following approach has been
followed: the statistical significance of both continuous and categorical
analyses is convincing, while significance for only the continuous analysis
must be viewed in terms of the biologic relevance of the mean shift detected.

Overall, the multiple comparison issue is due to repeated hypothesis
testing for group, exposure, and interaction strata differences. The
calculation of expected numbers of significant associations for these tests
is difficult (if not impossible) because of the relatedness of the dependent
variables, the relatedness of the covariates, and the often difficult
analytic decisions that arise in a "step-down, best model" strategy. Thus,
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the final assessment of whether the frequency of significant associations
does not meet, or exceeds expectation, must r'dmain an interpretive judgment
of each reader.

CAUSALITY

The AFHS is an inferential assessment of observed group differences.
The inference of herbicide causality will be determined by a balanced
judgment of the following factors: biological plausibility, consistency,
specificity, coherence, time relationships, and strength of association.
Except for aspects of association strength, most of these causality factors
have been discussed in the preceding sections of this chapter. Nearly every
statistically significant group difference in this report has only been of
modei.ate to weak strength. Highly significant p-values (p<0.001) were not
found for main group associations, but vere observed for covariate tests. A
few strata in the group interactions were highly significant. Most of the
statistically significant estimated relative risks were below the value of
2.0 (a traditional boundary of interest in epidemiology). The few relative
risks above 2.0 generally had very vide confidence intervals due to low
proportions of detected abnormalities. Weakly significant associations, in
particular, are cause to reassess the element of chance and the possible
presence of other causality factors before a final concluvion of cause and
effect is determined.

I
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aCINCLSIONS

This chapter summarizes the conclusions dravn from the statistical
analyses that have been conducted on the Air Force Health Study data base.
The follovup study, vhich began in 1995, vas the logical extension of the
1982 Baseline study, building upon the strengths of the Baseline study and
utilizing the data collected at both the Baseline and the follovup. The high
level of Government support and outstanding participation of the study
subjects that characterized the Baseline study were maintained through this
first follovup.

STUR)Y 1P FuvmXCE ASPE cM

Of the living Baseline study participants, 99.2 percent vere located and
asked to participate in the follovup. Participation in the follovup physical
examination and questionnairv vas very high. Of the fully compliant Base-
line participants, 971 of the 1,045 Ranch Hands (92.9Z) and 1,139 of the

* 1,224 Comparisons (93.12) participated in the follovup. Thus,-there was no
group difference in compliance of the Baseline participants at the follovup.
Overall, the 2,309 participants in the follovup (1,016 Ranch Hands and
1,293 Comparisons) represented a loss of 159 individuals and a gain of
199 since Baseline. One percent of t.ie fully compliant Baseline population
died betveen 1982 and the 1985 follovup examination.

The bias/compliance analyses suggested that there had been no change
betveen Baseline and the followup in the vay replacements volunteered for
entry into the study, and that no additional bias had been introduced at the
fell nup due to scheduling differences. Although replacements vere not
h si .,•-matched at Baseline as they vere at the followup, they vere similar to
refusals vith respect to reported health, medication use, and income level.
The results supported the use of the total Comparison group in the main
analyses presented in this report.

POPULATION CHARACTERISTICS

Overall, the Ranch Hands and Comparisons reported similar social and
behavioral characteristics. No significant differences vere found in age,
edi, r -on * 'ckground, religious preference, current military status, and

.aae lv ... Significantly more Ranch Hands smoked cigarettes at the time
of the followup examination than did Comparisons, but there vas no signifi-
cant difference between groups on past cigarette, cigar, and pipe use and on
recent and past use of marijuana. A much higher percentage of participants
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reported past marijuana use at the follovup than at Baseline., This
difference was most likely due to a greater level of confidentiality afforded
by the questionnaire technique. Risk taking behavior, assessed by questions
on potentially dangerous recreational activities, revealed borderline
significance. Slightly more Comparisons were scuba divers and moro Ranch
Hands raced motor vehicles. The difference in scuba diving was also
significant at Baseline.

