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NOTICE

This report presents the results of analyses comparing the serumn dioxin assays with
physical examination data collected in 1987. This serum dioxin report is an addendum to the
Ranch Hand versus Comparison group contrasts contained in the 1987 examination report
published in February 1990. That report was the third in a series of epidemiolc gic s.udies to
investigate the health effects in Air Force personnet following exposure to herbicides. The
results of preceding studies (the 1982 Baseline and 1985 examinations) were presented in
the Baseline Morbidity Study Results (February 1984) and the Air Force Health Study First
Followup Examination Results (October 1987). Given the relationship of the serum dioxin
analyses o the previous studies, portions of these earlier documents have bezn reproduced
or paraphrased in this report. The purpose of this notice is to acknowledge the authors of
these documents and to refer the reader to the 1987 examination report for additional
background details regarding this study. No further references are made.
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EXECUTIVE SUMMARY

SERUM DIOXIN ANALYSIS OF THE 1987 AIR FORCE
HEALTH STUDY EXAMINATIONS

This publication is the fourth morbidity report resulting from the Air Force Health Study
(AFHS), an epidemiologic investigation of the possible association between occupational
exposure to Herbicide Orange (and its dioxin contaminant) and adverse health experienced
by Air Force personnel who served in Operation Ranch Hand units in Vietnam from 1962 to
1971. A Comparison group was formed from Air Force veterans who flew or maintained
C-130 aircraft in Southeast Asia during the same time period. The 1982 Baseline
examination, summarized in the first report, was followed by additonal studies in 1985 and
1987. Additional evaluations are planned for 1992, 1997, and 2002.

The 19 chapters of this report present conclusions drawn from statistical analyses of
approximately 300 health-related endpoints in 12 clinical areas: general health, malignancy,
neurology, psychology, gastrointestinal, dermatology, cardiovascular, hematology, renal,
endocrine, immunology, and pulmonary. The analyses focused on dioxin measurements in
serum collected from 1,670 participants as part of the 1987 examinadon.

This report summarizes the first large-scale study of dose-response effects based on
an accurate measurement of current dioxin levels. This investigation is an important
enhancement of the AFHS and supplements previous AFHS reports, which focused on group
contrasts between exposed (Ranch Hand) and unexposed (Comparison) cohorts.

Three statistical models were used to evaluate associations between the health of
study participants and their serum dioxin levels:

¢ Mocdel 1: Estimated initial dioxin levels, using Ranch Hand participants only

» Model 2: Current serum dioxin levels and time since military service in Vietnam,
using Ranch Hand participants only

¢ Model 3: Catcgories of current dioxin levels, using both Ranch Hand and’
Comparison participants.

Analyses based on model 1 depend directly on first-order kinetics and a constant dioxin
decay rate, while those based on model 2 assume nothing about dioxin elimination other than
that Ranch Hands were exposed in Vietnam and that their body burdens have decreased in
an unspecified manner over time. All health data were analyzed asing both of these models
to reduce the likelihcod that an effect would be missed because of incorrect assumptions
regarding dioxin elimination. Models 1 and 2 were implemented under two assumptions—
minimal and maximal. The minimal assumption included only Ranch Hands with current
dioxin levels atove 10 parts per trillion (ppt) (n=521); the maximal assumption expanded the
analysis to include all Ranch Hands with current dioxin levels above 5 ppt (n=742).



-In addition, model 3, using both Ranch Hands and Comparisons, assessed the health
consequences of current dioxin levels above background. This assessment required no
assumptions about when or how increased dioxin body burdens were attained.

Statistical analyses were often applied to clinical endpoints in continuous (i.e., original
measurement) and discrete (i.c., measurements grouped into categories based on abnormal
levels) forms. Analyses were also performed to account for the effects that demographic 2nd
personal characteristics may have on the clinical measurements. Such analyses are termed
“adjusted analyses.” : :

The general health assessment found that higher levels of body fat and the erythrocyte
sedimentation rate were significantly related to both the initial and current serum levels of
dioxin. The findings for body fat are consistent with the association between dioxin and
diabetes mellitus in the endocrine assessment and lipids in the gastrointestinal assessinent.
The sedimentation rate findings raise the possibility that a subtle, chronic inflammatory
response may be related to higher levels of dioxin exposure.

The malignancy assessment determined that serum dioxin levels were not significantly
associated with the incidence of skin neoplasms, except for an increase of basal cell
carcinoma on sites other than the ear, face, head, or neck in Ranch Hand enlisted flyers.
However, these results may be the result of a multiple-testing artifact, because they were
not noted for the enlisted groundcrew who, as a group, had higher levels of serum dioxin than
the enlisted flyers. Previous AFHS reports showed that the Ranch Hand group had a
significantly increased risk of basal cell carcinoma relative to the Comparison group; however,
the skin neoplasm findings in this report did not support a positive dose-response
relationship. The serum dioxin analyses detected significantly increased risks of benign, but
. not malignant, systemic neoplasms (approximately 75% of the benign neoplasms in Ranch
Hands and 70% in Comparisons were lipomas). There was one verified case of non-
Hodgkin's lymphoma in a Ranch Hand at the 1987 examination.

The neurological analyses revealed no consistent evidence to indicate that dioxin was
associated with neurological disease. The adjusted analyses for the verified neurological
disorders were not significant. Dioxin was found to be significantly associated with
coordination and a central nervous system index, but cranial nerve function and peripheral
nerve status were not associated with dioxin.,

Higher serum dioxin levels were uarelated to verified psychological and reported sleep
disorders. Results of the two clinical psychological tests (the Symptom Check List-90-
Revised [SCL-90-R] and the Millon Clinical Multdaxial Inventory [MCMI]) were
inconsistent. Most of the adjusted results for the SCL-90-R variables were not significant.
Many of the adjusted MCMI results were significant, but substantial overlap and correlation
between test scales of the MCMI limit the clinical importance of these statistical differences.

The serum dioxin levels showed no association with verified liver diseases. However,
the laboratory results showed a consistent pattern suggestive of a subclinical effect on lipid
metabolism, possibly related to the positive association between dicxin and body fat
observed in the general health a..cssment.
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Dermatologic endpoints were not consistently associated with dioxin concentratiors.
For Ranch Hands with a later tour of duty in Vietnam (time since tour<18.6 years), there
were significant or marginally significant positive associations between current levels of
dioxin and post-Southeast Asia acne and several of the other acne-related physical
examination variables. However, the corresponding adjusted relative risks for Ranch Hands
with an early tour (time since tour>18.6 years) were not significant or were significantly less
than 1.

The cardiovascular findings offered no consistent evidence of an adverse dioxin effect
among nondiabetics. There was a significantly increased risk of essential hypertension for
Ranch Hands in the high current dioxin category (>33.3 ppt) relative to Comparisons in the
background category (<10 ppt) when the effect of body fat was not considered. By contrast,
the analyses of verified heart disease (excluding essential hypertension) found that the
adjusted relative risk was significantly less than 1 for Ranch Hands in the high current dioxir
category. The analyses of systolic blood pressure and diastolic blood pressure in their
continuous forms found that the adjusted mean level for both variables was significantly
higher for Ranch Hands in the high current dioxin category relative 1o Comparisons in the
background category when the effect of body fat was not considered. However, the
corresponding analyses of the percentage of participants with abnormally high systohic or
diastolic blood pressures did not show an associadon with dioxin. The assessment of
peripheral vascular function found significant associadons between dioxin and decreases in
the peripheral pulses.

The hematologic results revealed no evidence that overt hematopoietic toxicity was
related to dioxin exposure. The white blood cell count revealed statistically significant
associations consistent with a positive dose-response effect in all three models; consistently
significant results were not found for the other variables. A significant increased risk of an
elevated platelet count was found for Ranch Hands in the high curreat dioxin category relative
to the Comparisons in the background category. These findings suggest the presence of
iow-ievel, cnronic inflammatory response related to higher levels of dioxin exposure.

The analyses did not indicate any reladonship between renal health and dioxin. Under
the maximal assumption (but not the minimal), the initial dioxin analyses found a significantly
increased risk of urinary occult blood cells, but results were not significant for the other
models. Statistically significant results were not noted for the other variables.

The endocrine assessment established a strong positive association between glucose
intolerance and dioxin, but concluding that dioxin directly causes diabetes would be
premature. The inital and current levels of serum dioxin both were associated significantly
with an increased incidence of diabetes. Significant positive associations also were noted for
the analyses of fasting glucose and 2-hour pos:prandial glucose. These findings may be
related to the association between dioxin and Lody fat obsetved in the general health
assessment. The basis of these relatonships will be investigated during subsequent phases
of this study.

Assessment of testicular size as evaluated at the physical examination revealed
significant positive associations in all three modeis between serum dioxin and decreased
size. The serum dioxin analyses did not reveal a significant association with abnormally low

vit



levels of serum testosterone, but the analyses found a significant negative correlation with
testosterone when the effect of body fat was not considered. The clinical meaning of these
findings is unclear. The results for thyroid stimulating hormone and T3 % uptake treated as
continuous variables were consistent with subclinical decreases in thyroid function related to
dioxin exposure. Houwever, the corresponding analyses on the percentage of participants with
abnormally high levels for these variables did not show an association with dioxin.

The immunologic assessment did not find any clinically significant al*srztions related to
the current or initial levels of serum dioxin. An evaluation of immunoglobriins found a
significant association between initizl dioxin level and increased IgA levels, consistent with a
subtle inflammatory response. The analyses of the other immunoglobulias (IgG and IgM) did
not indicate the presence of any dioxin-related effects. Analyses for the other laboratory
variables revealed several statistically significant findings, but they either were internally
inconsisicat or were not in a direction expected in an impaired immune system. Serum dioxin
was not significantly associated with delayed hypersensitivity skin-test response. The
previous report of the 1987 examination data had showed that significantly more Ranch

- Hands had possibly abnormal skin-test reactions than Comparisons. These new analyses

suggest that the previously noted group difference may not be related to dioxin.

Analyses of the pulmonary disease history found no evidence of a dioxin relationship for
the five respiratory illnesses studied. However, based on physical examination results, the
risk of thorax and lung abnormalities for Ranch Hands in the high current dicxin category was
significantly increased relative to Comparisons in the background category. Abnormal
spirometric measurements were often significantly associated with dioxin levels, but the
differences in the mean levéls between high- and low-exposed participants were not
clinically importart. These findings may be related to the association between dioxin and
body fat noted in the general health assessment because obesity is known to cause a
reduction in vital capacity. These relationships will be investigated during subsequent
phases of the study.

Extrapelation of the serum dioxin resuits to the general popuiation of ground troops who
served in Vietnam is difficult because Ranch Hand and ground troop exposure si.uations were
quite different. Based on serum dioxin testing results done by others, nearly all ground
trcops tested currently have levels of dioxin similar to background levels. Even the ground
troops who served in herbicide-sprayed areas of Vietnam had current levels indistinguishable
from those of men who never left the United States. The AFHS subgroup most like the
groand troops in terms of current dioxin levels is those Raach Hands who currently have
background levels of dioxin (designated as the “unknown” category in the model 3
analyses). Therefore, if the results of the AFHS are applied to the general population of
Vietnam veterans, the focus should be on the unknown Ranch Hand versus background
Comparison contrasts. However, extrapolating the results of these analyses to Viemam
veterans should stll be made cautiously. In general, the adjusied model 3 analyses found
that Ranch Hands in the unknown category did not show a significant health detriment
relative to Comparisons in the background category.

Small but significant mean differences in a continuously measured health variable when
there are no corresponding differences in the percentage of abnormal tests are difficult to
assess in any study. For example, in the discrete analysis of serum testosterone, abnormally
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low levels were not significantly associated with dioxin. However, the adjust=u .. Hnuous
analysis found a significant negative association between dioxin and testost=ron: v.aen the
effect of body fat was not considered. The continuous and discrete analyses of sy tefic and
diastolic blood pressure also exhibited conflicting results. Observations such as .iese could
represent an early subclinical effect, or they could be the result of a muuirle testing acafact.
Significant trends in the mean with increasing levels of dioxin are interpueted as z ‘hoxin-
related effect if a corresponding trend is seen in the proportion atove ar ile ‘he .jormal
range. These observations emphasize the importance of continued ¢ atiatisa <1 a “rad
spectum ot health endpoints in the subsequent physical examination pheses of iht «FHS.

The serum dioxin analyses in this report detected significant associatios's v. .th lipid-
related health indices. In particular, diabetes and body fat were associated - i rvely with
dioxin. Cholesterol, high-density lipoprotein (fIDL), cholesterol-HDL ratic, :ud 2-hour
postprandial glucose also were associated significantly with dioxin., Erytiroc,te
sedimentation rate, white blood cell count, platelet count, and IgA were positively associated
with dioxin, suggesting the presence of a chronic dose-related inflammatory response. Other
variables, such as the spirometric indices in the pulmonary assessment and benign systemic
neoplasms in the malignancy assessment showed significant associations with dioxin that
may be related to body fat (approximately 75% of the benign neoplasms in Ranch Hands and
70% in Comparisons were lipomas). These findings and their possible relationship to dioxin
elimination will be explored in furure examination cycles. The serum dioxin unalyses also
revealed a significant positive association between dioxin and decreased testicular size, but
the importance of this finding is unclear (fertility and other reproductive outcomes will be
assessed in a separate report). Results for other variables revealed no consistent pattern,
within or across clinical areas, indicative of a health detriment due to dioxin exposure.

In summary, many of the findings in this report reveal a ccnsistent relatonship between
dioxin and body fat. Two hypotheses may explain the observed relationships. In one, dioxin
could cause an increase in body fat. or the level of body fat could influence the dioxin decay
rate, which in turn alters physiologic outcomes, such as blood pressure, serum lipid
alterations, and blood sugar levels. An alternative hypothesis involves dioxin as a direct
cause of two or more of the observed endpoints, including body fat. Whether dioxin causes
these observed effects directly or is a step in an exterded causal pathway cannot be
determined from these data. Additonal analyses following the physical examination
scheduled for 1992 may help resolve this question.
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CHAPTER 1
INTRODUCTION

AIR FORCE HEALTH STUDY

The Air Force Health Study (AFHS) is an epidemiologic investigation to determine
whether occupational exposure to Herbicide Orange in a group of U.S. Air Force personnel is
associated with adverse health effects. During the Vietmam conflict, Herbicide Orange was
the primary herbicide used in a military operation, code-named Operation Ranch Hand, which
disseminated the herbicide through aerial spraying for purposes of defoliation and crop

destruction.
)

As documented in prespecified analytical plans and predecessor reports, the AFHS is
based on a cohort design in a nonconcurrent prospective setting. The study design consisted
of a baseline morbidity assessment that is to be complemented by five followup morbidity
evaluations over a 20-year period. The baseline morbidity evaluation, conducted in 1982,
was performed by the Air Force. Followup evaluations were conducted in 1985 and 1987.
The 1985 and 1987 evaluations (also known as the third- and fifth-year studies,
respectively) were performed, under contract to the Air Force, by Science Applicadons
International Corporation (SAIC), in conjunction with Scripps Clinic and Research Foundation
(SCRF) and the National Opinion Research Center (NORC). Future evaluations are planned
for 1992, 1997, and 2002 (i.c., the 10-year, 15-year, and 20-year followup studies,
respectively).

For the Baseline and the 1985 and 1987 studies, the major focus of the analyses was to
compare the health status of the Ranch Hands (i.e., the exposed cohort) with that of the
Comparisons (i.e., the unexposed cohort). An ancillary analysis used an approximate
estimate of exposure (low, medium, and high) that was constructed for each Ranch Hand
using historical military record information with herbicide procurement and usage records.
For the most part, the constructed exposure index failed to display consistent and/or
meaningful dose-response relationships.

During the conduct of the 1987 physical examination, the Air Force initiated a
collaborative study with the Centers for Disease Control (CDC) to measure dioxin levels in
the serum of Ranch Hands and Comparisons. The purpose of this report is to perform a
thorough statistical evaluation to assess dose-response relationships between various
measures of dioxin and approximately 300 health-related endpoints in 12 clinical areas. The
statistical analyses associated with the serum data will evaluate the association betwcen a
specified health endpoint and dioxin among the Ranch Hands, as well as contrast the health
of various categories of Ranch Hands having differing serum dioxin levels with the health of
Comparisons having background 'evels of dioxin in their blood. The analysis of dose-
response relationships based on serum assays provides an important enhancement over the
previous AFHS investigations. This research is the first large-scale study of dose-response
effects based on an accurate measurement of current dioxin. The results of this study
supplement the findings of previous AFHS reports, which have focused on group contrasts
between exposed and unexposed cohorts, rather than on the dose-response relationships in
this report.
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Of the 995 Ranch Hands who were fully compliant to the 1987 physical examination, 932
had serum specimens analyzed by CDC; 64 of these 932 specimens were reported by CDC as
not quantifiable by the analytical method. Two of the 932 participants provided blood but
were not part of the 1987 examination. The Ranch Hand participants used for the statistical
analyses of the serum data excluded the 66 Ranch Hands specified above. Thus, the serum
levels of the remaining 866 Ranch Hands were candidates for evaluating the association
between health status and level of dioxin. Current dioxin levels exceeded § ppt for 742 of the
Ranch Hands, and exceeded 10 ppt for 521 Ranch Hands. These two Ranch Hand groups are
the maximal and minimal cohorts, described later in this chapter.

Of the 1,299 Comparisons who completed the 1987 physical examination, 1,198 had
serum specimens analyzed by CDC. Dioxin assay information on a randomly selected subset
of 888 Comparisons was received from CDC by January 1990, at which time statistical
analyses involving Comparison data began. Eighty-three of the 887 Comparisons who
completed the physical examination had a current dioxin level reported by CDC as not
quantifiable. Therefore, 804 Comparisons were candidates for use in the statistical analyses.

An additional 314 Comparison dioxin assay results were subsequently received. Of
these results, 311 were based on Comparisons who had completed the physical examination.
and 3 were reanalyses of specimens of 3 Comparisons who completed the examination but
whose dioxin result was indeterminant.

* Chapter 2, Dioxin Assay, contains a more complete discussion of the dioxin assay, the
888 and the subsequently received 314 Comparison assay results.

Questionnaire Methodology

One source of information used in the stadstical analyses for the AFHS was the
participant questionnaire. For the 1982 Baseline study, the questionnaire was administered
at the participant's home. The questionnaires of the 1985 and 1987 followup cycles were
administered at the physical examination site. New participants or participants who refused
10 take part in the 1982 and 1985 examinations had the option of responding to the Baseline
questionnaire either at their residence or at the physical examination site. The instruments
provided baseline or updated information on such items as: demographic characteristics,
education, occupation, medical history, study compliance, toxic exposures, reproductive
experience, personality type, sleep disorders, and risk factors for skin cancer. For a detailed
discussion of the development, expansion, and implementation of the questionnaire (i.e.,
interviewer training, scheduling of participants, data collection, and data processing), the
reader is referred to Chapter 3, Questionnaire Methodology, AFHS 1987 examination (1).

Physical Examination Methodology

Another major source of information for the analyses in the AFHS resulted from the
various health evaluadons performed at SCRF in 1987. The evaluations consisted of the
following major elemerts:

* Review-of-systems questionnaire
+ Psychological testing
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Physical examination

Laboratory testing
Specialized testing (e.g., phlebotomy for measurement of serum dioxin)

Psychological and medical outbriefings.

The logistical efforts involved in contacting, transporting, and examining the study
participants for the 1987 phase of the AFHS are described in Chapter 4, Physical
Examination Methodology, of the AFHS 1987 exaraination report (1)

During the clinical examinations, data were collected in the laboratory and by a general
and two subspecialty (dermatologica’ and neurological) examinations. In the clinical
laboratory, cutpoints between normal and abnormal measurements are in most cases well
defined. In the physical examinations that were conducted by multiple examiners, however,
some subjective variation in data collection would be anticipated. By adhering to a strict
examination protocol and by blinding the examiners to the exposure status of all participants,
a group bias was avoided. '

The format of the physical examination was designed to address the wide range of body
organ systems suggested by the scientific literature on both human and animal studies, the
spectrum of health problems reported by Vietnam Veterans listed in the Agent Orange
Repository of the Department of Veterans Affairs, and concerns expressed in the press. The
examiners were kept strictly unaware of the exposure status of each participant and were
required to conduct their examinations in a standardized and consistent manner. Each
participant was provided with all of his examination results by a specialist in internal
medicine and a clinical psychologist. Whenever a condition requiring prompt medical followup
or further evaluation was identified by one of these debriefers, arrangements and
appointments were made with a referral physician before the participant departed from the
clinic. In this manner, continuing treatment of important medical conditions was not
overlooked.

Quality Control

Throughout the 1987 examination, a number of steps were taken to maintain stringent
quality control (QC) and quality review standards. In general, quality assurance (QA)
activities were defined and implemented in the areas of administrative QA; questionnaire,
physical, and psychological examination QC; laboratory QC measures; data management QC;
and statistical QC. Chapter 6, Quality Control, of the AFHS report on the 1987 examination
contains detailed descriptions of these quality control efforts (1).

Administrative Quality Control

For the 1985 and 1987 examinations, and the associated serum dioxin analyses
presented in this report, an internal Quality Review Commitiee (QRC) was convened by the
prime contractor. QRC members provided independent reviews and comments on draft report
materials submitted to the Air Force. The QRC also provided advice on issues that might
affect study quality.



Questionnaire, Physical, and Psychological Quality Control

For administration of the 1987 questionnaires, interviewers were provided specific
training and detailed instructions by NORC on conducting the interviews. In addition,
schedulers were trained to perform initial contacts with individuals to invite them to
participate in the 1987 examination cycle. Conversion specialists were used to contact
refusals or to identify replacements for unwilling Comparisons. Site supervisors monitored a
sample of interviews from each interviewer. If necessary, immediate onsite retraining was
provided for interviewers to ensure proper administration of the questionnaire. A rigorous
review prccess for monitoring the completeness and quality of responses to the questionnaire
items was followed.

After the questionnaires were reviewed for completeness and data validity, the
questionnaire and physical examination records were provided to the Air Force for medical
coding of the reported information. Once the medical coding was completed, the questionnaire
information was provided to NORC for data processing. Various edit and data verification
procedures were performed and discrepancies were resolved on a case-by-case basis. All
corrections were documented and entered into the data bu.e. QA reports were generated
monthly and the review process was continued until no errors or discrepancies were found.

The physical examination provided most of the health status information used for clinical
and statistical evaluation. Hence, a number of steps were taken 1o guarantee the quality and
completeness of the information generated during the physical examination. The steps
included a stringent selection process for all personnel directly involved with the study
participants; a complete pretest of the physical examination, interview, psychological test,
and laboratory test procedures before the start of the study; refresher training for diagnostic
procedures (e.g., to diagnose chloracne); weekly review of participant critique forms; timely
review, and revision if necessary, of items reported on the physical examination forms; and
daily monitoring of clinical examination activites by the onsite Air Force monitor and the
SCRF Medical Project Director.

Clinical Laboratory and Immunology Laboratory Quality Control

Multiple actions were implemented in the area of QC for the clinical laboratory. An
integrated medical laboratory management information system was used to provide direct
device to data base interfaces for automated testing equipment; stringent calibration
standards were maintained for all automated equipment; control samples were used to
monitor test quality; formal analysis and review of QC data was performed on a weckly
basis; and CUSUM and FIR CUSUM techniques were used to detect calibration problems. A
stringent QC procedure was also implemented in the cellular immunology component of the
AFHS to address problems in assay performance, reagent validity, data analysis, and results
reporting. Chapter 6 of the 1987 examination report provides an indepth discussion of the
clinical and immunologic QC procedures (1).

Data Management Quality Control

The QC program for the data management activity consisted of multiple checks at all
steps of the examination, data collection, and data processing cycle. Data QC procedures for
data collection, conversion, and integration were developed before the clinical examinations
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began. Pretesting of forms, procedures, and logistical arrangements was conducted 3 weeks
before the examinations actually began.

Five interwoven layers of QC were instituted to ensure data integrity: data processing
system design; design and administration of all exams or questionnaires; data completeness
checks; data validation techniques; and quality control medical records coding.

Statistical Analysis Quality Control

QC was exercised in the followirg areas addressing the statistical analysis:
construction of data bases for the statistical analysis of each clinical chapter, the statistical
analysis, and the preparation of the clinical chapters containing the results of the statistical
analyses. Each clinical area data base was examined for extreme and improbable values.
Discrepancies were resolved through contact with the organization responsible for the data
item of interest (e.g., SCRF or NORC). Technical issues related to statistical analysis were
discussed, and resolved through frequent telephone and/or written communications between
the SAIC statsticians and the Air Force principal investigators. The content of the report
was verified for accuracy and validity among the reported text and tables, and for consistency
with the output results generated by the statistical software.

Statistical Models

The serum dioxin measurements were used in three different ways to assess the
relationships between current health status and dioxin. Within a specified clinical area, the
results of three analyses performed for each dependent variable were described under
sections titled: :

* Mode! 1: Ranch Hands - Logy (Initial Dioxin)
¢ Model 2: Ranch Hands - Logy (Current Dioxin) and Time
* Model 3: Ranch Hands and Comparisons by Current Dioxin Category.

Models 1 and 2 used serumn dioxin values for only the Ranch Hands. For model 1, the
dependent variable for each Ranch Hand was regressed on an initial dioxin level. The initial
dioxin value was estimated retrospectively from a first-order pharmacokinetic half-life model
using the measured current dioxin, the estimated half-life of 7.1 years (2) and time since the
end of each Ranch Hand’s tour of duty in Vietnam. For model 2, regression relationships
were developed between the dependent variable for each Ranch Hand and the measured
current dioxin level and time since the end of the tour in Vietnam. The latter model was
implemented as an alternative to model 1 which was based on assuming a particular half-life
model. Both of these models were implemented with and without adjustment for covariate
information. While the overall analysis in model 2 specifically assesses the effect of
differences between time strata, a current dioxin effect can be seen in the time saatified
portions of the analyses as well.

Models 1 and 2 were also applied under two assumptions concernirg exposure: the
minimal assumption and the maximal assumption. Under the minimal as umption, the
analyses are based on those Ranch Hands with current dioxin levels above 10 ppt. The basis
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for the minimal assumption is that Ranch Hands currently having dioxin levels at or below 10
ppt are assumed not to have been exposed to dioxin during their Ranch Hand tour. Under the
maximal assumption, the analyses are based on Ranch Hands with current dioxin levels
above 5 ppt. The maximal assumption presumes that Ranch Hands with levels between 5
ppt and 10 ppt were only exposed to such an extent that their body burden of dioxin has just :
recently decayed to levels equivalent to normal background. Ranch Hands with current dioxin
levels at or below S pp: were excluded from the analyses because of concerns raised by the
CDC regarding the validity of the half-life model to extrapolate initial dioxin levels using such
low dioxin levels. The minimal assumption is an attempt to focus the analyses on Ranch
Hands who are more likely to have been exposed during their tour. The maximal assurnption
focuses on those participants known to be part of Operation Ranch Hand but the analyses
may include some participants who possibly may not have been exposed to dioxin during their
tours. Each assumption defines the size of the Ranch Hand groups being analyzed. The use
of the terms “minimal” and “maximal” should not be interpreted as identifying those
participants with a particular level or magnitude of dioxin exposure.

The analyses identified under model 3 compare the health of Ranch Hands with current
dioxin values categorized as unknown (current dioxin at or below 10 ppt), low (current dioxin
above 15 ppt but not above 33.3 ppt), and high (current dioxin above 33.3 ppt) with
Comparisons having background levels (current dioxin at or below 10 ppt). “Unknown” is .
used as a description for Ranch Hands with current serum dioxin levels at background. Ranch
Hands with current dioxin levels at or below 10 ppt were placed in a separate category (i.e.,
unknown) because the exposure resulting from their Vietnam tour could not be differentiated
from background levels. Separating the unknown and low exposure categories by 5 ppt
reduces concerns about the assignment of a Ranch Hand to either of the categories when the-
current level is very near a defined cuipoint. To remove any doubt about possible exposure in
the Comparison group, any Comparisons having a current dioxin level above 10 ppt were
excluded. Eighteen Comparisons had a current dioxin level above 10 ppt. Chapter 3
graphically displays distributions of serum levels for Ranch Hands and Comparisons.

Organization of the Report
This report is organized as follows:

» Chapter 1 (Introduction) provides summary background information on AFHS and the
serum dioxin analysis; and discusses specific technical items/issues that may affect
the results of the different clinical area assessments.

¢ Chapter 2 (Dioxin Assay) describes the blood draw procedure used to determine the
serum dioxin measurements; the analytical method used to determine the dioxin level
from the serum; and QC procedures associated with the serum dioxin data.

« Chapter 3 (Relationship of Estimates of Dioxin and Exposure Index) provides a
comparison of the constructed exposure index used in previous reports to the
estimates of dioxin body burden used in this report.

» Chapter 4 (Statistical Methods) documents the statistical methods used in the |
individual clinical area assessments; and the statistical procedures and results of the
half-life analyses performed by the Air Force.

R B L I N I Sl T
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o Chapter § (Covariate Associations) examines the associations between dioxin and
the individual covariates used in the different clinical assessments.

e Chapters 6 through 17 present the results and medical discussion for each clinical
area from the statistical analyses of the dependent variables using the three models
described earlier in this chapter. Each chapter contains a brief overview of pertinent
scientific literature. More detailed summaries can be found in the report of the 1987
examination (1).

 Chapter 18 (Conclusions) summarizes the findings and medical discussion of the
statistical analyses performed for each of the 12 clinical aress.

+ Chapter 19 (Future Directions) summarizes the anticipated future activities, and
possible modifications to the existing instruments and methodologies used to
investigate the association between health status and dioxin exposure.

INTERPRETIVE CONSIDERATIONS

When interpreting the data presented in this report, careful consideration must be given
to bias, interactions, consistency, multiple testing, dose-response patterns, trends, power
limitations, strength of associadon, and biological credibility. Problems in evaluating negative
results, extrapoladng to other populations, and summarizing results also should be
considered.

Bias

With the introduction of the dioxin assay as the measure of exposure, important sources
of bias are reduced to violations of the underlying assumptions of the three models upon
which all analyses in this report are based. Closely associated with violation of assumptions
is the possibility that an important covariate may have been overiooked.

Biased results will be produced if the assumptions underlying any of the three statistical
models are violated. Of the three models, model 1 (see Chapter 4, Statistical Methods) is
the most vulnerable to this kind of bias, since it depends directly on two unvalidated
assumptions: (a) that dioxin elimination is by first-order pharmacokinetics and (b) that all
Ranch Hands have the same dioxir half-life (7.1 years). If dioxin eliminadon is first-order,
but some Ranch Hands have a shorter half-life than cthers (as suggested by unpublished
analysis of paired dioxin measurements on 36 Ranch Hands, see Chapter 4, pages 4-9
through 4-12), then there would have been misclassification of initial dioxin exposure. If the
clinical endpoint is not associated with a factor (e.g., relative weight change) that affects the
climination rate, then estimates of the odds ratio for common diseases associated with low
and high levels of initial dioxin will, in general, be biased toward unity. However, if the
clinical endpoint is assnciated with a factor that affects the elimination rate, then the odds
ratio will be biased away from unity.

The validity of the constant half-life assumption cannot be assessed untl the half-life
study is expanded to all 500 Ranch Hands with current levels above background (above 10
ppt). Paired dioxin measurements on each of these 500 Ranch Hands, one derived from
frozen serum samples collected in 1982 and the other from serum collected in 1987, will
permit investigation of half-life variability with changes in weight, percent body fat, and
disease since exposure. Assessment of the first-order elimination assumption will be based
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on up to five dioxin measurements collected serially on each of 20 males who were exposed
during a factory explosion near Seveso, Italy (3). The additional Air Force and Seveso data
will be available in 1991, :

Estimates of health effects derived from model 2 also could be biased if, for example,
some Ranch Hands were fast dioxin eliminators (have a short dioxin half-life) and some were
slow eliminators (have a long half-life). If this phenomenon was associated with a covariate
(e.g., relative weight change between 1982 and 1987), Jack of adjustment for this covariate
would bias estimates of the slope cr relative risk toward the null values (slope=0 and relative
risk=1). Further investigation of this possibility will occur during the expanded half-life
study, which is scheduled to begin in early 1991. A similar concern arises regarding
estimates of effect derived from model 3. If, for example, a health effect was expressed many
years after exposure, such an effect would probably be apparent in contrasts in disease rates
between the background group and Ranch Hands in the high current dioxin category with the
carliest tours of duty. The categorized current dioxin analyses were not adjusted for time
since tour, however. Hence, it might not be possible to detect such an effect with that model
because time since tour was not used for adjustment. This shortcoming is partially overcome
by analyses based on model 2, which are adjusted for time since tour and the interaction
between current dioxin and time.

Information bias, represented by overreporting disease symptoms, was precluded by
verifying all diseases and conditions with medical records. It is possible that Ranch Hand
conditions may be more verifiable because they may have been seen by physicians more often
than Comparisons; this would be revealed by group differences in the quantity and content of
medical records. Because currently there is no way to quantify these aspects, this potential
source of bias remains unexplored. This source, however, if it exists, would affect only
estimates of health effects derived from model 3 because Comparison data were not used in
the model 1 and model 2 analyses. Information bias due to errors in the data introduced
through data entry or machine error is negligible. All laboratory results were subject to strict
quality control procedures. Medical coding data were verified completely by medical record
review.

Adjustments for Covariates and Interactions

In previous reports, the focus was on overall group contrasts between all Ranch Hands

- and all Comparisons, which took advantage of the matched design. In those analyses, the
matching variables age, race, and occupation were eliminated effectively as confounders. The
present dioxin analyses within Ranch Hands and the categorized current dioxin analyses
within Ranch Hands and Comparisons are not benefited by the matched design. Military
occupation is a strong confounder because it is highly correlated with current dioxin levels in
Ranch Hands and is related to some health variables through socioeconomic differences
between officers and enlisted personnel. Education is highly associated with military occupa-
ton and certain psychometric results.

In addition, some covariates (e.g., percent body fat) may themselves be associated with
current dioxin level and, perhaps, through their relationship with dioxin, may be related to the
dependent health variable. In this situation, analyses of covariance adjusted for such a
covariate are not valid, since the assumed independence of the “treatment” (current or initial
dioxin) and the covariate is not met (4). There is no recourse but to analyze the data with
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and without adjustment for the covariate; both analyses potentially are biased. Thus,
unadjusted analyses must be viewed with caution and circumspection. Because some
covariates may act in an intervening manner relating the “treatment” to the dependent
variable, some adjusted analyses of covariance are themselves subject to bias. Bias intro-
duced by intervening covariates is unavoidable in an observational study.

The adjusted models assessed the statistical significance of interactions between dioxin
and the covariates to determine whether the relationship betweea dioxin and the dependent
variable (health-related endpoint) differed across levels of the covariate. In many instances
the clinical importance of a statistically significant dioxin-by-covariate interaction is unknown
or uncertain. The clinical relevance of a statistically significant interaction would be
strengthened if the same interacton persisted among related endpoints. It is recognized that
due to the large number of dioxin-by-covariate interactions that were examined for
approximately 300 variables, some of the dioxin-by-covariate interactions judgzd significant
at the 0.05 level might be spurious (i.e., chance occurrences not of biological or clinical
relevance). This should be considered when significant dioxin-by-covariate interactions are
interpreted. It is imporant that the size of the p-value associated with each dioxin-by-
covariate interaction be weighed carefully. For this reason models without the dioxin-by-
covariate interaction were implemented to address the possibility that some interactions may
arise from muiiiple testing (see Chapter 4).

Consistency

Ideally, an adverse heaith effect in Ranch Hands attributable to herbicide or dioxin
would be revealed by internally and externally consistent findings. An internally consistent
finding does not contradict prior information, other findings, or medical knowledge. An
externally consistent finding has been established either previously in theory or empirically
as related to exposure. :

The findings of positive trends of increasing abnormialities with increasing levels of
current dioxin with regard to lipids, percent body fat, and diabetes are internally consistent.
The observed associations between dioxin and Millon Clinical Multiaxial Inventory scale
scores appear inconsistent and isolated. They are not consistent between themselves or
with known patterns of psychological disorder.

Multiple Testing

Numerous dependent variables were considered because of the lack of a predefined
medical endpoint. Each dependent variable was analyzed in many different ways to
accommodate covariate information and different statistical models. In the hypothetical case
when Ranch Hand physical health is not related to dioxin, about 5 percent of the many
statistical tests of hypotheszs (dioxin effects and dioxin-by-covariate interactions) shown in
this report should be expected to detect an association between dioxin and health in Ranch
Hands (p-values<0.05). Observing significant results due to multiple testing, even when
there is no relationship berween dioxin and health, is known as the multiple-testing artifact
and is common in large studies. Unfortunately, there is no statistical procedure available to
distinguish between those statistically significant results that arise due to the multiple
testing artifact and those that may be due to a bona fide dioxin effect. Instead, in order to
weigh and interpret the findings, the authors have ccnsidered the strength of the association,
consistency, dose-response patterns, and biologic credibility.
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Trends

Assessing consistent and meaningful trends is essential when interpreting any large
study with multiple endpoints, clinical areas, and covariates. However, caution must be used
when assessing trends. Increased numbers of abnormalities or means with increased dioxin
Ievels across medically related variables within a clinical area might indicate a dioxin effect.
In this case, it is important to note that there is a moderate-to-strong correlation between
some endpoints. Hence, the strength of the trends also must be considered when assessing
the suspected association.