Patterns of Results

Both the chapter conclusions and the final conclusions of this report
have been predicated upon concepts of consistoncy, specificity, coherence,
strength, and plausibility as they apply to the interpretation of group
differenc..s. In particular, careful consideration has been given to a
variety of data and patterns of results that have emerged from the clinical
evaluations. Specifically, there were few differences in the proportions of
abnormalities between groups; the positive associations have not aggregated
in the clinical areas of prime dioxin concern, nor have they been of serious
clinical importance; the unadjusted results have been remarkably concordant
with the adjusted results, both in terms of relative risk and p value; the
analyses using the Original Comparison set have largely mirrored the results
found with the total Comparison group; many of the group differences noted at
Baseline have disappeared at the follovup examination, and only a few new
associations have emerged; almost all of the covariates have acted as
expected in the adjusted analyses; and the exposure index analyses and the
group-by-covariate interactions have not demonstrated biological patterns of
concern and appeared to, be more likely due to chance than not. Due to the
acknowledged limitations uf the exposure index used in this report (and
considering the potential use of dioxin body burden levels at the next
followup), dose-response celationslips have not been emphasized in reaching
final conclusions.

The overall pattern of these findings indicates that this follovup study
cannot be viewed as alarming from the traditional perspectives of clinical
medicine or epidemiology. This study, in fact, demonstrates similarity in
current health status between the Ranch Hand and Comparison groups.

CLINICAL ASPRCTS

General Health

The nonspecific assessment of general health shoved relatively close
similarity between tLe two groups. Ranch Hands rated their- health as fair or
poor more frequently, hut this difference was found only in the enlisted
groundcrev and not in the officers nor enlisted flyers. The perception of
health in both groups had improved since Baseline. Physician-rated appear-
ance of relative age was not found to bn significantly different at the
follovup in contrast to the Paseline finding that a higher percent of Ranch
Hands than Comparisons looked younger than their stated age. The categorical
analysis of sedimentation rate shoved that the Ranch Hands had more abnor-
malities than the Comparisons. These resulti were not supported by the
continuous analysis of mean sedimentation rates and were opposite to the

I
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Baseline results, vhich shoved that younger Comparisons had elevated sedimen-
tation rates. The categorical analysis of percent body fat shoved no signif-
icant differences between the two groups, which was consistent with Bsceline.
However, the continuous analysis found that the Ranch Hands had a signifi-
cantly lover mean percent body fat using age, race, and occupation as
covariates. The detailed exposure analyses revealed no consistent exposure
effects, and this result was consistent with the Baseline analysis. No
longitudinal difference was found on perception of health. A significant
group difference was found over time for the longitudinal analysis of
sedimentation rate due tc the change in the findings betveen the two
examinations, possibly related to a change in laboratory methodology.

Skin and systemic cancers, both suspected and v-rified by medical
records, shoved no significant grcup differences for the Baseline-followup
interval (1982-1983). Hovever, for all neoplasus combined (malignant,
benign, and uncertain), a borderline significant excess in the Ranch Band
group was noted in an unadjusted analysis. The analyses of interval cancers
revealed group interactions for verified and verified plus suspected basal
cell carcinoma and verified plus suspected systemic cancers. Nonsignificant
findings were observed for verified ai.d verified plus suspected sun exposure-
related cancers. Verified systemic cancers did not differ significantly
between groups.

The analyses of lifetime cancer found significant results for verified
basal cell carcinoma and verified sun exposure-related skin cancers. Group
interactions were noted for systemic cancer categories and for verified plus
suspected basal cell carcinoma. The higher rate of ba."el cell carcinoma in
the Ranch Bands versus the Comparisons found at Baseli.d vas nonsignificant
for the follovup interval, but due to the effect of the larger number of
Baseline cases and the significant confounding of average residential lati-
tude: the adjumted analysis of lifetime basal cell carcinoma emerged as
statistically significant.

There vere seviral disparities in the distribution of testicular, colon,
and smoking-related tumors in the groups. Further, one case of soft tissue
sarcoma and one possible lymphona (both in Ran.h Hands) were diagnosed in the
interval, balancing the two similar cases found in the Comparison group at
Baseline. Considering that the systemic cancer curves are in their early
stages for both groups, with perhaps insufficient latency, the cancer results
of the follovup examination should not be viewed as disturbing, but as cause
for continued monitoring.