Power Limitations

The fixed size of the Ranch Hand cohort limits the ability of this study to detect a dioxin
association. This limitation is most obvious concerning specific types of cancer, such as soft
tissue sarcoma and non-Hodgkin’s lymphoma, which are so uncommon that fewer than two
cases are expected in this study, indicating that this study has virtually no statistical power
to detect iow-to-moderate associations (relative risks less than 5) with dioxin. On the other
hand, these sample sizes are sufficient to detect very small mean shifts in the continuously
distributed variables (see Chapter 4). For example, with regard to IgG, this study has
approximately 90 percent power to detect a mean shift of 1 percent. The detection of
significant mean shifts without a corresponding indicaton of increased Ranch Hand
abnormalities or disease is considered to be of little importance or it may be an artifact of
multiple testing. This study has good power to detect relative risks of 2.0 or more with
- respect to diseases, such as heart disease and basal cell carcinoma, occurring at prevalences
of at least 5 percent in unexposed populations.

In ar attempt to overcome the lack of power to detect group differences for specific types
of systemic cancer, all types of systemic cancer were combined into a single variable. It is
still possible, however, that an increased risk could exist for a particularly rare type of cancer,
allowing that increased risk to be missed in this study.

Strength of Association

Ideally, an adverse effect, if it exists, would be revealed by a strong association
between categorized current dioxin and a disease condition; that is, by a statistically
significant relative risk greater than 2.0 for Ranch Hands in the high current dioxin category
relative to the unexposed Comparisons (5). Statistically significant relative risks less than
2.0 are considered to be less important than larger risks because the relative risks less than
2.0 can easily arise due to unperceived bias or confounding. Relative risks greater than 5.0
are less subject to this concern. The numbers 2 and § are rules of thumb regarding analyses
of association between a dichotomous endpoint (disease, no disease) and dichotomized
exposure (exposed, unexposed). No such rules have been published regarding the analysis
of continuously distributed endpoints (such as cholesterol) versus continuously distributed
exposure (such as initial or current dioxin in models 1 and 2).

Biological Credibility
The assessment of biological credibility requires consideration of the following question.
In biological terms, can it be understood how the exposure under study could produce the

effect of interest? While a lack of biological credibility or even a contradiction of biological
knowledge can lead to the dismissal of a significant result, the failure to perceive a




mechanism may reflect only ignorance of the state of nature. On the other hand, it is easy to
ascribe biological mechanisms that relate almost any exposure to almost any cancer. Thus,
while pertinent, the response to this question is not always convincing. ‘

Interpretation of Negative Results

A 1985 study (6) presents minimal sample-size criteria for proof of safety and hazard in
studies of environmental and occupational exposures. The study was directed at rectifying
widespread misconceptions about proof of safety in the medical and scientific establishments
and in other groups involved in public health and safety. Thus, a lack of significant results
relating dioxin to a particular disease only means that this study is unable to detect a
relationship between dioxin and health. This does not imply that a relationship does not
exist, but that, if it does exist, it was not detected. A lack of significant results does not
mean that dioxin is safe or that there is no relationship between dioxin and health, because
this study is not designed, nor was it intended, to establish safety. This study was designed
to determine whether a hazard existed for the exposed personnel and not whether dioxin was
“safe.”

Interpretation of the CoefTicient of Determination

The coefficient of determination, R?, measures the proportionate reduction of the total
variation in a continuously distributed health variable y associated with the set of
independent variables in a linear regression. A large value of R2 does not necessarily imply
that the firted model is a useful one. Large values of R2 would occur, for example, if y is
regressed on an independent variable with only two observed values. On the other hand,
very small values of R2 are generally seen in observational studies because little or no
control has been applied in the assignment of the values of the “treatment” (initial or current
dicxin) or the conditions under which the “trearment” has been applied. In this study, the
dioxin measurements were taken many years after exposure and are themselvses subject to
measure.nent error. Thus, in most analyses, the valucs of R2 in this study are small.

Clinical Interpretation of Discrete versus Continuous Data

Small but significant mean differences in a continuously measured health variable (c.g.,
systolic blood pressure) between exposed and unexposed groups when there are no
corresponding differences in the percentage of abnormal tests are difficult to assess in any
study. In this study, significant mean differences are sometimes observed without a
corresponding group difference in the proportion outside the normal range. Such contrasting
situations may be interpreted as spurious outcomes of no clinical consequence, or as a
subclinical dioxin effect. Significant trends in the mean with increasing levals of dioxin are
interpreted as a dioxin-related effect if a corresponding trerd is seen in the prcportion above
or below the normal range.

Minimal versus Maximal Results

The minimal and maximal assumptions for Ranch Hands having background dioxin
levels (10 ppt) were imposed to address the unknown exposure history of this subgroup.
There were 345 Ranch Hands in this “unknown” category. In the minimal analyses, all of
these were cxcluded from the data set. In the maximal analyses, only those with less than or
equal to 5 ppt (n=124) were excluded. The intent of these two analyses was to “trap” the
true dioxin versus health relationship between them. The results of the maximal analyses




appear to be statistically significant more often than those of the minimal analyses. This
could be due to the larger sample size of the maximal cohort or it could be due to the
uncertainty of true exposure in Ranch Hands between 5 ppt and 10 ppt. There are no
additional data available at this ime with which to resolve these two interpretations.

Graphics ;

The histograms, scatter plots, and graphical descriptions of interactions were included
as aids to interpretation. The graphics alone are not sufficient to assess the relationship
between dioxin and health. For example, a trend may be seen in a plot, but it could be
statistically nonsignificant because the number of abnormalities is small. On the other hand,
a statistically significant result can be clarified by the graphics, especially if the result
depends on a few data points that appear far from the main cluster. Such points are iermed
“outliers” by statisticians. Outside of the initial quality control review activities, no
additional effort was made to identify statistically significant outliers in this report.

The Checkmark Pattern

In many model 3 analyses, the “unknown” Ranch Hand group has the lowest
percentage of abnormalities; this phenomenon is termed “the checkmark partern.” These
patterns are interesting but are without explanation at this time. Some reanalyses were
accomplished with adjustment for military rank (officers, enlisted personnel), but the
checkmark pattern remaired after adjustment. This effect will be a subject of continued focus
in future reports.

Extrapolation to Army Ground Troops

Extrapolation of the serum dicxin results to the general population of ground troops who
served in Vietnam is difficult because Ranch Hand and ground troop exposure situations were
quite different. Based on serum dioxin testing results done by CDC (7) and others (8),
nearly all ground troops tested have current levels of dioxin similar to background levels.
Even ground troops who served in herbicide-sprayed areas of Vietmam had current levels
indistinguishable from levels in men who never left the United States (with means of 4.2 ppt
and 4.1 ppt, respectively). The AFHS subgroup most like the ground troops in terms of
current dioxin levels are Ranch Hands who currently have background levels of dioxin (10 ppt
or less—designated as the “unknown” current dioxin category in the model 3 analyses).
Therefore, if the results of the AFHS are applied to the general population of Vietmam
veterans, the focus should be on the unknown Ranch Hand versus background Comparison
contrast in the model 3 analyses. However, extrapolating the results of these analyses to
Vietnam veterans should still be made cautiously. There may be demographic distinctions
between the unknown group of Ranch Hands and other Viemam veterans that may be related
to health. Also, if Ranch Hands in the unknown current dioxin category showed a significant
health detriment relative to Comparisons in the background category, but there was no
signiricant detriment for Ranch Hands in the high current dioxin categoery, the biological
plausibility of such an effect would be questionable because this would not indicate a dose-
response effect. In general, the adjusted model 3 analyses found that Ranch Hands in the
unknown current dioxin category did not show a significant heaith detriment r=latve to
Comparisons in the background current dioxin category. This was particularly true for the
variables that exhibited a significant high versus background contrast.
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Summary of Resnlts

Many readers of this report will attempt to tally statistically significant results across
clinical areas and study cycles. A study of this scope with a multitude of endpoints and no
prescribed strength of association to declare an effect demands, and at the same time defies,
meaningful summary tabulation. Such summaries can be misleading because they ignore
correlations between the endpoints, correlations between study-cycle results, and the
nonquantifiable medical importance of each endpoint. In fact, many endpoints are redundant
(e.g., psychological scales and indices developed from combining multiple variables) so as not
to miss a dioxin effect and some (such as those arising from measures of pulmonary function)
were not suspected beforehand to be related to dioxin exposure.

In addition, such tabulations combine endpoints that medically are not comparable. For
example, a diminished sense of smell is of less medical importance than the presence of
malignant neoplasm. Statisticians have attempted to summarize multidimensional repeated
measures data with growth curve analyses. Such methods were not used in this study
because they apply to continuously distributed data only, do not account for medical
importance, and reduce the data 0o much.

Neverthelsss, given the lack of adequate summary statistics, the tally of significant
results will occur. Such summaries can be misleading and must be interpreted carefully.

CONCLUSION

The interpretation of the AFHS requires careful consideration of potental biases,
interactions, consistency of results, the multiple-testing artifact, dose-response patterns,
trends, power limitations, strength of association, and biological credibility.
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CHAPTER 2
DIOXIN ASSAY

SAMPLE ACQUISITION

Blood for the serum dioxin assay was drawn on the morning of the second day of the
physical examination in 1987. Participants who volunteered to give blood for the dioxin assay
fasted after midnight (water was allowed). Blood was drawn from the participants with a 15-
gauge needle into a blood pack unit without anticoagulant. The blocd pack units had been
tested previously by the Centers for Disease Control (CDC) and were found to be free of
dioxin contamination. Participants selected for the immunology studies had 250 ml of blood
drawn; all others had 350 ml of blood drawn. After drawing, the bags were clamped, labeled,
placed upright at room temperature, and allowed to clot for 7 hours. Appendix B-1 contains
the Scripps Clinic and Research Foundation's (SCRF) procedure for the dioxin blood
collection and processing.

The unit bags were centrifuged for 15 minutes at 4500 RPM at a temperature of 4°C to
10°C. The serum was then transferred to transfer packs (also dioxin-free) from the spun unit
bag by a plasma exwmactor. The mansfer packs were spun for 15 minutes at 4500 RPM. The
serum was then placed into four Wheaton bottles: two 4-ounce bottles for the serum dioxin
analysis, a 5 ml bottle for the lipid profile, and a 10 ml bottle for reserve serum. Samples
were Jogged and stored at -20°C or less untl shipment. Frozen samples, packed in dry ..c 1n
styrofoamn boxes, were shipped twice weekly from SCRF, La Jolla, California, to Brooks Air
Force Base, Texas. At Brooks Air Force Base, inventory was taken and the specimens were
stored at -70°C until shipment to the CDC. All samples were coded so that the CDC was
blinded to the group status (Ranch Hand, Comparison) of each specimen.

ANALYTICAL METHOD

The serum samples were analyzed for dioxin in analytical runs that consisted of a
method blank, three unknown samples, and a quality contro! pool sample (1, 2). Cholesterol
esters, triglycerides, and hign-density lipoprotein cholesterol were determined in duplicate by
standard methods. Total phospholipids were determined in duplicate by modifying (3) the
Folch et al. procedure (4). Fresh cholesterol was determined in duplicate by an enzymatic
method (5). For each analysis, the results of the duplicate analyses were averaged and the
mean was used. These results were used to calculate the concentrations of (a) total lipids
using the summation method (6), (b) low-density lipoprotein cholesterol, and (¢c) very low-
density lipoprotein cholesterol (7).

QUALITY CONTROL

Quality assurance was maintained with matrix-based materiais that are well
characterized for dioxin concentration and isotope ratios to ensure that the analytical system
was in control. Quality control (QC) charts were maintained for each of these materials (five
serum pools). The concentration in the QC sample from each analytical run must be within 99
percent confidence limits established for the QC material (8, 9). The unlabeled and carbon-13
labeled internal standard isotope ratios must be within 95 percent confidence limits. All
analytical runs for the dioxin and lipid measurements were in control. No dioxin was detected
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TABLE 2-1.

Report Field Definition
Report
Field
Value Definition
G Good result .
GML ‘ Good result, missing lipids
GND Good result, below limit of detection
GNQ Good result, below limit of quantitation
NR No result '

in the blanks (on-column injection of 100 ferntograms from a standard solution produces
detectable signals that are greater than three times the background noise).

DATA DELIVERED TO THE AIR FORCE BY THE CENTERS FOR DISEASE
CONTROL :

The dioxin data used in this report were derived from a data base of results on 932
Ranch Hands and 888 Comparisons delivered by the CDC in January 1990. The CDC sent
data on whole-weight and lipid-weight dioxin concentrations to the Air Force together with
the total sanple weight, weights of lipid fractions, total lipid weight, the detection limit,
quantitation limit, and all associated QC information, including results from blank samples.
Table 2-1 defines a “report” field in the data base.

Some participants (150 Ranch Hands and 50 Comparisons) participated in a pilot dioxin
study in April 1987 (8). Four of these (three Ranch Hands and one Comparison) had a
missing dioxin result (report=NR), the rest had good results (report=G). The remaining 147
Ranch Hands and 49 Comparisons were included in the dioxin data base from which the
analysis data set for this report was derived. Of these, 145 Ranch Hands and 48
Comparisons were also fully compliant to the 1987 physical examination. Forty-seven of the
pilot study participants (43 Ranch Hands and 4 Comparisons) also had blood drawn for the
dioxin assay at the 1987 physical examination (May 1987 through March 1988). If a
participant was assayed during the pilot study but not at the 1987 physical examination, or if

he was assayed at the pilot study and at the 1987 physical examination, then his pilot study
assay was used.

Tatle 2-2 shows counts of study participants by group, report, and compliance to the
1987 physical examination.




TABLE 2-2.

Sampie Sizes by Group, Report, and Compliance to the
1987 Physical Examination

Ranch Hand | Comparison
Fully Fully
Report Compliant Noncompliant Compliant Noncompliant
G 858 2 761 1
GML 0 0 1 0
GND 8 0 43 0
GNQ 20 0 51 0
NR 44 0 31 0
Total 930 2 887 1

Missing dioxin results (report=NR or GML) and nonquantitatable dioxin results
(report=GNQ) were excluded from analysis in this report. The resulting effective sample
sizes (866 Ranch Hands and 804 Comparisons) were determined by the condition that the

participants were fully compliant to the 1987 physical examination. Table 2-3 summarizes
this sample size reduction.

TABLE 2-3.
Sample Sizes Used in This Report

Ranch Hand Comparison

Fully compliant to 1987 physical
examination and assayed for dioxin 930 837
Report
Less GNQ (20) (51
NR {44) (31)
GML (0) (1)
Total 866 804




TABLE 244,
Dioxin Result Summary of 866 Ranch Hands and 804 Comparisons

Ranch Hands Comparisons
Stratum n Median Range n Median Range
Officer 319 7.8 0-42.6 291 4.7 0-18.5
Enlisted Flyer 148 18.1 0-195.5 127 4.0 0-12.8
Enlisted Groundcrew 399 24.0 0-617.8 386 4.0 0-54.8
Total 866 12.8 0-617.8 804 4.2 0-54.8

Table 2-4 summarizes, by military occupation and group, the dioxin results among the
866 Ranch Hands and 804 Comparisons whose results were used in analyses of dioxin
versus health in this report.

The 95th, 98th, and 99th percentiles of the Ranch Hand dioxin distribution were 110.8,
168.0, and 211.0 ppt; the corresponding Comparison percentiles were 8.3, 10.2, and 14.2 ppt.

CDC subsequently provided 314 Comparison dioxin results after January 1990 (the
beginning date for statstical analyses involving Comparison data). Of these 314 dioxin
results, 253 had a report field value of G or GND, 24 had a report field value of GNQ, and 37
had a report field value of NR (no result). Of the 253 Comparisons, the median current dioxin
result was 4.1 ppt, the range of levels was between O ppt and 13.6 ppt, and the first and third
qQuartiles were 2.9 ppt and 5.8 ppt. The percentages of the 253 Comparisons and of the 804
Comparisons analyzed in this report, having levels less than 10 ppt, were 97.8 and 97.6,
respectively. A statistical contrast of the dioxin distributions of these 253 and the 804
Comparisons included in this report revealed no significant difference (p=0.15), as expected.

The phrase “serum dioxin” is used throughout this report and is defined as the serum
lipid-weight concentration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Its relationship
with dioxin concentrations in other compartments, such as adipose tissue, is a subject of
continuing research. The lipid-weight dioxin measurement, also called “current dioxin body
burden” in this report, is a derived quantity calculated from the formula ppt = ppq-102.6/W,
where ppt is the lipid-weight concentration, ppq is the actual weight of dioxin in the sample in
femtograms, 102.6 corrects for the average deisity of serum, and W is the total lipid weight of
the sample (9). The correlation between the serum lipid-weight concentration and adipose
tissue lipid-weight concentration of TCDD has been observed to be 0.98 in 50 persons from
Missouri (10). Using the same data, Patterson et al. calculated the partitioning ratio of dioxin
between adipose tissue and serum on a lipid-weight basis as 1.09 (95% C.L: [0.97,1.21)).
On the basis of these data, a one-to-one partitioning ratio of dioxin between lipids in adipose
tissue and the lipids in serum cannot be excluded. Measurements of dioxin in adipose tissue
generally have been accepted as representing the body burden concentration of dioxin. The




AT

high correlation between serum dioxin levels and adipose tissue dioxin levels in their study
suggests that serum dioxin is also a valid measurement of dioxin body burden.
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CHAPTER 3

THE RELATIONSHIP BETWEEN THE EXPOSURE INDEX AND
DIOXIN BODY BURDENS IN RAIWCH HANDS

INTRODUCTION

An increased prevalence of adverse health effects at higher levels of exposure
represents the classic dose-response relationship sought in any study of environmental or
occupational exposure to potentially toxic substances. In previous Air Force Health Study
(AFHS) reports, the potential relationship between clinical endpoints and herbicide exposure
in Ranch Hands was assessed using a calculated estimate of TCDD exposure, hereafter
called the exposure index.

The exposure index was constructed solely from available historical data to measure the
potential exposure of a Ranch Hand to any of four 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD)-containing herbicides: Herbicides Orange, Purple, Pink, and Green (1). The index
was only an estimate of exposure, because the actual concentration of TCDD in the
herbicides varied with type and lot as well as with individual work habits and duties. The
calculaton of the index was necessary because actual measures of dioxin exposure on
individuals during or just after their Southeast Asia tours were not feasible at that time.

Exposure Index Definition

The exposure index for a Ranch Hand was defined as the product of a TCDD weighting
factor and the gallons of TCDD herbicides sprayed during his tour divided by the number of
Ranch Hands sharing his duties during his tour. The TCDD weighting factor reflected the
estimated relative concentration of TCDD in the herbicides sprayed; these were 2 ppm in
Herbicide Orange, 33 ppm in Herbicide Purple, 66 ppm in Herbicide Pink, and 66 ppm in
Herbicide Green, as determined from archived samples (1). Based on procurement records
and historical spray records, a combination of Herbicides Green, Pink, and Purple was
sprayed between January 1962 and June 1965. The estimated mean concentraton of TCDD in
this combination during that period was 48 ppm. The “Herbs" tape and other data sources
(1) indicate that only Herbicide Orange was sprayed by Operation Ranch Hand after 1 July
1965. Normalizing ‘o Herbicide Orange, the weighting factor was defined as 24 for a Ranch
Hand with a tour of duty before 1 July 1965 and as 1 for a Ranch Hand with a tour of duty after
1 July 1965.

A table showing gallons of TCDD-containing herbicide sprayed for each month of the
Ranch Hand operation was constructed using data derived from the Herbs tape,
Contemporary Historical Evaluation and Combat Reports, and quarterly operations reports.
Gallons of Herbicides Purple, Pink, and Green were converted to Herbicide Orange
equivalents based on the TCDD weighting factor. Appendix B-2 contains this table.

The tour dates and military occupation of each Ranch Hand were verified by review of
military records. The study design reduced the many occupational categories (specified by an
Air Force Specialty Code) to five: (1) officer-pilot, (2) officer-navigator, (3) officer-nonflying,
(4) enlisted flyer, and (5) enlisted groundcrew. Afier computing the index for each Ranch
Hand, he was placed in one of three exposure categories (“low,” “medium,” and “high™
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TABLE 3-1.

Exposure Index Categorization of 866 Fully Compliant
Ranch Hands With TCDD Results

Effective Herbicide
Exposure Orange Gallons Number ot: Ranch Hand
Index Corresponding to Participants in
QOccupation Category Exposure Index Category Exposure Index Category
Officer Low <35,000 109
Medium 35,000-70,000 104
High >70,000 106
Enlisied Low <50,000 43
Flyer Medium 50,000-85,000 57
High >85,000 48
Enlisted Low <20,000 127
Groundcrew Medium 20,000-27,000 139
High >27,000 133
Total 866

according to the tertiles of the index in three occupational categories: officer, enlisted flyer,
and enlisted groundcrew. The officer category consisted of officers who were pilots,
navigators, or nonflyers. Table 3-1 shows counts of the 866 Ranch Hands who subsequently
had serum levels determined and who were fully compliant to the 1987 examination according
to their assigned exposure index category. Nonflying officers were assigned an exposure
index value of zero and were placed in the “low” category of exposure.

The index was not useful for assessing the exposure of any specific individual because it
did not account for variation in exposures due to work habits and duties. For example, it was
known that some Ranch Hand enlisted ground personnel primarily were occupied with
administrative duties and probably had little actual contact with herbicides. Other enlisted
Ranch Hands periodically greased an emergency dump valve inside the spray tank. To do

this, the Ranch Hand had to enter the spray tank and apply the grease to a valve at the
bottom of the tank which contained at least 2 inches of herbicide.

In past reports, every clinical endpoint was evaluated for a dose-response effect versus
the calculated exposure index. Few significant trends were found. Those that were found
were not consistent with other findings or were medically implausible or both.
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The Dioxin Assay

The dioxin assay provides a direct measurement of current dioxin burden which,
together with assumptions regarding the decay process, provides an approximate measure of
TCDD exposure in Ranch Hands and Comparisons. The assay is preferred over the
calculated exposure index, because it is a direct rather than indirect measure of TCDD
exposure. Confidence in the assay as a measure of TCDD exposure is heightened by the
following: (a) Ranch Hand results are generally greater than those of the Comparisons, and
(b) Ranch Hand results are logically placed relative to those of industrially exposed
individuals and people exposed to TZDD in Seveso, Italy (2). Additionally, differences in
TCDD body burdens between the three occupational groups within the Ranch Hand group are
in accordance with recent information regarding the relative exposure of the occupational
cohorts gleaned from interviews of two Ranch Hand crew chiefs, administered before any
Ranch Hands were assayed for TCDD. Based on those interviews, it appears that Ranch
Hand groundcrew had more opportunity for cutaneous exposure than enlisted flyers or officers
and that enlisted flyers had more opportunity than officers for cutaneous exposure and
inhalation of herbicide spray. These aspects will be investigated during an analysis of a
questionnaire administered to all assayed Ranch Hand enlisted ground personne! before they
received their serum dioxin assay results. These men were asked whether they entered the
spray tank to service the dump valve and if so, how often. Other questons addressed daily
exposures reported by crew chiefs during in-person interviews at Brooks Air Force Base,
Texas, in 1988.

The relative position of the Ranch Hznd results in contrast to other study cohorts lends
credence to the assay as a measure of TCDD exposure. The Ranch Hand serum dioxin
results are less than those observed in people exposed in Seveso, Italy, and are greater than
those observed in U.S. Army ground troops and the Air Force Comparison cohort. Ranch
Hand dioxin results are also generally less than those observed in a National Institute for

Occupational Safety and Heulth study of workers who produced trichlorophenol and its
derivatives (3).

The Exposure Index versus the Dioxin Assay

The relationship between the assay results and the exposure index provides an
indication of the extent to which Ranch Hands have been misclassified by the exposure index.
Figure 3-1 shows a scatter plot of the extrapolated initial dioxin concentrations of the 742
Ranch Hands in the maximal cohort (having current dioxin greater than § ppt; see Chapter 4,
Statistical Methods) versus the continuously distributed exposure index. The extrapolated
initial dioxin concentration (I) was computed from the current dioxin level (C) and the time in
years between the end of the Viemam tour and the dioxin blood draw (T) with the formula I =
C-2P, where P=T/7.1.

o Bot{x distributions are highly skewed, hence the concentration of observations near the
origin. Figure 3-2 shows the bivariate scatter plot of the logarithms of these quantities. The

logarithms are taken to the base 2 and 1 was added to the exposure index prior to taking the
logarithm,

.’I'hc corresponding scatter plets of currsnt dioxin versus the exposure index and the
logarithms of these quantities in all 866 Ranch Hands fully compliant to the 1987 examination
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having a dioxin result are shown in Figures 3-3 and 3-4. Figures 3-5 through 3-7 show the
logarithmic scatter plots within each of the three occupational strata (officer, enlisted flyer,
enlisted groundcrew). One ppt was added to each current dioxin concentration value before
taking the logarithm.

The relationship between the assay result and the exposure index is weak in view of
these scatter plots; the same situation holds within each of the three occupational categories,
as evident from the plots. Using only nonzero dioxin and exposvre index values, Table 3-2
presents correlations between the logarithm of the dioxin results and the logarithm of the
exposure index.

Because the categorized exposure index, rather than th . continuously distributed index
shown in the plots, was used in the assessment of exposure trends in prior reports, the
relationship between this categorized index and categories of current dioxin is also of
interest. Table 3-3 shows a cross-tabulation of Ranch Hands using the prior exposure index
versus current dioxin levels. The cutpoints for the low, medium, and high current dioxin levels

TABLE 3-2.

Correlations Between Log (Current Dioxin) and Log (Exposure Index) in
Ranch Hands With Current Dioxin and Exposure Greater Than Zero

Stratum N Correlation p-Value

Officer 295 0.10 0.082

Enlisted Flyer 143 033 <0.001

Enlisted Groundcrew 347 0.12 0.024

All 785 -0.10 0.003
TABLE 3-3.

Categorized Exposure Index versus Current Dioxin
Levels in Ranch Hands

Current Exposure Index

Dioxin

Level Zero Low Medium High Total
0-5 ppt 7 52 28 37 124
Low. 6 76 52 51 185
Mcdmm 6 109 134 121 : 370
High 0 - 23 86 78 187
Total 19 260 300 287 P56
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are those used in tabular displays for the maximal assumption (see Explanation of Tables
section in Chapter 4). The 0-5 ppt level was, of course, excluded under the maximal
assumption.

Table 3-4 presents a breakdown within each of the three occupational strata,

Tables 3-5 and 3-6 show the relationship between initiai dioxin body burden levels and
the categorized exposure index. Ranch Hands with current dioxin less than or equal to 5 ppt
were assigned a “missing” initial dioxin level. The cutpoints for the low, medium, and high
initial dioxin levels are those used in tabular displays for the maximal assumptxon (see
Explanation of Tables section in Chapter 4).

The logarithm of the current dioxin concentration is approximately lognormally
distributed. Figure 3-8 shows the distribution of the logarithm of one plus the current dioxin
concentration among the 804 Comparisons fully compliant to the 1987 examination and having

TABLE 3-4.

Categorized Exposure Index versus Current Dioxin Levels in
Ranch Hands by Occupation

Current Exposure Index
Dioxin '
Occupation Level Zero Low Medium High Total
Officer 0-5 ppt 7 25 19 22 73
Low 6 38 41 33 118
Medium 6 26 44 50 126
High 0 1 0 1 2
Total 19 90 104 106 319
Enlisted 0-5 ppt 0 9 3 4 156
Flyer Low 0 11 4 6 21
Medium 0 21 35 20 76
High 0 2 15 18 35
Total 0 43 57 43 148
Enlisted 0-5 ppt 0 18 6 11 35
Groundcrew Low 0 27 7 12 46
Medium 0 62 55 51 168
High 0 20 71 59 150
Total 0 127 139 133 399

-,. P _ -.,4,_. - g -’ ¥ m _ m _ _ -
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TABLE 3-5.

Categorized Exposure Index versus Initial Dioxin
Level in Ranch Hands

Initial Exposure Index
Dioxin
Level Zero Low Medium High Total
Missing 7 52 28 37 124
Low 5 87 53 4; 185
Medium 7 99 138 127 371
High 0 22 81 83 186
Total 19 260 300 287 866
TABLE 3-6.
Categorized Exposure Index versus Initial Dioxin Level in
Ranch Hands by Occupation
Initial Exposure Index
Dioxin
Occupation Level Zero Low Mediym  High Total
Officer Missing 7 25 19 22 73
Low 5 44 39 30 118
Medium 7 20 46 53 126
High C 1 0 1 2
Total 19 %0 104 106 319
Enlisted Missing 0 9 3 4 16
Flyer Low 0 11 6 3 20
Medium 0 21 34 21 76
High 0 2 14 20 36
Total 0 43 57 48 148
Enlisted Missing 0 18 6 11 35
Groundcrew Low 0 32 8 7 47
Medium 0 58 58 53 169
High 0 19 57 62 148
Total 0 127 139 133 399
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a dioxin assay result. A normal distribution was fit to these data and a multiple of the
probability density function is plotted on the same graph. The fit is improved when the
histogram is restricted to those Comparisons (n=762) having positive concenirations, as
shown in Figure 3-9. The histogram of the logarithm of one plus current dioxin body burden in

- Ranch Hands is shown in Figure 3-10 with a multiple of the probability density function of the

fitted normal distribution shown on the same plot.

SUMMARY

The indirectly calculated exposure index derived solely from personnel records and
historical information has wide precedent in epidemiology. These data suggest that the work
history-based exposure index methodology should be reconsidered in studies with exposures
of short duration and low relative risks. The correlation between the AFHS exposure index
and the dioxin body burden (current or initial levels) is weak although statistcally significant.
Cross tabulations of dioxin body burden levels versus the categorized exposure index, shown
in Tables 3-2 through 3-6, indicate considerable misclassification if the dioxin measure
(initial or current dioxin) is taken as the standard.

The dioxin measure is the preferred index of exposure because (a) it is a direct, rather
than indirect measure of exposure, (b) the Ranch Hand levels appear logically placed relative
to other cohorts, and (c) the within-occupation stratum levels appear to agree with exposure
patterns described in Ranch Hand crew chief interviews conducted before the assay became
available to participants in the AFHS.

Estimates of initial dioxin exposure will be improved with increased knowledge
regarding its elimination in humans. New data in the Ranch Hand cohort and in peopie
exposed to dioxin in Seveso, Italy, will be collected. The Seveso data will be used to
evaluate the first-order elimination assumption. Variation in half-life with disease and
changes in weight and body fat will be assessed with Ranch Hand data if the first-order
elimination assumption (see Chapter 4) is supported by the Seveso data.
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CHAPTER 4
STATISTICAL METHODS

This chapter summarizes statistical methods that were used for investigating
relationships between serum dioxin measurements and health status of Ranch Hands and
Comparisons. Current body burden dioxin levels were determined by the Centers for Disease
Control (CDC) from serum samgles taken from Ranch Hands and Comparisons. A variety of
statistical procedures were applied to evaluate the relationships between specific health
endpoints and dioxin, as ineasured from these serum samples.

Prior Knowledge Regarding Dioxin

This study presents statistical analyses based on assumptions and models that were
conceived in 1988 after the publication of the Ranch Hand dioxin pilot study and half-life
substudy. At that time, available data regarding the elimination of dioxin in humans
suggested that

* Measurements following the ingestion of dioxin by an individual showed that dioxin
elimination appeared to be by first-order mechanisms (1).

* Air Force data on 36 Ranch Hand veterans with dioxin body burdens measured in
blood drawn in 1982 and in 1987 produced a median half-life estimate of 7.1 years (2).
The lack of correlation between individual half-lives and current dioxin levels
supported the first-order elimination assumption.

' I MODELS AND ASSUMPTIONS
* Assay results on 932 Ranch Hands and 888 Comparisons showed that the
l concentrations were lognormally distributed with the Ranch Hand distribution
significantly shifted to the right of the Comparison diswibution. The Comparison
median was 4.2 ppt; the 98th percentile of the Comparison distribution was 10.17 ppt.

I The Ranch Hand median was 12.8 ppt and the 98th percentile was 168 ppt. Based on

these data, levels at or below 10 ppt were considered background.

l The term “climination” denotes the overall removal of dioxin from the body. Some
analyses in this report assume that the amount of dioxin in the body (C) decays exponentially
with time according to the model C = Isexp(-rT), where I is the inital level, r = log2/H, H is
the half-life, and T is the time between the end of the Vietnam tour and the dioxin blood draw

at the 1987 physical examination; this exponential decay law is termed first-order elimination
in this report.

. ’/,.

The first-order elimination assumption is not equivalent to assuming a one compartment
“20del for dioxin distribution within the body. While a multicompartment model incorporating
I bcdy composition and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) binding to tissue
receptors would provide a deta‘led description of dioxin concentrations in different
compartments, published multicompartment models for TCDD distribution within the body

l predict first-order elimination of TCDD, overwhelmingly due to fecal excretion (3). Direct
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assessment of the first-order assumption with serial dioxin results taken over many years on
a number of exposed individuals has not been, as yet, carried out.

The term “body burden” refers to the serum lipid-weight concentration of TCDD,
expressed in parts per trillion (4, 5). The lipid-weight dioxin measurement, also called
current dioxin body burden in this report, is a derived quantity calculated from the formula
ppt = ppqe102.6/W, where ppt is the lipid-weight concentration, ppq is the actual weight of
dioxin in the sample in femtograms, 102.6 corrects for the average density of serum, and W is
the total lipid weight of the sample (4).

The relationship between the serum lipid-weight concentration of dioxin and lipid-
weight concentrations in adipose tissue is a subject of continuing research. The correlation
between the serum lipid-weight concentration and adipose tissue lipid-weight concentration
of dioxin has been observed by Patterson et al. to be 0.98 in 50 persons from Missouri (6).
Using the ame data, Patterson et al. calculated the partitioning ratio of dioxin between
adipose tissue and serum on a lipid-weight basis as 1.09 (95% C.L: [0.97,1.21]). On the
basis of these data, a one-to-one partitioning ratio of dioxin betwe-.n lipids in adipose tssue
and the lipids in serum cannot be excluded. Measurements of dioxin in adipose tissue
generaly have been accepted ds representing the body burden ccucentration of dioxin. The
high correlation between_serum dioxin levels and adipose tissue dioxin levels in the
Patterson et al. study suggests. that serum dioxin is also a valid measurement of dioxin body
burden. s '

Fundamental Limitations of the Serum Dioxin Data
There are two evident limitations to the available data:

1) While Ranch Hand and ingestion data do not appear to violate a first-order
elimination assumption, no serially repeated dioxin assay results taken over many
years are available yet with which to evaluate directly the adequacy of the first-
order elimination model in humans. '

2) At this time, it has not been determined whether Ranch Hands with dioxin burdens
at or below 10 ppt were exposed and their body burdens had decayed to background
levels since their duty in Vietnam or whether they were not exposed at all during
their tour in Vietnam.

Health versus Dioxin in Ranch Hands

Because first-order elimination is suggested, but not validated directly in humans, the
dioxin versus health relationship was assessed within Ranch Hands using two mcdels. The
first model directly depends upon the first-order elimination assumption; the second does not.
In combination, these two models circumvent the first fundamental limitation by assessing
the dioxin versus health relationship with and without first-crder elimination. Table 4-1
shows these two models, their assumptions, advantages, and disadvantages for a con-
tinuously distributed health variable y.
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In Table 4-1, the phrase “single dioxin dose” is a simplification of the process by which
Ranch Hands accumulated dioxin during their tour of duty in Vietmam. This process, which
undoubtedly varied from individual to individual, is unknown. However, the Ranch Hand tours
generally were short {1 to 3 years) relative to the time elapsed since their tours. Hence,
additional knowledge regarding the accumulation of dioxin during an individual Ranch Hand’s
tour, were it to become available, likely would not change conclusions drawn from any of the
statistical analyses presented in this report.

Analyses based on model 1 are dependent directly on the first-order elimination
assumption, while those based on model 2 are not. With model 1 one assumes that
elimination is first-order and that the half-life is 7.1 vears for all Ranch Hands. With model 2
one assumes nothing about the kinetics of dioxin elimination other than Ranch Hands
received a dose in Vietnam a..d that their body burdens have decreased in an unspecified
manner with time. Thus, with model 1 one assumes “everything” is known about dioxiil
elimination in Ranch Hands; with model 2 one assumes “nothing” about dioxin elimination in
Ranch Hands. All health data were analyzed with both models to reduce the likelihood that
an effect would be missed due to incorrect assumptions regarding dioxin elimination.

The introduction of the time-by-current dioxin interaction term (b;Tlog, [C]) in model 2

allows investigation of the dioxin bzaith relationship with respect to dme. For example, such
an effect would be detected by model 2 if there was no relationship betwecn Lealth and dioxin
in the first few years after exposure and a strong positive relationship many years after
exposure. In this case, if the effect were strong enough, it would be detected by the
interaction coefficient (by) being significantly different from zero. Following that, analyses
within time strata would find the coefficient (b,) of log, (C) significantly different from zero
and positive for large values of time (T); no significant difference between b, and 0 for small

values of T would be found. It is important to note that a significant effect of this kind could

be due to the passage of time or to a higher initial dioxin level received by Ranch Hands in the
later time stratum or both of these.

Analyses based on models 1 and 2 were carried out both adjusted and unadjusted for
covariates.

——— e e e T ans e g e Lt nmlo St oaax b owm B T O I
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No additional data or other information exist to determine whether any of the Ranch
Hands with background levels (10 ppt) of current dioxin (n=345) received a dose above
background levels'in Viemam. To accommodate this lack of knowledge, all analvses based
on models 1 and 2 were carried out with these Ranch Hands excluded. Additonally, since 10
ppt may be considered arbitrary or too conservative, all analyses based on imnudels 1 and 2
were carried out with Ranch Hands having less than or equal to 5 ppt (n=124) excluded.
With the second approach, it is assumed that Ranch Hands currently having more than 5 ppt
(the approximate Comparison median) were exposed in Vietnam and those with less than 5
ppt were not. These two assumptions are termed “minimal” (Ranch Hands with more than

10 ppt were exposed in Vietnam) and “maximal” (Ranch Hands with more than 5 ppt were
exposed in Vietnam).

e

4-3

—Wm%' potee o |




TABLE 4-1.