Neurological Asuessment

None of the 27 neurological variables demonstrated a significant group
difference, although several variables had relative risks which vere greater
than one. There was no group difference in reported neurological illnesses
for the interval or for a lifetime history. Of the crarial nerve variables,
speech and tongue position were marginally significant, with the Ranch Bands
at a slight detriment. The analyses of peripheral nerve function shoved no
significant differences between the Ranch Hands and the Comparisons. In the
analysis of central nervous system funclion, hand tremor was found to be of
borderline significance, with the Ranch Hands faring slightly worse than the
Comparisons. A borderline significant group interaction (Ranch Hand h&nd
tremor by insecticide exposure) may have had biological and operational
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significance. Overall, substantially fever neurological abnormalities vere
detected at the follovup examination than et the Baseline examination. The
exposure analyses shoved only occasional statistically significant rpsults,
although no ronsistatt pattern with increasing exposure yas evident. In the
longitudit~al ;alysis of the Babinski reflex, a significant change over time
vas observed. This was due to a nonsignificant finding in the Ranch Hands at
the follovup, which differed from the significant adverse finding at Base-
line. The covariates of age, alcohol history, and diabetes shoved classical
effects with many of tie neurological measurmnts. Overall, the follovup
examination reaults were quite similar to the Baseline findings.

Pfhological Assessment

The ':eported and verified data on lifetirm psychological illnesses
shoved no significant differences between groups. Distributional tests of
the 14 Minnesota Multiphasic Personality Inventory (M•PI) scales, stratified
by occupstion, revealed that only 2 of the 42 results approached signifi-
cance. For the total Cornell Medical Index (CHI), separate distributional
tests were conducted with stratification by age, race, occupation, education,
and current drinking status; a significant difference was found for one
status of each of the covariates. In all cuses, the man of the Ranch Hand
distribution was greater than the mean of the Comparisons. The analysis of
the 14 1MPI scales shoved that there was a significant difference between the
tvo groups for denial and ,asculinity/femininity, with sore abnormalities in
the Compai:zcns than the Ranch Hands. The results of the analyses for
hysteria were of borderline significance, with more abnormalities in the
Ranch Hands. There were %ore abnormalities in the Ranch Hands than the
Comparisons for social introversion, which was of borderline signifitance.
Differencus in the total CMI and A--H area subscore veoe founO to be aignifi-
cant, with more abnormalities in the Ranch Hands. There vas no significant
difference between the two groups on the Halstead-Reitan Battery icpairment

index, a measure of the functional integrity of the CKS. The exposure index
analyses did not reveal any pattern consistent with a dose-response relation-
ship. As expected, the effects of age, educational level, and alcoholic
history shoved profound effects on any of the psychological measurements.

Gastrointestinal As.essment

Although the follevup gastrointestinal assessment disclosed more statis-
tically significant findings than the Baseline exaslation, the abnormalities
were distributed equally betveen the two groups, and there was no clinical,
statistical, or exposure pattern consistent with an herbicide-related effect
on health. No historical or biochemical evidence was found to suggest an
increased likelihood of porphyria cutanea tarda (PCT) in the Ranch Hand
group. Only sparse and nonsignificant liver disorders were reported for the
interval between Baseline and follovup. Also, for the lifetime history of
liver disorders, there were no significant differences between groups.
Further, there were no significant group differences in reported lifetime
peptic ulcer disease. A review of digestive system mortality shoved a
relative excess in the Ranch Bands but a relative lack of malignant
neoplasms. The results of the physical examination shoved a borderline
increase of hepatomegaly in the Ranch Hand group. There vas a significantly
lower mean serum glutamic-py-,'vic transainase (SGPT) level, a greater mean
alkaline phosphatase level, and a lover mean uroporphyrin level in the Ranch
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Hand group. The analysis of coproporphyrin was of borderline significance,
with the mean of the Ranch Hands in excess of the mean of the Comparisons.
No group differences were found for serum glutamic-oxaloacetic transminase
(SGOT), gamma-glutamyl transpeptidase (GGTP), total and direct bilirubin,
lactic dehydrogenase (LDH), cholesterol, or triglycerides. The numerous
group-by-covariate interactions did not disclose any consistent subgroup
patterns detrimental to the Ranch Hands. These findings were generally
consistent with the results of the 1982 assessment. The longitudinal
analyses for SGOT, SGPT, and GGTP shoved no significant differences betveen
results by group over time.