Models 1 and 2 for Assessing Health versus Dioxin in Ranch Hands Only:
Assumptions, Advantages, and Disadvantages

Model 1: y =0, + Bilog2M + ¢

where
y = health variable
I = extrapolated initial dose, assuming first-order elimination, I = Ceexp(log2+T/H)
T = time between the end of the Vietnam Ranch Hand tour of duty and the 1987 physical

examination ‘
C = current dioxin body burden, determined in 1987
H = dioxin half-life in Ranch Hands assuming first-order elimination (7.1 years)
¢ = zero mcan normal error

Assumpnonsf Ranch Hands received a smgle dioxin dose in Vietnam and
background exposure thereafter.

Ranch Hands experienced first-order dioxin elimination with a
constant known half-life of 7.1 years.

The error variance does not change with health status (y) or initial
dioxin dose (I).

Advantages: Easily interpretable,

Most efficient if first-order elimination and constant half-life are
valid assumptions and y is linearly related to loga(I)

Disadvantages: Will be biased if first-order elumnatxon or constant half-life
assumption is not valid.

Does not address time-related effects.
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TABLE 4-1. (Continued)

Models 1 and 2 for Assessing Health versus Dioxin in Ranch Hands Only:

Assumptions, Advantages, and Disadvantages

Model 2: y = + Blog2(C) + BT + B3Tlog2(C) + ¢

where

e B B

health variable

time between the end of the Viemam Ranch Hand tour of duty and the 1987 physical

-examination

current dioxin body burden, determined in 1987
zero mean normal error

Assumptions:

Advantages:

Disadvantages:

Ranch Hands received a single dioxin dose in Vietnam and
background exposure thereafter.

Ranch Hand dioxin body burdens changed with time (T) in the same
way for all individuals.

The dioxin versus health relationship may change with time (T).
The error variance does not change with values of the health
variable (y), the current dioxin body burden (C), time (T), or the
product of time and the logarithm of the current dioxin body burden
(T log2{CD).

Does not depend on any particular elimination law or half-life
assumptions.

Assesses time-related effects.
Less easily interpreted than model 1.

Less efficient than model 1 if first-order elimination and constant
half-life are valid assumptions and y is linearly related to loga(D).

Biased if any of the assumptions are violated.
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In summary, to address the second fundamental limitation, two assumptions abc'm.t
Ranch Hands with current dioxin body burdens less than 10 ppt were made. These minimal
and maximal assumptions are :

o Minimal assumption: Ranch Hands with less than or equal to 10 ppt were not
exposed to dioxin in Vietnam

¢ Maximal assumption: Ranch Hands with less than or equal to 5 ppt were not
exposed to dioxin in Vietnam.

The terms minimal and maximal were given because fewer Ranch Hands were exposed
under the minimal than under the maximal assumption. The numbers 5 and 10 correspond to
the approximate median and 98th percentile of the Comparison current dioxin distribution.
Based on this Comparison dioxin distribution, current dioxin levels less than 10 ppt are called
background levels.

To assess the dioxin versus health relatonship while addressing the second
fundamental limitation, all analyses based on models 1 and 2 were carried out under the
minimal and again under the maximal assumptions. Under the minimal assumption. Ranch
Hands withless than or equal to 10 ppt were excluded from the analyses. Under the maximal
assumption, Ranch Hands with less than or equal to 5 ppt were excluded from the analyses.

Table 4-2 shows counts of exposed Ranch Hands under the minimal and maximal
assumptions with initial and current dioxin trichotomized for tabular presentation. Ranch
Hands under the maximal assumption are termed the “maximal cohort”; those under the
minimal assumption are termed the “minimal cohort.” The time between the end of tour and
the 1987 physical examination is dichotomized at 18.6 years (corresponding approximately to
the year 1969), the approximate median of the maximal cohort. The cutpoints for stratifying

dioxin levels (I and C) were the approximate 25th and 75th percentiles and were specific to a
particular cohort.

Health versus Dioxin in Ranch Hands and Comparisons

Finally, an assessment of the health consequences of current dioxin body burdens above
background was carried out with a third model (model 3) that required no assumptions about
when or how increased dioxin body burdens were attained and was applied to both Ranch
Hand and Comparisoi: data. This model assessed health versus categorized current dioxin
body burden (D) with four levels, found in Table 4-3

.

The cutpoint between the low and high categories, 33.3 ppt, is the approximate median
dioxin level of Ranch Hands having more than 15 ppt. Ranch Hands having between 10 ppt
and 15 ppt were excluded from these categorized dioxin analyses in an attempt to avoid
misclassification of Ranch Hands to the unknown and low categories due to various sources
of variation in the dioxin measurement.

Table 4-4: shows counts of participants within each level of categorized current dioxin.
The relationship between current health and categorized dioxin body burden was based on
the model shown in Table 4-5.




TABLE 4-2.

Ranch Hand Sample Sizes Under the Minimal and Maximal Assumptions

ioxi Current Dioxin ()
Stratum T<18.6 T>18.6
Assumption Name Stratum Count Stratum Count Count
Minimal Low 52<1<93 130 10<Cg14.65 72 58
Medium  93<I<292 260 14.65<C<45.75 128 132
High 292<I 131 45.75<C 54 77
Total 521 254 267
Maximal Low 25<1<56.9 185 5<C<9.01 106 79
Medium  56.9<I<218 371 9.01<Cs33.3 191 179
High 218«I 186 33.3<C 83 104
Total 742 380 362
TABLE 4-3.

Current Dioxin Body Burden (D) Categorized in Ranch Hands

and Comparisons for Model 3

Value Definition

Background Comparisons with up to 10 ppt

Unknown Ranch Hands with up to 10 ppt

ng Ranch Hands with more than 15 and up to 33.3 ppt
High Ranch Hands with more than 33.3 ppt

4.7



TABLE 4-4.
Counts of Participants by Level of Categorized Current Dioxin (D)

Level Count

Background , 786

Unknown 345

Low 196

High 187

Total - 1,514
TABLE 4-5.

Model 3 for Assessing Heaith versus Categorized Current Dioxin
Body Burden in Ranch Hands and Comparisons

Modet 3: y=Bg+BjD+e
where

y = health variable
D = categorized current dioxin
¢ = zero mean normal error

Assumptions:  Dioxin body burden has accumulated with time.

The error variance does not change with categorized current dioxin
body burden (D).

Advantage: Requires no assumption regarding the time course of dioxin
accumulation or elimination.

Disadvantages: Makes no use of prior belief that Ranch Hands received an

unusually large dioxin dose in Vietmarmn.
Does not address time-related effects.
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In addition to assessing the overall mean change in the health variable (y) with levels of
categorized current dioxin (D), the mean values of y within the unknown, low, and high
categories were contrasted with the mean values of y within the background category.

Figure 4-1 summarizes the current dioxin levels used in models 1, 2, and 3.

Data Error

After the serum dioxin analyses were well underway, an error was discovered with
respect to the race of one Comparison. The participant (subject 36410) was listed in the data
base as a non-Black when in fact he was a Black. The Comparison was a 49-year-old at the
Baseline examination and he was a member of the enlisted groundcrew conort. His current
serum dioxin value was 3.97 ppt as determined from the assay performed on the 1987
examination serum sample. The following abnormal medical conditions were noted for this
individual: hepatomegaly, reported and verified hypertension, hyperpigmentation, and acne.
The dara error was corrected for the cardiovascular, malignancy, and dermatology
assessments. Because the individual was a Comparison only the model 3 analyses of the
other clinical area assessments were affected.

Bias Calculations

In any epidemiologic study, investigators must be concerned with avoiding spurious
conclusions that are attributable to limitations in study design or analysis. The introduction
of the dioxin assay as the measure of exposure in this study has provided the best available
information regarding dioxin exposure in Ranch Hands and Comparisons. Uncertainties
remain, however, regarding the choice of statistical models with which to assess the relation-
ship between dioxin and health.

Biased results will be produced if the assumptions underlying any of the three statistical
models are violated. Of the three models, model 1 is the most vulnerable to this kind of bias,
since it depends directly on two unvalidated assumptons: (a) that dioxin elimination is first-
order and {b) all Ranch Hands eliminate dioxin at the same rate (all Ranch Hands have the
same dioxin half-life of 7.1 years). Air Force investigators currently are gathering additional
data to evaluate both assumptions. The original half-life study on 36 Ranch Hands is being
expanded to approximately S00 Ranch Hands. Assuming that dioxin elimination is first-
order, this larger study will allow an assessment of half-life variability with weight changes,
percent body fat changes, and disease since exposure. Addidonally, the Air Force is
collaborating with the CDC and Italian health authorities to assay serum collected
periodically from people exposed in the Seveso accident. These data will consist of five
dioxin measurements taken over a period of 10 years on 20 males who were adults at the
time of the accident and will allow, for the first time, a direct assessment of the first-order
elimination assumpdton in humans.

Until the Ranch Hand half-life study is expanded, the only available information
regarding half-life variation in Ranch Hands is that derived from the smaller cohort of 36
subjects. Unpublished analyses of half-life heterogeneity among those 36 Ranch Hands
suggest thar half-life varies with relative weight changes between 1982 and 1987. With
relative weight changes dichotomized at the median (2.7%), the 18 Ranch Hands below the
median have an estimated half-life of 9.7 years (95% C.I.: [6.8,17.3]) and the 18 Ranch
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Hands above the median have an estimated half-life of 6.2 years (95% C.I.: [5.0,8.0]). The
analysis showed a significant difference between these two half-lives (p=0.02). The two
confidence intervals overlap because they are not derivable from the test for equality of half-
lives. “Apparent” half-life decreases may be due to weight gain because of dilution of the
body burden when it is redistributed to the new adipose tissue. Conversely, when there has
been weight loss, the body burden may be redistributed in less adipose tissue and the serum
concentration increases.

If these results are generalized to all Ranch Hands, statistical inference based on model
1 will be biased. For example, if the first-order elimination assumption is valid, but the
constant half-life assumption is not, and there is no misclassification with regard to health
status, odds ratios expressing the relationship between health and dioxin based on model 1
will be biased toward unity. That is, a misspecification of a constant half-life when, in fact,
half-life changes with weight changes, will lead to misclassification with regard to dioxin
level and therefore reduce our ability to detect an association between health and dioxin. To
evaluate this possibiiity, the bias induced in the odds rato under the maximal assumption and
the computation of initial dioxin body burden assuming a constant half-life of 7.1 years (when
in fact 50 percent of Ranch Hands have a dioxin half-life of § years and the other 50 percent
have a dioxin half-life of 10 years) was calculated (7). In carrying out this calculation, it was
assumed that inidal dioxin had been dichotomized to high and low, with Ranch Hands
assigned to the high category if their calculated initial dioxin level was greater than 218 ppt
and assigned to the low category if their level was less than 218 ppt. The sample sizes of the
real maximal cohort were used in the calculation; 186 Ranch Hands had a high initial dose and
556 had a low initial dose. With these assumptions, 76.3 percent of Ranch Hands assigned
to the high category and 6.1 percent assigned to the low category truly had an initial dose
above 218 ppt. The resultant bias in the odds ratio due to this misclassification depends on
the true value of the odds ratio and the disease prevalence in the low category. For example,
if the true odds ratio is 2.0 and the disease prevalence in the low initial dioxin category is 5
percent, this misclassification will produce an odds ratio of 1.7. Table 4-6 shows other values
of the biased odds rato produced by this misclassification for true odds ratios from 1 to 3 and
the disease prevalence in the low inidal dioxin category held fixed at 5 percent. There is no

bias under assumptions if there is no association between initial dioxin and disease (true
odds ratio equal to 1.0).

Model 2 also may be biased if, as suggested by the weight change analysis on the 36
Ranch Hands in the half-life study, 50 percent of Ranch Hands are fast dioxin eliminators
(having a short half-life) and 50 percent of Ranch Hands are slow eliminators (with a longer
half-life). If this attribute is not taken into account in the analysis (such as through
adjustment for relative weight change), then the odds ratio relating disease to dioxin
exposure will be biased toward unity. Again, disease status is assumed to be determined
without error. For example, if slow eliminators experience an effect that does not become
expressed untl 20 years after exposure, if fast eliminators do not experience the effect, and if
the analysis is not adjusted for relative weight change, then the ability of the model to detect
the effect will be attenuated by the lack of adjustment. The extent of this bias toward the null
depends on the nature of the four-factor interaction between health, current dioxin, time, and
relative weight change, as well as upon the disease prevalence among Ranch Hands with low
dioxin levels at each combination of categories of time and relative weight change. Bias
calculations for this scenario, therefore, are more complicated and speculative than those
presented for model 1 and were not pursued further.

411




g

.

TABLE 4-6.

Biased Odds Ratios Produced by a Misspecification of the Half-Life in the
Calculation of the Initial Dioxin Body Burden in Model 1, Assuming a
Disease Prevalence of 5§ Percent in Ranch Hands Having a
Low Calculated Initial Dose

True Odds Biased Odds

Ratio Ratio
1.0 1.0
15 13
20 1.7
2.5 ' 20
3.0 22

Model 3 requires fewer assumptions than models 1 or 2, but is susceptible to bias due
to misclassification or incorrect modeling. Biased results most likely are to occur with model
5 due to the failure to adjust for an important covariate. Every attempt, however, has been
made in this report to adjust for all known important covariates.

The Correlation Between Initial Dioxin and Curresnt Dioxin

The extrapolated initial dioxin dose is correlated highly with current dioxin level
(correlation coefficient >0.98 for both the minimal and maximal cohorts). The same high
correlation is, of course, seen between the logarithms of these quantities. The reason for the
high correlation is that the initial dioxin dose is the current dioxin body burden multiplied by 2
raised to the power T/7.1. This high correlation is simply an expression of the fact that if the
first-order model is valid and if dioxin half-life is constant, then models 1 and 2 nearly are
redundant because the variation of time (T) is relatively small (see Figure 4-2).

FACTORS DETERMINING ANALYTICAL METHOD

For a specified questionnaire-based or clinical measurement determined from the

physical or laboratory examination, the selection of an analytical method was dependent on
each of the following:

* Dependent Variable Form - Continuous or discrete

¢ Serum Dioxin Estimate — Initial dioxin, current dioxin and time since tour, or
categorized current dioxin incorporating group
membership

* Analysis Type — Unadjusted, adjusted, or longitudinal
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. » Analysis Cohort(s) — Ranch Hands: minimal assumption, Ranch Hands:
| ) maximal assumption, and defined subsets of Ranch
: Hands and Comparisons for the categorized current
. l o dioxin variable.

oS Appendix Table C-1 specifies 30 separate analysis situations based on dependent
. ' variable form, serum dioxin estimate, analysis type, and analysis cohort. For each of the 30
situations, the statistical method is specified.

ANALYSIS METHODOLOGIES

As in previous Air Force Health Study reports, current health dependent variables can
RS be either continuous or discrete. For the former case, the general linear model approach is
the basis for applying such techniques as simple and multiple linear regression, analysis of
variance, analysis of covariance, and repeated measures analysis. This approach permits
model fitting of the dependent variable as a function of dioxin, relevant covariates, dioxin-by-
covariate interactions, and interactions berween covariates. As part of the previous analyses
. ‘ of 1987 data, the health variables were examined to ensure that assumptions underlying
N statistical methods were met. Transformations used to enhance normality for specific
e - continuous health variables in the previous analyses of 1987 data also were used for the
R serum dioxin analysis. For these continuous analyses, SAS® GLM (8) was used. When a
. “best” model was fitted, tests of significance for a dioxin effect were made. Associations
A with a p-value less than or zqual to 0.05 are described as significant, and associations with a
_— p-value greater than 0.05 but less than or equal to 0.10 are termed marginally significant or
' borderline significant. If there was a significant intemiction between the dioxin variable and
any covariate, the dioxin effect was assessed using stratification by different levels of the
covariate(s) involved in the interaction. ' )

Discrete dependent variables were analyzed by methods parallel to those used for

N = continuous variables. For dichotomous variables, logistic regrsssion was performed using
T BMDP®-LR (9). For polychotomous dependent variables, log-linear modeling was
i performed using BMDP®-4F (9) by incorporating the full k-factor interaction term involving
R the k covariates used in the model. For the log-linear modeling approach, covariate
P information must be categorized. Because of this required categorization of the covariate(s),
T~ the marginals were fixed in the log-linear model (10), effectively converting the log-linear

NS model into a logit model. For the log-linear model, the significance of the relative risk for a
: particular categorized dioxin variable (i.c., categorized initial dioxin, categorized current
, dioxin and categorized time, or categorized current dioxin for specified subsets of Ranch
R Hands and Comparisons) was determined by examination of the appropriate model, as
A determined by the model that includes all statistically significant effects and a dioxin
x ~ measure, or by examination of the significant interactions. Adjusted relative risks were
derived from the coefficients of the appropriate model.

% Selected longitudinal analyses were performed investgating changes in health status
between 1982 and 1987, for each of the three dioxin analysis models. The variables selected
for longitudinal study were chosen prior to all 1987 examination data analyses. In the
longitudinal analysis of discrete variables, only those participants whose health was
classified as normal in 1982 were included in the analysis of the participants’ health at the
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1987 examination. Analysis was performed in this manner to investigate any temporal
effects of dioxin in the subgroup at risk (i.e., those participants who could become abnormal
over the time span). The rate of abnormalities under this restriction approximates an
incidence rate between 1982 and 1987. The dependent variable in this type of analysis was
the health of participants at the 1987 examination whose health was normal in 1982. The
independent variable(s) were the appropriate dioxin measures.

For some variables, measurements in 1985 were substituted for 1982 measurements
because the variable was not analyzed at the 1982 examination or inherently was different
from the 1987 variable. For example, to enhance comparatility, the longitudinal analyses for
the neurological assessment were based on changes between 1985 and 1987 beczuss SCRF
conducted both of these examinations.

Both the general linear model and the logistic regression model approaches were
applied using covariate information in either the discrete or the continuous form. Table 4-7
provides a summary of the basic statistical methods for the serum dioxin analyses.

MODELING STRATEGY

In each clinical category, many covariates were considered for inclusion in the staustical
models relating specific health endpoints and dioxin. The large number of covariates.
consequent interaction terms, and resulting difficulties of interpretation obligated the adoption
of a strategy for identifying a moderately simple model using a stepwise strategy, as defined
below. Interpretation of pnssible dioxin relatonships was then made in the context of this
simpler model. '

In general, based on one of the adjusted analysis models described in Appendix Table
C-1, an initial model was consaucted containing any requisite two or three-factor interaction
terms. As a first step, screening was performed at the 0.15 significance level to eliminate
unnecessary two- and three-factor interactions. A hierarchical stepwise deletion strategy
was applied at the 0.15 significance level on the set of main effect covariates (to address
possible confounding effects between the covariates and dioxin) and at the 0.05 significance
level for interactions. In general, the only effects not subject to the deletion strategy were the
serum dioxin variables of interest (i.e., inidal dioxin; current dioxin, time since tour, and
current dioxin-by-time interaction; categorized current dioxin). With the objective of
producing tiie simplest model, other lower-order effects were retained in the model only if
involved in significant higher-order interactions. Significant interactions bet.,een covariates
were retained as terms in the model.

The modeling strategy was refined slightly for adjusted statistical analyses of discrete
dependent variables for particular clinical areas where a large number of covariates and/or
sparse number of abnormalities were encountered. In these situations, the starting model
included all main effects and excluded all interactions. Main effects were stepped out of the
model if the associated p-value was greater than 0.15 and interactions were entered into the
model if the associated p-value was less than or equal to 0.05. The alternative strategy was
used to avoid overspecification of the model and minimize collinearity among terms that can
lead to imprecise parameier and standard error estimates.
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TABLE 4-7.

Summary of Statistical Procedures

Chi-square Contingency Table Test

The chi-square test of independence (11) is calculated for a contingency table by the
following formula:

x2 = Z(fo-fe)2/fe

where the sum is taken over all cells of the contingency table and
fo = observed frequency in a cell |
fe = expected frequency under the hypothesis of independence.

Large values indicate deviations from the null hypothesis and are tested for significance
by comparing the calculated %2 to the tables of the chi-square distribution.

Fisher’s Exact Test

Fisher’s exact test (11) is a randomization test of the hypothesis of independence for a
2 x 2 contingency table. This technique was used for small samples and sparse cells.
This is a permutation test based on the exact probability of observing the particular set
of frequencies, or of one more extreme.

Correlation Coefficient (Pearson’s Product-Moment)

The population correlation coefficient (12), p, measures the strength of the linear

relationship between two random variables X and Y. A commonly used sample-based
estimate of this correlation coefficient is

rea I(x - %) ~¥)
[Z(x -2 (- 5)' [

where the sum is taken over all (x,y) pairs in the sample. A Student’s t-test based on
this estimator is used to test for a significant correlation between the two random
variables of interest. For the sample size of 521 (the size of the Ranch Hand cohort
under the minimal assumption), a sample correlation coefficient of £0.086 is sufficient to
attain a statistically significant correlation at a 5 percent level for a two-sided
hypothesis test. Assuming normality of X and Y for the sample size of 742 under the
maximal assumption, a sample coefficient of $0.072 is sufficient.
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TABLE 4-7. (Continued)

Summary of Statistical Procedures

General Linear Models Analysis
The form of the general linear model (13) for two independent variables is

Y=a+piX; +PaXa+B12X1Xa+e
where

Y = dependznt variable (continuous)

o = level of Y at X1 =0 and X7 =0, i.e., the intercept

X1.X2 = measured value of the first and second independent variables, respectively,
which may be continuous or discrete

B1,B2 = coefficient indicating linear association between Y and X, Y and X3,

respectively; each coefficient reflects the effect on the model of the

corresponding independent variable adjusted for the effect of the other
independent variable.

Bia = coefficient reflecting the linear interacton of X and X5, adjusted for linear
main effects

€ = erTor term.

This model assumes that the error terms are independent and normally distributed with

a mean of 0 and a constant variance. Extension to more than two independent variables
and interaction terms is immediate.

Simple linear regression, multiple linear regression, analysis of variance, analysis of-
covariance, and repeated measures analysis of variance are all examples of general
linear models analysis.

Logistic Regression Analysis

The logistic regression model (11, 14) enables a dichotomous dependent variable to be
modeled in a regression framework with continuous and/or discrete independent

variables. For two risk factors, such as dioxin and age, the logistic regression model
would be

logitP=a+ 1 X1+ PaXo + B12X X2+ ¢
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TABLE 4.7. (Continued)

Summary of Statistical Procedures

where
P = probability of disease for an individual with risk factors X1 and X2
logitP = In (P/1-P), i.e., the log odds for disease
Xi = first risk factor, e.g., dioxin
X2 = second risk factor, e.g., age.

The parameters are interpreted as follows:
a = logodds for the diszase when X1 =0and X7=0
P1

B2 = coefficient indicating the age effect adjusted for dioxin

coefficient indicating the dioxin effect adjusted for age

P12 = coefficient indicating the interaction between dioxin and age, adjusted for
linear main effects ‘

€ = ¢rror term.

In the absence of an interaction (312 = 0) for a dichotomous risk factor (e.g.,
Comparisons, Ranch Hands), exp(B1) reflects the adjusted odds ratie for individuals in
group 1 (X} = 1) relative to group 0 (X = 0). If the probability of disease is small, the %
odds ratio wiil be approximately equal to the relative risk. In the absence of an
interaction for a continuous risk factor (e.g., initial dioxin in its continuous form),
exp(B1) reflects the adjusted odds ratio for a unit increase in the risk factor. If the risk

factor is expressed in logarithmic (base 2) form, exp(B1) reflects the adjusted odds ratio
for a twofold increase in the risk factor.

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

This technique will also be used for longitudinal analyses of dichotomous dependant
variables to examine changes in health status between 1982 (or 1985) and 1987 in
relaton to the dioxin measures.
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TABLE 4-.7. (Continued)

Summary of Statistical Procedures

Log-linear Analysis

Log-linear analysis (11) is a statistical technique for analyzing cross-classified data or
contingency tables. A saturated log-lincar model for a three-way table is

In Zip) = Up+ Ui + Uz + Uy + Unzgip + U23(x) + Una(ix) + U2k

where
Zijx = expected cell count
Ui) = specific one-factor effect
Uiagj) = specific two-factor effect or interaction

U123(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.
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In the analysis of a particular health variable, when no dioxin-by-covariate interactions
were significant at the 0.05 level, adjusted means (15) or relative risks were presented. If a
dioxin-by-covariate interaction was significant at the 0.05 level, the behavior of the dioxin -
variable was explored for different levels (categories) of the covariate to identify
subpopulations for which a dioxin relationship might exist. Further, for illustrative purposes,
if any dioxin-by-covariate interaction was significant at a level batween 0.01 and 0.05, the
adjusted means or relative risks also were presented, after dropping the interaction terms
from the model.

In some instances a followup mode! also was performed that excluded a highly
significant interaction (p<0.01). This optional modei was run at the discretion of the analyst
in an attempt to simplify the interpretation that may be complicaied by an interaction difficult
to explain from a clinical perspective.

For all models that included a dioxin-by-covariate interacticn, the stratified results
presented in the appendices display adjusted relative risks, confidence intervals, and
associated p-values determined from a model that incladed the interaction term. However, in
the model 2 analyses the p-values for the stratified current dioxin-by-time since tour
interaction terms were determined from separate models for each covariate stratum: similarly
in the model 3 analyses, the overal p-values were determined from separate models.

The adjusted models assessed the statistical significance of interactions tetween dioxin
and the covariates to determine whether the relationship between dioxin and the dependent
variable (health-related endpoint) differed across levels of the covariate. In many instances
the clinical importance of a statistically significant dioxin-by-covariate interaction is unknown
or uncertain, The clinical relevance of a statistically significant interacti¢n would be
strengthened if the same interaction persisted among related endpoints. It is recognized that
due to the large number of dioxin-by-covariate interactions that were examined for
approx:mately 300 variables, some of the dioxin-by-covariate interactions judged significant
at the 0.05 level might be spurious; i.e., chance occurrences not of biological/clinical relevance.
This should be considered when significant dioxin-by-covariate interactions are interpreted.
It is important that the size of the p-value associated with each dioxin-by-covariate
interaction be weighed carefully; for this reason, if the p-value for a dioxin-by-covariate
interaction was between 0.01 and 0.05, the adjusted means or relative risks (omitting the
interaction) were reported.

For the neurology, cardiovascular, renal, and endocrine clinical assessments, additional
analyses were performed when certain covariates were retained in the final model. These
covariates were variables that may have been affected by dioxin exp. <ure and included
diabetic class {neurology and renal), percent body fat (cardiovascular and erdocrine), and
cholesterol (cardiovascular). Due to the associadon between these covariates and dioxin,
both the statistical and clinical interpretation of other health variables can be affected.
Analyses were consequently performed with these covariates in the final model, and with the
covariates removed from the model. Tabular results with these covariates in the model are
given in the body of the clinical chapter; results with these covariates removed are given in
the associated chapter appendix.
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POWER

Conducting a statistical test using a type I error, also called alpha level, of 0.05 means
that, on the average in 5 cases out of 100, a false conclusion would be made that an
associadon (dioxin effect) exists when, in reality, there is no association. The other possible
inference error (called a type II error) is the failure to detect an association when one actually
exists. The probability of a type II error for a statistical test is 1 minus the power of the test.
The power of the test is the probability that the test will reject the hypothesis of no dioxin
effect when an effect does in fact exist. The power of a test depends on the distribution of the
dioxin data, the sample size, the disease prevalence rate, and the true dioxin effect measured
in terms of the relative risk.

Table 4-8 contains the approximate power for detecting specified relative risks for a
given prevalence rate (discrete dependent variable), using inidal dioxin in its continuous form
and an alpha level of 0.05 for a two-sided test under the minimal assumption (n=521). The
corresponding power under the maximal assumption is slightly higher. Figure 4-3 presents a
graphical display of the power at different prevalence rates, where the different curves
represeat relative risks of 1.1, 1.2, 1.3, 1.4, and 1.5. Power calculations were performed using
the logarithm (base 2) of inidal dioxin, and consequently the relative risk is for a twofold
increase in initial dioxin. These calculations also assume approximate prevalences at the
mean log2 (inital dioxin) value of 7.49, corresponding to an inidal dioxin level of 130 ppt.

TABLE 4-8.

Power to Detect an Initial Dioxin Effect Based on the Minimal
Assumption at a 5§ Percent Significance Level
(Discrete Dependent Variable)

Prevalence Relative Risk

Rate of

Disease 1.10 1.20 1.30 1.40 1.50 1.75 2.00
0.005 0.05 0.07 0.09 0.12 0.17 033 0.54
0.01 0.06 0.09 0.13 0.20 0.29 0.56 0.80
0.02 0.07 0.12 0.21 0.34 0.49 0.82 0.96
0.03 0.08 0.16 0.29 0.46 0.64 0.93 0.99
0.04 0.08 0.19 0.36 0.57 0.75 0.97 1.00
0.05 0.09 0.22 0.43 0.65 0.83 0.99 1.00
0.10 0.13 0.36 0.66 0.88 0.97 1.00 1.00
0.15 0.16 0.47 0.79 0.95 0.99 1.00 1.00
0.20 0.18 0.55 0.86 0.97 1.00 1.00 1.00
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As an example, using age-adjusted incidence rates for all U.S. males (based on data
from the Surveillance Epiderniolcgy and End Results program of the National Cancer
Institute), prevalence rates for all cancers, non-Hodgkin’s lymphoma (NHL), and soft tissue
sarcoma (STS) were estimated as 0.07, 0.002, and 0.001, respectively. Thus, Table 4-8
shows at least a power of 0.80 to detect a relative risk of 1.5 or greater given an estimated
prevalence of 0.07 for all cancers. For the estimated prevalences of NHL and STS, the power
to desect a relative risk of 2.0 would be less than 0.50.

Table 4-9 provides the same information for continuous variables in terms of coefficients
of variation (100 timaes the standard deviation of the dependent variable divided by the mean
of the dependent variable) and the proportion mean change. The proportion mean change in
this table is defined as the change in the expected value (mean) of the dependent variable for
a twofoid increase in initial dioxin relative to the dependent variable mean. These mean
changes are evaluated at the mean logy (initial dioxin) value of 7.49, corresponding to an
initial dioxin level] of 180 ppt. The proportion mean change corresponds mathematically to the
slcpe of the initial dioxin variable divided by the dependent variable mean, assuming no
wansformation of the dependent variable. An analogous quantity can be derived based on
transformed statistics. Figure 4-4 shows a graphical display of the power at a given
proportion mean change, where the different curves represent coefficients of variation of 3, 10.
25, 50, and 75. In this study, continuously distributed laboratory results were subject to a
laboratory-error coefficient of variation of less than 3 percent.

TABLE 4.9,
Power to Detect an Initial Dioxin Effect Based on the Minimal

Assumption at a 5 Percent Significance Level
(Continuous Dependent Variable)

Coefficient of Variation (o/u)

Mean Change 5 10 25 50 75
0.005 0.78 0.28 0.09 0.06 0.05
0.01 1.00 0.78 0.20 0.09 0.07
.02 1.00 1.00 0.59 0.20 0.11
0.03 1.00 1.00 0.91 0.38 0.20
0.04 1.00 1.00 0.99 0.59 0.31
0.0 1.00 1.00 1.00 0.78 0.45
0.10 1.00 1.00 1.00 1.00 0.96
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TABLE 4-10.

Location of Table Results from Different Analysis Models

Subpanel Dioxin Type of

in Table Estimate Analysis Assumption
a initiald unadjusted minimal
b initia]a unadjusted maximal
c initiald adjusted minimal
d initial2 - adjusted maximal
¢ current, timed unadjusted minimal
f surrent, time? unadjusted maximal
g current, time3 adjusted minimal
h current, ime? adjusted maximal
i current® unadjusted --
j currentd adjusted --

*3Ranch Hands only.

bCategorized current dioxin, Ranch Hands and Comparisons.

EXPLANATION OF TABLES

This section introduces the rzader to the contents of the tables that are used to report
the results of the analyses for continuous and discrete dependent variables (two levels and
more than two levels). Selected results from the statistical analysis methods applied in the
hematology assessment (see Chapter 13, Hematologic Assessment) will be referenced
throughout this discussion. The contents of sach summary table depend on the form of the
health status endpoint (i.e., whether the dependent variable under analysis is a continuous or
discrete variable). Generally, the results of the various analyses will be summarizad in
subpanels within each table as specified in Table 4-10. The subpanel specifications may be
slightly different when adjusted analyses are not performed. This section also provides an
explanation of the information contained in these tables.

Continuous Variables

Table 13-3 presents an example of the results of analysis when the dependent variable
is continuous. Subpanels (a) and (b) report summary statstics (for the minimal and maximal
assumptions, respectively) assessing the association between the derendent variable and
initial dioxin without adjusting for covariate information. Immediarely below the specified
assumption, the aggregate sample size (n) and the coefficient of determination (R2)
associated with the simple linear regression of the continuous dependent variable on logy
(inital dioxin) are presented. Sample sizes also are presented for lo'w, medium, and high
categories of initial dioxin. The numerical values defining these categories are specified in a
table footnote. The low, medium, and high categories are based on the lower 25th percent,
the 25th to 75th peicent, and the upper 25th percent of the initial dioxin estimates for the
cohort corresponding to the specified assumption. Means of the dependent variable
(transformed to the original units, if necessary) are calculated from the data and are

425



presented for the low, medium, and high initial dioxin categories. Based on the simple linear
regression analysis, the estimated slope and its associated standard error are reported for
each assumption. If the dependent variable was transformed for the regression analysis, the
means, slope, and standard error are footnoted and the transformation is identified in the
footnote. The p-value associated with testing whether the estimated slope is equal to zero
also is presented under both assumptions. :

Based on analyses that incorporate covariate and interaction informatioa, subpanels (c)
and (d) report summary statistics (for the minimal and maximal assumptions, respectively)
assessing the association between the dependent variable and initial dioxin. Immediately

below the specified assumption, the aggregate sample size (n) and the muliple coefficient of

determination (R2) are presented for a multiple linear regression of the con.inuous dependent
variable on logj (initial dioxin) including covariate and intsraction effect terms in the adjusted
model. Similar to the unadjusted analyses, sample sizes are also presented for low, medium,
and high categories of initial dioxin. The numerical values defining these categories are
specified in a table footnote. Sample sizes for corresponding panels of unadjusted and
adjusted analyses may differ because of missing covariate information. Adjusted means of
the dependent variable (transformed to the original units, if necessary) also are presented.
The adjusted means are presented for the low, medium, and high initial dioxin categories.
Based on the multipie linear regression analysis, the adjusted slope for the log, (initial
dioxin) term and its associated standard error are reperted for each assumption. If the
dependent variable was transformed for the regression analysis, the adjusted means,
adjusted slope, and standard =rror are footnoted and the transformation is identified in the
footnote. The p-value for testing whether the adjusted slope is equal to zero also is
presented under both assumptions. '

Covariates with p-values less than or equal to 0.15 and interactions with p-values or
equal to 0.05 retained in the multiple regression model after implementing the modeling
strategy are presented under covariate remarks, along with the associated p-values. If the
multiple regression model contains a significant initial dioxin-by-covariate interaction with an
associated p-value less than or equal to 0.01, then the adjusted means, adjusted slope,
standard error, and p-value generally are not reported. The entries for these statistics are
reported as four asterisks (****) and are identified by a table footnote. Covarjates and
interactions retained in the model are, however, reported under covariate remarks. For some
clinical assessments, an analyst may exercise discretion and report the adjusted means,
adjusted slope, standard error, and a p-value from a model that excludes the interaction
having a p-value less than 0.01. When these discretionary followup analyses are performed,
the results are reported along with three asterisks (***) and are explained by a table
footnote. If the multiple regression model contains a significant initial dioxin-by-covariate
interaction with an associated p-value between 0.01 and 0.05, then the adjusted means,
adjusted slope, standard error, and p-value are reported from a model that excludes that
interaction. The entries for these statistics are reported along with two asterisks (**)
accompanied by a table footnote. In either case (i.e., p<0.0i or 0.01<p<0.05), stratified

analyses arc undertaken and the results are reported in an associated appendix for each
individual clinical area.