Dermatological Evaluation

No significant group differ2nces were identified in the dermatological
evaluation. None of the questionnaire datt shoved an increased likelihood of
past chloracne, as determined by anatomic patterns of acne, and no cases were
diagnosed in the physical examination. Analyses were conducted on six derma-
tologic disorders (comedones, acneifors lesions, acneiform scars, inclusion
cysts, depigmentation, and hyperpigmentation) and on a composite variable of
16 other minor conditions (the latter not generally associated vith
chloracne). Exposure index analyses did not reveal consistent patterns
suggestive of a dose-response relationship. The longitudinal analysis, based
on a composite dermatology index, shoved no significant differences between
the results over time. Substantially more dermatologic abnormalities were
detected at the follovup examination than at the Baseline examination. In
general, however, the follovup results were consistent with the findings at
Baseline.0
Cardiovascular Evaluation

Overall there was general similarity in the cardiovascular health of the
Ranch Hands and the Comparisons. Of the 27 cardiovascular variables, there
was a significant difference foc only one, verified heart disease, with an
excess in the Ranch Hand group. This finding was largely unsupported by
other cardiac measurements. The cardiovascular assessment was based on
reported and verified heart disease; the measurement of central cardiac
function by systolic blood pressure, abnormal heart sounds, and ECG findings;
and the evaluation of peripheral vascular function by diastolic blood
pressure, funduscopic examination, presence of carotid bruits, and detailed
manual and Doppler measurements of five peripheral pulses. Doppler
recordings of five peripheral pulses were similar in both groups, a finding
which was in marked contrast to the Baseline examination that found signifi-
cant pulse deficits in the Ranch Hand group. This change was most likely due
to a required 4-hour abstinence from tobacco prior to the pulse measurements.
Overall, the exposure analyses were unsupportive of any meaningful dose-
response relationship. The longitudinal analyses confirmed the change in
pulse abnormalities in the Ranch Hand group over time, but shoved no signif-
icant groujp change in overall ECG findings between the examinations.

Bematological Evaluation

The hematological evaluation found that neither group manifested an
S impairment of the hematopoietic system, consistent vith similar findings at

22-5



the Baseline. The evalu&tion was based orn eight peripheral blood variables:
red blood cells (RBC), white blood cells (21C), hemoglobin (HCBN, hematocrit
concentration (HCT), corpuscular volume (MCV), corpvscular hemoglobin (MCH),
corpuscular hemoglobin concentration (HCHC), and platelet count (PLT). Both
the discrete and categorical analyses revealed no significant group differ-
ences. The covariate effects of age, race, occupation, and smoking history
were highly significant for many of the variables. Two group-by-covariate
interactions in the analyses of mean differences did not appear to have a
meaninjful interpretation. The exposure index analyses did not support any
plausible dose-response relationship. The longitudinal analysep zf MCV, MCH,
and PLT found significant differences only for PLT between the Baseline and
the follovup, with the Ranch Hands exhibiting a slight decline in mean level
from Baseline and the Comparisons shoving an opposite change.

Renal Assessment

None of the six renal variables of reported kidney disease, urine
protein, occult blood, urine white blood cell count, blood urea nitrogen, and
urine specific gravity shoved a significant difference between the two groups
based on the unadjusted analyses. In the adjusted analyser of the laboratory
variables, however, there were significant group-by-covariite interactions
that did not yield a consistent pattern to suggest a renal detriment to
either group. The finding of group equivalence for past kidney disease was
in contrast to the Baseline examination, which found significantly more
reported disease in the Ranch Hand group. The difference in findings is more
likely due to a change in questionnaire wording than to a true change in
renal health. Like the Baseline findings, the exposure index analyses sheved
very little evidence of a dose-response relationship. In the loagitudinal
analyses of blood urea nitrogen, there was no significant group difference.
in the change between the examinations.