Subparels (e) and (f) of Table 13-3, for example, report summary statistics (for the
minimal and maxirnal assumptions, respectively) assessing the association of the dependent
variable with current dioxin and tirne since tour without adjusting for covariate information.
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Multiple regression techniques are used to generate the statistics provided in both panels. In
the multiple regression model, current dioxin is included as a continuous variable and time
since tour as a discrete variable. The interaction of current dioxin and time since tour also is
included. For these models, time since tour is dichotomized and separate statistics are
presented on the asscciation between the dependent variable and curreat dioxin within each
time stratum. For each subpanel, the aggregate sample size (n) and the coeffici. nt of
determination (R2) are presented, under each specified assumption, for the multivle linear
regression model. For presentation purposes, current dioxin and time since tour both are
categorized. The numerical values defining the current dioxin categories are specified in a
table footnote. The low, medium, and high categories are based on the lower 25th percent,
the 25th to 75th percent, and the upper 25th percent of the current dioxin estimates for the
cohort corresponding to the specified assumpdon. The value of 18.6 years for time since tour
corresponds to approximately the median value of time since tour in the Ranch Hand cohort.
The means of the dependent variable (transformed to the original units, if necessary) are
calculated from the data and are presented, along with sample size, for the combinations of
trichotomized current dioxin and dichotomized time since tour. The first p-value within each
subpanel evaluates the interaction term of the multiple regression using current dioxin in
continuous form and time since tour in discrete form. The p-value for the interaction term
provides a test of the equality of the slopes for the two time stmrata. For each time swatum, a
simple linear regression mode! of the dependent variable on current dioxin (logs scale)
provides an estimated slope, associated standard error, ~nd p-value for testing the
significance of the slope. If the dependent variable was transformed for regression analysis,
the means, slope, and -tandard error are footnoted and the transformation identified in the
footnote. :

Incorporating covariate and current dioxin-by-time-by-covariate interaction information
into the analysis, subpanels (g) and (h) report summary statistics (for the minimal and
maximal assumptions, respeciively) assessing the association of the dependent variable with
current dioxin, time since tour, and the current dioxin-by-time interaction. Multple linear
regression techniques are used to generate the statistics provided. In the overall multiple
regression model, current dioxin is included as a continuous variable and time since tour as a
discrete variable. The interaction of current dioxin and time since tour also is included. The
test of the interaction of current dioxin and dme since tour (i.e., the first p-value in each
subpanel) determines whether the adjusted slopes of the two time strata differ significantly.

Immediately below the specified assumption, the aggregate sample size (n) and the
multiple coefficient of determination (R2) are presented for the multiple linear regression of
the continuous dependent variable on current dioxin (log, scale), time since tour, the current
dioxin-by-time interaction, covariates, and other interactions retained in the model. For each
time stratum {<18.6 years or >18.6 years), separate statistics relating the dependent
variable to current dioxin (log, scale) are presented. In particular, based on the multiple
linear regression analysis, the adjusted slope for the current dioxin term (log, scale), its
associated standard error, and a p-value for testing the significance of the slope are reported.

Sample sizes also are presented for combinations of low, medium, and high categories of
current dioxin and dichotomnized time since tour. The numerical values defining these
categories are specified in a table footnote. Sample sizes for corresponding panels of
unadjusted and adjusted an2lyses may differ because of missing covariate information.
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Adjusted means of the depcndent variable (transformed to the original units, if necessary)
are presented. The adjusted means are presented for the combinations of trichotomized
current dioxin and dichotomized time since tour. If the dependent variable was transformed
for the regression analysis, the adjusted means, adjusted slope, and standard error are
footnoted and the transformation is identified in the footnote.

Covariates (p-values less than or equal to 0.15) and interactions (p-values less than or
equal to 0.05) retained in the multiple regression model after implementing the modeling
strategy are presented under covariate reraarks, along with the associated p-values. If the
multiple regression model contains a significant current dioxin-by-time-by-covariate
interaction term with an associated p-value less than or equal to .01, then tiie adjusted
means, adjusted slope, standard error, and p-value generally are rot reported. The entries
‘for these statistics are reported as four asterisks (****) and arc ideatified by a table
footnote. Covariates and interactions retained in the mcdel are, however, reported under
covariate remarks. For some clinical assessments, an analyst may exercise discrstion and
report adjusted means, adjusted slope, standard error, and a p-value from a model that
excludes the interaction having a p-value less than 0.01. When these discretonary followup
analyses are performed, the results are reported along with thrze asterisks (***) and are
explained by a table footnote. If the multiple regression model contains a significant current
dioxin-by-time-by-covariate interacdon with an ascociated p-vulue between 0.01 and 0.05,
then the adjusted means, adjusted slope, standard error, and p-vaive are reported from a
model that excludes that interactinn. The entries for these statistics are reported along with
two asterisks (**) accompanied by a table footnote. In either case, interactions are
investigated within strata of the covariate and reported in an associated appendix for each
clinical area,

Subpanels (i) and (j) of Table 13-3, for examplc, show the results of unadjusted and
adjusted analyses that compare the means of a continuous dependent variable for Ranch
Hands with high, low, and unknown curreat dioxin levels and for Comparisons having
background current dioxin levels. The note at the bottom of the table defines the four current
dioxin categories. Sample sizes for each catcgory and across the four categories are
reported. The coefficient of determination (R<) also is presented.

For the unadjusted analysis, dependent variable means are presented for each category.
If the dependent variable was transformed for the anaiysis, the means of the transformed
values are converted to the original scale and the column heading is foomoted. A test of the
simultaneous equality of the four category means is evaluated by the first p-value cited. If
the analysis was performed on a transformed scale, the p-value column is footnoted to
indicate that the p-value is based on the difference of means on a transformed scale. For the
individual contrasts of the three Ranch Hand categories versus Comparison background
categary, differences in means are reported on the original scale. If the analyses were
performed on a transformed scale, 95 percent confidence intervals on the differences of means
are not presented and the column is footnoted. A p-value also is reported to determine
whether a difference in means for a specified contrast ic significantly different from zero.

) For an adjusted analysis, the table is modified to include adjusted means, differences in
afljustcd means (reported on the original scale), 95 pzrcent confidence intervals on the
differences in adjusted means (if the analysis was performed on the original scale). and any
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covariates and interactions retained in the adjusted mode! along with their associaied p-
values, :

Discrete Variables

Discrete Variable With Two Categcries

Table 13-4 presents an example of the results of aralysis when the dependent variable
is discrete and dichotcmous in form. Subpanels (a) and (b) report summary statistics (for the
minimal and maximal assumptions, respectively) assessing the association between the
dependent variable and initial dioxin without adjusting for covariate informatoa. Immediately
below the specified assumption, the aggregate sample size (n) associated with the simple
logistic regression of the continuous depandent variable on logj (initial dioxin) is presented.

Sample sizes also are presented for low, medium, and high categories of inidal dioxin. The
numerical values defining these categories are specified in a table footnote. The low, medium,
and high categories are based oa the lower 25th percent, the 25th 10 75th percent, and the
upper 25th percent of the initia! dioxin estimates for the cohort corresponding to the specitied
assumption. The percentage of Ranch Hands with the specified dichotomous characteristic
(as cited in the column heading) is calculated from the data and presented for the low,
medium, and high initial dioxin categories. Baced on the simple logistic regression model, an
estimated relative risk and its associated 95 percent conridence interval are reported for each
assumption. The p-value associated with testing whether the relative risk is 2qual to one
also is presented for both assumptions. The reladve risk, confidence interval, and p-value
are based on log, (inidal dioxin) in its continuous form.

Results may exhibit a significant (p<0.05) p-value associated with testing whether the
relative risk is equal to 1.00, while the corresponding 95 percent confidence interval on the
relarive risk contains the number 1.00. These results occur because the BMDP®-LR
proc:dure uses 2 normal distribution in calculating an approximate 95 percent confidence
interval and a chi-square distribution based on a likelihood radio statistic (9) in the
determination of a p-value. Similarly, the results may exhibit a 95 percent confidence interval
of a relative risk that does not contain the number 1.00, while the corresponding p-value is.
not significant (p>0.05) for the reasons stated above.

Incorporating covariate and interaction informaticn, subpanels (c) and (d) report
summary staustics (for the minimal and maximal assumptions, respectively) assessing the
association between the discrete deperdent variable and 1nidal dioxin. Immediately below
the specified assumption, the aggregate sample size (n) is presented for a multiple logistic
regression of the discrete dependent variable on log, (inidal dioxin) including covariate and
interactions in the adjusted model. Based on the multiple logistic regression .10del, ihe
adjusted relative risk for the logs (initial dioxin) term and its associated 95 percent confidence
interval are reported for each assumption. The p-value for testing whether the adjusted
relative risk is equal to 1 also is presented under both assumptions. Covariates (p-values
less than or equal to 0.15) and interactions (p-values less than or equal to 0.05) retained in
the multiple regression model after implementing the modeling strategy are presented under
covariate remarks, along with the associated p-values. If the multiple logistic regression
model conwins a significant initial dioxin-by-covariate interaction with an associatzd p-value
less than or equal to 0.01, then the adjusted reladve risk, 95 percent confidence interva!, and
associated p-value generally are not reported. The entries for these statistics are reported
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as four asterisks (****) and are identified by a table footnote. Covariates and interactions
retained in the model are, however, reported under covariate remarks. For some clinical
assessments, an analyst may exercise discretion and report an adjusted relative risk, 95
percent confidence iaterval, and an associated p-value from a model that excludes the
interaction having a p-value less than 0.01. When these discretionary followup analyses are
performed, the results are reported along with three asterisks (***) and are explained by a
t.ble footnote. If the multiple logistic regression model contains a significant initial dioxin-
by-covariate interaction with a p-value between 0.01 and 0.05, then the adjusted relative
risk, 95 percent confidence interval, and associated p-value are reported from a model that
excludes that interaction. The entries for these statistics are reported along with two
asterisks (**) accompanied by a table footnote. In either case (i.e., p<0.01 or 0.01<p<0.05),
stratified analyses are undertaken and the results are reported in an appropriate appendix.

Subpanels (e) and (f) of Table 13-4, for example, report summary statistics (for the
minimal and maximal assumptions, respectively) assessing the association of the discrete
derendent variable with current dioxin and time since tour without adjusting for covariate
information. Multiple logistic regression techniques are used to generate the statistics

provided in both panels. In the multiple logistic regression model, current dioxin is weated as

a continuous variabie and time since tour as a discrete variable. The interaction of current
dioxin and time since tour also is inciuded in the model. For the logistic regression model.
time since tour is dichotomizea and separate stadstics are presented for the association
between the depe .dent variable and current dioxin within each time stratum. For each
subpanel, the aggregate sample size (n) is presented under each specified assumption for the
multple logisdc regression model. For presentation purposes, current dioxin and time since
tour both are categorized. The numerical values defining the current dioxin categories are
specified in a table footnote. The low, medium, and high categories are based on the lower
25th percent, the 25th to 75th percent, and the upper 25+ percent of the measured current
dioxin for the cohort corresponding to the specified assu--intion. The value of 18.6 years for
time since tour corresponds 10 approximately the median value in the Ranch Hand cohort.
The percentage of Ranch Hands with the specified dichotomous characteristic (as cited in the
column heading) is calculated from the data and presented, along with sample size, for the
combinations of trichotomized current dioxin and dichotornized time since tour. Each panel
also contains a p-value (i.e., the first p-value in each subpanel) for the interaction of the
multiple logistic regression using current dioxin in continuous form and time since tour in
discrete form. The p-value for the interaction term prcvides a test of the equality of the
relative risks for the two time strata. For each time stratum, the logistic regression on
current aioxin (log; scale) provides an estimated relative risk, associated 95 percent
confidence interval, ana p-value for testing the significance of the relative risk,

Incorporating covariate and interaction information into the analysis, subpanels (g) and
(h) report summary statistics (for the minimal and maximal assumptions, respectively)
assessing the association of the discrete dependent variable with current dioxin, time since
tour, and the current dioxin-by-time interaction. Multiple logistic regression techniques are
used to generate the stadstics provided. In the multiple logistic regression model, current
dioxin is included as a continuous variable and time since tour as a discrete variable. The
interaction of current dioxin and time since tour also is included. The test of the interaction of
current dioxin and time since tour (i.e., the first p-value in each subpanel) determines
whether the adjusted relative risks of the two time strata differ significantly.




Immediately below the specified assumption, the aggregate sample size (n) is
presented for the muitiple logistic regression of the continuous dependent variable on log;
(current dioxin), time since tour, the current dioxin-by-time interaction, covariates, and other
interactions retained in the modcl. For each tme stratum (<18.6 years or >18.6 years),.
separate statistics relating the dependent variable to current dioxin (logp scale) are
presented. Based on the multiple logistic regression analysis, the adjusted relative risk for
the log; (currsnt dioxin) term, its associated 95 percent confidence interval, and a p-value for

testing the significance of the adjusted relative risk are reported.

Covariates (p-values less than or equal to 0.15) and interactions {p-values less than or
equal to 0.05) retained in the multiple logistic regression model after implementing the
modeling strategy are presented under covariate remarks, along with the associated p-
vzlues. If the multiple logistic regression model contains a significant current dioxin-by-
time-by-covariate interaction term such that the associated p-value is less than or equal to
0.01, then the adjusted relative risk, associated 95 percent confidence interval, and p-value
generally are not reported.  The entries for these statistics are reported as four asterisks
(****) and are identified by a table footnote. Covariates and interactions retained in the
model, however, are reported under covariate remarks. For some clinical assessments, an
analyst may =xercise discretion and report an adjusted relative risk. 95 percent contidence
interval, and an associated p-value from a mode! that excludes the interaction having 4 p-
value less than 0.01. When these discretionary followup analyses are performed. the results
will be reported along with three asterisks (***) and are explained by a tble footnote. If the
multiple logistic regression model contains a significant current dioxin-by-time-by-covariate
interaction such that the interaction lies between 0.01 and 0.05, then the 1djusted relative
risk, 95 percent confidence interval, and p-value are reported from a model that excludes that
interaction. The .entries for these statistics are reported along with two asterisks (**)
accompanied by a table footnote. In either case (p<0.01 or 0.01<p<0.05), stratified analyses
are undertaken and reported in the appropriate appendix.

Subpanels (i) and (j) of Table 13-4, for example, show the results of unadjusted and
adjusted analyses that compare Ranch Hands with high, low, and unknown current dioxin
levels and Comparisons having background current dioxin levels on the relative frequency for
a specified discrete dependent vanable (e.g., percent of participants in a current dioxin
category with an abnormal condition). The note at the bottom of the table defines the four
categorics. Sample sizes for each catzgory and across the four categories are reported.

For the unadjusted analysis, a relative frequency is presented for each current dioxin
category. The simultancous equality of the four category relative frequencies 1s evaluated by
the first p-value cited. For the individual contrasts of ihe three Ranch Hand categornes
versus Comparison background category, relanive risks, associated 95 percent contidence
intervals for the relative nisks, and p-vaiues to evaluate if the risks differ significantly from 1
are presented.

Results may exhibit a significant (p<0.05) p-value associated with testing whether the
relative risk is equal to 1.00, while the corresponding 95 percent confidence interval on the
relative nsk contains the number 1.00. Simularly, thc results may exhibit 195 percent
confidence interval of a relative risk that does not contain the number 1.00, while the
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corresponding p-value is not significant (p>0.05). These patterns are due to the use of the
normal distribution in calculating an approximate 95 percent confidence interval and the use of
Fisher’s exact test for unadjusted analyses in the determination of the corresponding p-

values in the event of sparse data. E

For an adjusted analysis, the table presents adjusted relative risks, 95 percent
confidence intervals on the adjusted relative risks, and covariates and interactions retained in
the adjusted model along with their associated p-values.

Discrete Variable With More Than Two Categories

Log-linear analysis techniques were used to analyze discrete dependent variabies
having more than two levels (e.g., low, normal, high—see Table 13-6). For the unadjusted
and adjusted analyses relating such discrete dependent variables to initial dioxin, summary
tables present sample sizes, relative frequencies, relative risks, 95 percent confidence
interval:. for the relative risks, and associated p-values. For the adjusted analyses, any
covaria’es and interactions retained in the model along with their associated p-values also
are presented. One difference between the table presentations for dichotomous dependent
variables and discrete dependent variables with more than two levels is that relative
frequencies of Ranch Hands belonging to each of the dependent variable categories are
summarized with respect to each inidal dioxin category (i.e., low, medium, and high inidal
dioxin). Therefore, for each inidal dioxin level, the relative frequencies sum to 100 percent
across the dependent variable categories. Also, for specified pairs of dependent variable
levels (¢.g., low and normal or high and normal for the discrete dependent variable), contrasts
for huzh inidal dioxin versus low initial dioxin, and medium inidal dioxin versus low initial
dioxin, are constructed with reladve risks, 75 percent confidence intervals, and associated
contrast p-values. Contrasts are based on a categorized form (i.e., low, medium, aad high) of ,
initial dioxin rather than !o4 (initial dioxin). A p-value for an overall test of independence
between the dependent variable and inital dioxin also is reported. H

Similar to the log-linear analysis using initial dioxin, unadjusted and adjusted analyses
of discrete dependent variables with more than two categories were performed using current
dioxin and time since tour. For the unadjusted analysis, sample sizes, relative frequencies
(within each current dioxin level), current dioxin contrasts for specified pairs of dependent
variable levels with relative risks, 95 percent confidence intervals on the relative risks, and

* associated contrast p-values were reported for each time since tour stratum. For these
analyses a categorized form of current dioxin (i.e., low, medium, ind high), rather than the
continuous form of log; (current dioxin), is used. For the adjusi~d analysis, contrast-specific
adjusted reiative risks with 95 percent confidence intervals, associated contrast p-values,
and covariates and interactions retained in the mode! along with associated p-values are
presented. For both the unadjusted and the adjusted analyses, a p-value is provided that
tests the significance of the interaction between current dioxin and time since tour and, for
each time stratum, another p-value is reported as an overall test of independence between -
the discrete dependent variable and current dioxin. ‘

For log-linear analyses of initial dioxin, and those concerning current dioxin and time
since tour, the cutpoints between the three dioxin categories (i.e., between low and medium
dioxin, and between medium and high dioxin) are the same under both the minimal and
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maximal assumptions. The actual cutpoints are relevant for log-linear analyses, and this
standardization was done to permit a more valid comparison of category contrasts between
the minimal and maximal assumpticns. '

Unadjusted and adjusted analyses comparing relative frequencies for discrete dependent
variables of more than two categories also were performed to compare the four current dioxin
categories. For the unadjusted analysis, sample sizes, relative frequencies (within each of
the four categories), Ranch Hand versus Comparison contrasts for specified pairs of
dependent variable levels with relative risks, 95 percent confidence intervals on the reladve
risks, and associated contrast p-values were reported. For the adjusted analysis, sample
sizes, contrast-specific adjusied relative risks with 95 confidence intervals, associated
contrast p-values, and covariates and interactions retained in the model along with
associated p-values are presented. For both the unadjusted and the adjusted analyses, an
all categories p-value is provided that tests the independence of the categories and the
discrete dependent variable.

GRAPHICS

The analytic activities for the serum dioxin analyses were supplemented by two sets of
graphic displays: data plots/histograms and interaction plots/histograms. These raphics
were produced using the SYSTAT? graphics procedure (16).

Data Plots/Histograms

As part of the serum dioxin analyses, graphic displays were produced describing the
reladonship between each dependent variable and serum dioxin level, as well as relevant
covariates and serum dioxin level. Evaluations of the relationships between dioxin and the
covariates were carefully made because such reladonships particularly are important in the
interpretation of dioxin effects for this study (see Chapter 5, Covariate Associations). Initial
and current dioxin levels were used in continuous form. Transformations used in statistical
analyses also were incorporated into the graphic presentations.

For initial dioxin, dependent variable and covariate relationships were displayed
separately for Ranch Hands under the minimal and maximal assumptions. In addition, graphic
relationships between dependent health variables and current dioxin level, as well as
relevant covariates and current dioxin level, were prescnted separately for all Comparisons
and Ranch Hands.