Endocrine Assessmient

In general, the endocrine health status of the Ranch Hands and the
Comparisons was reasonably comparable. The examination found no significant
differences between the two groups for past thyroid disease, or thyroid and
testicular abnormalities determined by palpation. In the analyses of the
seven laboratory values (T 3 Z Uptake; thyroid stimulating hormone [TSH];
testosterone; initial, second, and differential cortisol; and postprandial
glucose), significant differences were found for TSH and testosterone, with
higher mean levels in the Ranch Hands. These analyses were not supporteJ by
the categorical analyses. The thyroid test results were conflicting with
respect to an assertion of hypothyroidism in the Ranch Hands (a possible
dioxin effect). Mean levels of testosterone were significantly elevated in
the Ranch Hand group as contrasted with the Comparisons in the 10-25 percent
body fat category. The eftects of personality score and percent body fat on
the differential cortisol levels vere not fully expected. Although tests of
2-hour postprandial mean values showed no significant group differences,
comparable categorical tests revealed that significantly fever Ranch Hands
had impaired glucose levels, but conversely, had more (nonsignificant)
diabetic levels of glucose. Analyses of the composite diabetes indicator
(history plus 2-hour postprandial results) did not disclose significant group
differences. The exposure index analyses suggested that the enlisted flyers
in the medium exposure level were significantly different from those in the
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low exposure level for differential cortisol, postprandial glucose, and
testosterone. The corresponding high to low contrasts were not significant.
The longitudinal analyses were based on T % Uptake, TSH, and testosterone,
and revealed only symmetrical and nonsignificant changes in the Ranch Hand
and Comparison groups over the time interval.

Immwological Ivaluation

Overall, there were no significant group differences or any indication
of impaired immunological competence in either group based on comprehensive
cell surface marker and functional stimulation studies. Six cell surface
markers (total T cells, helper T cells, suppressor T cells, B cells, mono-
cytes, HLA-DR cells, and a constructed helper/suppressor ratio variable) and
three functional stimulation studies (PHA, pokeveed, and mixed lymphocyte
culture) were conducted on 47 percent of the study population. No signifi-
cant differences were revealed for five of these variables. In the analyses
of the other five variables, there were significant group-by-covariate inter-
actions, but no discernible pattern was identified to suggest a detriment in
any subgroup of either group. Skin test assessments of delayed hypersen-
sitivity were characterized by inter-reader variation and shifting diagnostic
criteria for anergy. The skin test data were Judged invalid and were not
subjected to statistical testing for group differences. No consistent pat-
tern of immunological deficits could be associated with increasing levels of
herbicide exposure in the Ranch Hand group.

Pulmonary Disease

The pulmonary assessment did not reveal any statistically sij-if-cant
differences between the Ranch Hand and Comparison groups that ver, suggestive
of an herbicide-related disease. The analyses consisted of group '-;essments
of respiratory disease incidence, physical examination abnormalities, and the
current prevalence of x-ray abnormalities. There were no significant differ-
ences bctveen the Ranch qaads and Comparisonls for history of asthma, bron-
chitis, pneumonia, or for sir of seven clinical variables (excli'ding rales)
determined by x-ray or auscultation. Analyses of histoLy of pleurisy,
history of tuberculosis, and rales skowed sianificant but ivconsistent group-
by-covariate interactions. These findings did net indicate any patterns
suggesting a different disease expez.ience in the tvo groups. The exposure
index analyses did not reveal any consisten. pattern suggestive of an
increasing dose response.

COuCLMusOi

The results of the fVrst follovuP study in 1985 have shown a subtle but
consistent narrowing of mtdicai differences between the Ranch Hands and
Comparisons since the Baseline Study in 1982. The 1985 examination results
provide reassuring evidence that the current stite of health of the Ranch
Hand participants is unrelated to herbicide exposure in Vietnam. Continued
close medical surveillance of these military population• is strongly
indicated. This follovup report cvncludes that there is not sufficient
plausible or consistent scientific evidence at this time to implicate a
causal relationship between herbicide exposure and adverse health in the

* Ranch Hand group.
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FUT UE DIRFCTIONS

The scope and complexity of the AFHS has required gradual refinement and
correction to meet the challenges of changing technology and scientific di-
rection, and to ensure continued participation of all enrolled members. This
chapter outlines some of the changes incorporated in the fifth-year followup
examination and identifies several areas of future work expected to signif-
icantly augment the study.

FIFTH-TEAR FOLLOVUP EXAMMINTION

Since the fifth-year follovup examination was initiated prior to the
full analysis of the data from the third-year examination, most modifications
were founded upon quality control issues and the desire to make the clinical
content of the examination more responsive to the medical needs of the
participants.

Clinical quality control enhancements were made to improve measurement
techniques. The digit preference noted in systolic and diastolic blood pres-
sure readings led to the use of automated blood pressure recording; all other
parameters of the blood pressure readings (e.g., sitting position, three
recordings, nondominant arm at heart level) were not changed.

The problem in skin test reading was met by a rigorous quality control
plan that included the following elements: refresher training for readers; a
required reading of the four skin tests of all participants by both readers,
eacn blind to the results of the other; a required reread of 10 percent of
all tests by each of the readers, each blind to the previous reading; and a
required weekly report citing numbers and proportions of participants with
posaible anergy, reversal of induration-erythema measurements, and untoward
skin reactions or other reading problems (e.g., participant refusal).

In addition, new skin test forms were developed to facilitate accurate
recarding and transcription; specific clinical criteria were formulated to
require consultation by an allergist; and the skin tczt measurement criterion
for possible anergy, consistent with current World Health Organization guide-
lines, was adopted for the clinical interpretation of all skin test readings.
It is anticipated that this clinical quality control program will standardize
both readings and interpretations, and will produce a uniformly superior data
smat.

EXPOSURR INDEX REFINEMENTS

Since the development of the Study Protocol and the analysi.s of the 1982
Baseline data, there has been concern among some scientists and the principal
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investigators over the accuracy and validity of the exposure estimates. It
is unclear whether statistically significant differences in some variables
between the Ranch Hand and Comparison groups, unsupported by dose-response
estimates, have been due to chance, or whether tzue differences are obscured
by an inadequate exposure index or group misclassification.

In mid-1986, strorg correlations between dioxin levels in fat tissue and
serum were demonstrated by the CDC and other institutions. Because of these
results, the Air Force is currently engaged in a collaborative study with CDC
to determine whether serum dioxin levels vary significantly in the Ranch Hand
population. Approximately 200 AFHS volunteers have supplied a pint of blood
to be analyzed for dioxin at the CDC laboratories. If clear and meaningful
exposure findings are evident from this study, several additional studies are
feasible: testing can be expanded to the entire study population and a
meaningful exposure index based on total current TCDD body burden may be
developed; and by means of archived AFHS serum samples from the Baseline
study, it may be possible to calculate a reasonably precise half-life of TCDD
in humans. These expanded studies will allow the estimation of body burdens
of TCDD at the time of departure from SEA (assuming the absence of
intervening vocational and recreational exposures).

If, in fact, these potential studies become reality within the next
2 years, the fifth-year followup study data will be statistically analyzed
using a more appropriate exposure index. In anticipation of this advance,
the AFHS is currently collecting 280 to 350 ml of blood from all volunteers
attending the fifth-year followup study.

ADDITIONAL ANALYSES AND STUDIES

As in the 1984 Baseline Report, not all of the measured dependent'
variables were subjected to statistical analysis (e.g., prothrombin,
leutinizing hormone, follicle stimulating hormone), largely because they were
not within the bounds of the Air Force-prescribed analyses. Exploration of
many of the unanalyzed variables is contemplated as time and resources
permit. Similarly, many analytic opportunities to define possible
symptom-clinical sign clusters or syndromes by multivariate analysis of
variance techniques were passed over due to time and charter. Particularly
challenging as an area of future work may be the changing relationships of
some immunolbgical variables over time and the biological impact of these
changes on the induction of diseases such as cancer. Likewise, future
efforts to define shifting cardiovascular disease patterns are a logical
extension of the rich longitudinal data base of the AFHS. Such efforts await
future analysis and publication.

The assessment of possible selection and participation bias has been
addressed in a comprehensive manner in this report (see ChapteL 5). The
anaLy.es and discussion suggest that statistical use of the total Comparison
group (versus the Original Comparison group) is justified in this report, and
that the impact of selection and participation biases have been minimal. As
the followup studies continue, it is anticipated that a wealth of data on
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compliance-participation factors vill be available for continued comprehen-
sive bias analyses. In particular, it is hoped that more complete data will
exist to examine the true differences in current health status between re-
fusals and their replacements. As the data set grows over time, the bias
analyses will become more complex and will have to deal with changing motiva-
tions of the participants to continue in this study. Such bias analyses and
assessments will always be of great importance to this study as they ulti-
mately set the bounds for an inference on herbicide causality.
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