For continuous dependent variables, bivariate scatterplots were produced. For binary
or categorical dependent variables, bar charts with percentages of participants classified as
abnormal for common interval groupings of dioxin were generated for each of the clinical
areas, For the covariate associations section, relative i»~quency histograms were produced
for each level of the covariate,

Figure 4-5 presents an illustration of the bar charts seen in the appandix for cach
clinical area. Figures 4-5(a), (b), and (c) display a positive relationship, uv relationship, and
a nezative relationship between the percentage of participants classified as abnoy=al and
dioxin. These displays were generated assuming equal samiple sizes for each bars interence
based on urequal sample sizes is not smaightforward, Figures 4-6(a). (b), and (¢) illustrate

b=
.

d

()



. .
ujxojQg snsieA (ejqeliep juepusdag 019128|(]) ejeq jedjeyicdAy "S- JUNDIY
(14d) wixosg
Y01 oS Y9 Bt 1 4 1 gTo
|
v
*
¢
2
: g
. - -4 oe m
ﬂ - oy
|
, 1 1 1 1 . [} 1 oS <
ﬁ ”
! uopeoossy eapeden () -+
) (10d) wxerq (104} vixog
; *ZoL 0%Z PO 0L 1 4 1 szo " sToL 9T YO O 14 1 sTo
| ° o
: ol o
v b
e L
- 4 oz e oz b
2 2
»
T
3
- -1 oc W - 4 ot g
€ H
5 - oy - 4 Oy
|
A A 1 i )\ A 1 °ﬂ ) A 1 1 1 ] b oﬂ !
uopejonsy oy (4) uoPRIOOERY SANISOY (¥) |
|
|




Uixo|Q SNB8IA (e]qelieA juepuadsQg SNCRUNUDD) vIed [eIeYiCEiH "9-p JHNDIL

(1¢d) upioig
oTete OrIOt [ X243 [+3-33 [+ X4 sZ0
—— oo
- [+ -} 4
x
iy
3
H
- oos g
o
»
4
s o'sL
2 1. s A | S I/ ) °.°°F
uopisjdossy eApeBey (9) A
-
{30d; wmxoq {y93) uixoiq
o'T8l8 O'YI0F O8Il (+2- 1] o' sZo 0'TeL8 O'¥YIOL 0O'8T) (2218 o' $TO
T————r T 00 M v T T - v oo
. 0'sZ 5 0’52
x T
~ -
A3 v
o ©
& : 4
] »
oos ¢ o oos 3
. £ s
o [
» e
-4 3
oS - 4 082
A | a A 1 a o _a 4 0004 - —ha | S X Aa 0001
uonsjoossy ON (Q) UOREIIOSBY SANITOd (9)




sxzmples of a positive relationship, no relationship, and a negative relationship between 2
dependent health variable and dioxin.

Interaction Plots/Histograms

Dioxin-by-covariate interactions also were investigated through appropriate graphic
displays. Analogous to the data plots/histograms, transformations were used in the
presentations when appropriate. If the dependent variable was continuous (e.g., blood urea
nitrogen), a significant interaction between dioxin level (e.g., initial dioxin) ard a covariate
(e.g., age) was presented as a set of bivariate scatterplots (dependent varizble versus initial
dioxin) for each level of a categorized covariate. For a discrete dependent variable (e.g.,
kidney disease: yes versus no), a significant interaction between initial dioxin and a
covariate was displayed using bar charts at each level of a categorized covariate. The bar
charts contrasted percentages of participants classified as abnormal for common interval
groupings of initial dioxin.

Statistical Analysis Protocol

Except for changes suggested by the Advisory Committee (deletioning condidonal
analyses and moving fasting glucose from Chapter 10, Gastreintestinal Assessment 10
Chapter 15, Endocrine Assessmeat), ail statistical analyses summarized in this report were
carried out as specified in an analytcal plan (17) written in Tuly 1989 and the conrract
Statement of Work; the analyses began in October 1989 and concluded in November 1990.
The analytical plan specified statistical methods, depeudznt variables, covariates, and
exclusions. These analyses did not deviate from those specified in the plan. In certain cases,
clarification analyses were carried out, however. Siric: adherence to the plan was maintained
to avoid the possibility that sore analyses might be conducied hased on the observation of
significant results. Such analyses are called “pos: hoc™ and are known to be biased (18).
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CHAPTER §
COVARIATE ASSOCIATIONS

INTRODUCTION

This chapter evaluates the covariates used in adjusted statistical analyses for signifi--
cant associations with initial dioxin levels for the Ranch Hand participants and current dioxin
levels for the Ranch Hands and the Comparisons. The evaluation, with respect to initial
divxin levels for the Ranch Hand participants, was performed under both the minimal and the
maximal assumptions (i.c., Ranch Hands with current dioxin above 10 ppt and above 5 ppt,
respectively; sce Chapter 4, Statistical Methods, for a further discussion of these
assumptions). Asscciations between the covariates and the health status variables are
documented in the previous Air Force Health Study repert of the 1987 examination data (1).

Table 5-1 presents geometric mean dioxin levels (transformed from the logarithm base
2 scale) and sample sizes by covariate category under both assumptions for initial dioxin and
under both group classifications (i.e., Ranch Hands and Cornparisons) for current dioxin.
Mean dioxin levels, expressed in parts per triilion (ppt), were evaluated for statstical
significance across the defined categories of a pardcular covariaie (¢.g., under both
assumptions, ininal dioxin means of Black and non-Elack Ranch Hand participants were
compared for a statistically significant difference). The aggregate sample size and the
significance probability associated with comparing dioxin means across covariate levels are
included in the table. Aggregate sample sizes may differ from covariate to covariate because
of missing covariate information. The significance probability was determined from statistics
calcuiated on the logarithm base 2 scale of the serum dioxin concentration. For covariates on
a continuous scale, the correlation coerficient and the associated significance probability are
presented in the table. The correlation coefficient is based on the association between the
covariate and the logarithm base 2 of the serurn dioxin concentration. Dioxin levels equal to
zero were assigned a value of 0.1 ppt due to the logarithmic transformation used in the
analyses of all Ranch Hands and all Compariscns.

MATCHING YARIABLES (AGE, RACE, AND OCCUPATION)

The variables age, race, and military occupation were used in the design of the Air Force
Health Study to match Ranch Hand participants with Comparisons and thus reduce the
association betrween these variables and group status. It was not possible to eliminate the
association of these variables with serum dioxin through the study design, however.

In general, age at Baseline (1982) exhibited a significant negative correlaton with inital
dioxin (p<0.001 under boih the minimal and maximal assumptions). For Ranch Hands born in
or after 1942, and for those born before 1942, initial dioxin means were 226.6 ppt and 148.5
ppt under the mirnimal assumpton. Corresponding means of initial dioxin under the maximal
assumption were 149.9 and 101.6 ppt, respectively. For all Ranch Hand participants a
significant negative correlation between age and curreat dicxin was exhibited (p<0.601). The
current dioxin means were 19.3 ppt and 11.7 ppt for Ranch Hands bom in or aftsr 1942 and
Ranch Hands born before 1942. For the Comparisons the correlation between age and
current dioxin was also significant, but posidve (p<0.001). The current dioxin means were
3.0 ppt for Comparisons bomn in or after 1942 and 4.0 ppt for Comparisons born before 1942,

5-1



TABLE 5-1.

Relationship of Covariates to Initial and Current Dioxin

Initial Dioxin (Ranch Hands)

. Ranch
Variable Statistic Minimal Maximal Hand Comparison
Matching Variables
Age n 521 742 866 804
(continuous) Correlation -0.240 -0.200 -0.205 0.155
© p-Value <0.001 <0.001 <0.001 <0.001
Age (year n 521 742 866 804
~ of tirth) Mean (n) :
- (discrete) Born>1942 226.6 (237) 1499 (314) 19.3 (355) 3.0 (330)
Born<1942 148.5 (284) 101.6 (428) 11.7 (511) 4.0 (474)
p-Value <0.001 <0.001 <0.001 <0.001
Race a 521 742 866 804
Mean (n) '
_ Black 1345 (32) 114.7 (38) 14.6 (44) 2.9 (49)
Non-Black 183.5 (489) 120.0 (704) 14.4 (822) 3.6 (755)
p-Value 0.011 0.701 0.904 0.288
Occupation n 521 742 866 804
Mean (n)
Officer 91.7 (108) 61.4 (246) 7.7 (319) 4.0 (291
Enlisted Flyer 1723 (108) 134.7 (132) 163 (148) 3.7 (127
Enlisted , .
Groundcrew 232.1 (305) 180.2 (364) 23.2 (399) 3.2 (386)
p-Value <0.001 <0.001 <0.001 0.007
Alcohol Variables
Current n 518 737 861 - 804
Alcohol Use  Correlation 0.043 0.014 0.039 0.023
(continuous) p-Value 0.326 0.703 0.255 0.523
Current n 518 737 861 804
Alcohcl Use  Mean (n)
(drinks/day) 0-1 181.8 (420) 121.4 (594) 14.3 (696) 3.6 (630}
(discrete) >1-4 158.4 (83) 105.5 (124) 13.6 (143) 3.2 (143)
: >4 276.6 (15) 182.2 (19) 22.3 (22) 45 (31
p-Value 0.051 0.049 0.171 0:.100
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TABLE 5-1. (Continued)

Relationship of Covariates to Initial and Current Dioxin

ioxi anch
—Assumption
Ranch

Variable Statistic Minimal Maximal Hand Comparison
Lifetime n 515 733 857 802
Alcohol Correlation 0.044 0.057 0.012 0.005
History p-Value 0.318 0.125 0.728 0.894
(continuous)
Lifetime n 515 733 857 802
Alcohol Mean (n)
History 0 233.7 (57) 163.7 (73) 18.7 (85) 3.8 (61)
(drink-years) >(-40 167.5 (345) 110.1 (307) 13.4 (599) 3.5 (547)
(discrete) >40 192.8 (113) 134.3 (153) 15.8 (173) 3.6 (194)

p-Value 0.012 0.001 0.021 0.810
Current n 517 737 861 803
Wine Use Correlation -0.111 -0.110 -0.054 -0.007
(continuous) p-Value 0.011 0.003 0.110 (.853
Current n 517 737 861 803
Wine Use Mean (n)
(drinks/day) 0 197.2 (349) 139.9 (459) 16.7 (526) 3.6 (453)
(discrete) >0 148.5 (168)  92.1 (278) 11.3 (335} 3.5 (345

p-Value <0.001 <0.C01 <0.001 0.656
Lifetime n 517 736 860 802
Wine History Correlation -0.160 -0.107 -0.059 0.018
(continuous) p-Value <0.001 0.004 0.086 0.603
Lifetime n 517 736 360 802
Wine History Mean (n)
(drink-years) 0 207.4 (301) 144.2 (398) 169 (458) 3.6 (403)
(discrete) >0-10 151.9 (191)  97.1 (302) 11.5 1363) 3.5 (367)

>10 117.9 (25) 87.5 (36) 129 39) 4.3 (32)
p-Value <0.001 <0.001 <0.001 0.482
5-3
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TABLE 5-1. (Continued)

Relationship of Covariates to Initial and Current Dioxin

Initial Dioxin (Ranch Hands)
—Assumption _ __ —Cumrent Dioxin
. Ranch

Variable Statistic Minimal Maximal Hana Comparison
Smoking Variables
Current n 521 742 866 804
Cigarette Correlation 0.013 0.034 -0.067 -0.074
Smoking p-Value 0.758 0.355 0.049 0.035
(continuous)
Current n 521 742 866 804
Cigarette Mean (n) ‘
Smoking 0-Never 189.0 (135) 114.1 (207) 15.2 (236) 4.3 {223)
(cigarettes/ 0-Former 169.1 (196) 113.6 (282) 14.5 (323) 3.5 (336)
day) >0-20 187.9 (101) 137.4 (131) 14.5 (159) 2.9 (128)
(discrete) >20 182.7 (89) 126.6 (122) 12.9 (148) 3.1 (117)

p-Value 0.603 0.208 0.587 - <0.001
Lifetime n 521 742 866 804
Cigarette Correlation -0.064 -0.010 -0.094 -0.013
Smoking p-Value 0.147 0.783 0.006 0.719
History
(continuous)
Lifetime n 521 742 866 804
Cigarette Mean (n)
Smoking 0 187.7 (136) 113.8 (208) 15.1 (237) 4.3 (223)
History >0-10 180.6 (152) 124.5 (206) 15.3 (237) 2.9 (218)
{(pack-years) >10 175.3 (233) 120.7 (328) 13.5 (392) 3.6 (363)
(discrete) p-Value 0.749 0.621 0.297 <0.001
Sun Exposure-Related Variables
Average n 489 704 821 - 750
Lifetime Mean (n)
Residential Latitude 67: 156.5 (205) 126.1 (295) 14.2 (344) 3.7 (385)
Latituded Laticude >37 174.6 (284) 115.8 (409) 14.2 (477) 3.6 (365)

p-Value 0.128 0.247 0.596 0.786
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TABLE 5-1. (Continued)

Relationship of Covariates to Initial and Current Dioxin

Initizl Dioxin (Ranch Hands)

Assumption 105
Ranch
Variable Statistic Minimal Maximal Hzrd Co:npazrison
Ethnic n 476 637 801 738
Background2.® Mcan (n)
AB 179.8 (447) 116.5 (654) 14.0 (767) 3.7 (701)
CDE 2604 (29) 214.8 (33) 29.1 (34) 29 (37
p-Value 0.022 <0.00! <0.00! C.115
Skin Color? n 489 703 821 755
Mean (n)
Peach 183.3 (3953 122.5(.59) 14.7 (651) . 3.6 (615
Non-Psach 184.3 (54) 111.5(149 134 (170) 3.5 (140)
p-Value 0.952 0.293 0.354 0.582
Hair Color2 n 489 704 822 754
Mean (n)
Black/Dark Brown  196.7 (332} 129.0 (467) 15.7 (541) 3.6 (524)
Other 158.4 (157) 104.2 (237) 12.2 (281) 3.7 (230)
p-Value 0.008 0.005 0.004 0.486
Eye Color? n 498 703 821 753
Mean (n)
Brown 206.2 (150y 135.4 (211) 16.4 (242) 3.4 (227)
Hazel/Green 167.8 (144) 113.5 (205) 13.3 (241) 3.4 (188)
Grey/Blue 179.6 (124) 114.4 (287) + 3.8 (338) 3.9 (338)
p-Value 0.101 0.097 0.103 0.072
Reaction of n 489 704 822 755
Skin to Sun Mean (r)
After at Barued Painfilly 1832.6 (35) 123.3 (4%) 14.8 (56) 5.0 (48)
Least 2 Hours, Busaed 170.1 (63) 117.6 (87) 14.9 (102) 3.7 (50)
After First Became Red 192.3 (195) 120.1 (292) 14.2 (345) 3.5 (326)
Exposured No Reacticn 172.1 (196) 120.1 277) 14.3 (319) 3.5 (291)
p-Value 0.720 0.995 0.997 0.062




TABLE §-1. (Centinued)

Relationship of Covariates to Initial and Current Dioxin

Initial Dioxin (Ranch Hands)
—Assumption
Ranch
Variable Statistic Minimal Maximal Hand Comparison
Reaction of n 489 704 8§22 754
Skin to Sun Mean (n) ’
After Freckled-No Tan 2024 (11) 138.1 (15) 159 (i18) 5.6 (18)
Repeated Tanned Mildly 2072 (74) 1494 (85 16.1 (119) 3.4 (109)
Exposured Tanned Mcderately 178.3 (246) 113.8 (366) 14.5 (417) 3.8 (393)
Tanned Deep Brown 179.9 (158) 118.2 (228) 13.4 (268) 3.4 (234)
p-Value 0.565 0.094 0.507 0.088
Composite n 489 704 822 754
Sun Reaction Mean (n)
Indexa.C Low 180.7 (358) 116.5 (526) 14.0 (609) 3.5 (557)
Medium 1943 (50) 1345 (121) 15.8 (147) 3.4 (i39)
High 1849 (41) 1244 (57) 15.1 (66) 5.1 (5%8)
p-Value 0.764 0.319 0.496 0.008
Carcinogen Exposure Variables
Asbestos’ n 521 742 866 804
Exposure Mean (n)
Yes 183.6 (129) 121.3 (185) 14,5 (212) 3.7 (1995
No 178.8 (392) 119.3 (5357) 14.3 (654) 3.5 (609)
p-Value 0.754 0.832 0.802 0.580
Ionizing n 521 742 866 804
Radiation Mean (n)
Exposure Yes 160.6 (105) 115.7 (143) 123 (175) 3.5 (212)
No 185.2 (4158) 120.8 (599) 15.0 (691) 3.6 (592)
p-Value 0.118 0.626 0.070 0.333
Industrial n 521 742 366 804
Chemical Mean (n)
Exposure Yes 196.83 (311) 138.8 (408) 16.6 (470) 3.4 (443)
No 157.8 (210) 100.0 (334) 12.1 (396) 3.8 (361)
p-Value 0.003 <0.001 <0.001 0.043
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TABLE 5-1. (Centinued)

Reiationship of Covariates to Initial and Cusrent Dioxin

Initial Dioxin (Ranch Hand:)
—Assymption____
Ranch
Variable Statistic Minimal Maximal Hand Comparison_
Herbicide n 521 742 866 804
Exposure Mean (n)
Yes 180.5 (493) 119.7 (703) 14.6 (816) 3.2 (263)
No 170.6 28) 121.3 (39) 11.9 (50) 3.5 (541
p-Value 0.728 0.933 0.227 0.151
Insecticide n 521 742 866 304
Exposure Mean (n) '
Yes 173.0 (381) 118.0 (537) 14.1 (626) 3.7 (454)
No 200.5 (140)  124.6 (205 152 (240) 3.5 (350)
p-Value 0.074 0.484 0.391 0.430
Degreasinz n 521 742 866 804
Chemical Mean (1)
Exposure Yes 196.0 (353) 137.3 (471) 17.1 (529) 3.6 (499)
No 150.5 (168)  94.5 (271) 10.9 (337) 3.6 (308)
p-Value 0.001 <0.0C1 <(.001 0.926
Anthracene n 521 742 866 803
Exposure Mecan (n)
Yes 834 (1) 834 () 150 (1) 4.0 3)
No 180.3 (520) 119.8 (741) 14.4 (865) 3.6 (800)
p-Value 0.357 0.704 0.971 0.832
Arsenic n 521 741 865 8G3
Exposure Mean (n)
Yes 156.0 (1Y 100.5 (18) 129 2y 3.1 (1)
No 18C.6 (510) 1204 (723) 144 (844) 3.6 (790)
p-Value 0.567 0.426 0.669 0.557
Benzene n 521 742 866 804
Exposure Mean (n) .
Yes 2262 (21) 1626 (27) 169 33 37 2D
No 173.3 (5G0)  113.4(715) 14.3 (833) 3.6 (783
p-Value 0.201 0.089 0.522 0.892



TABLE §-1. (Coutinued)

Relationship of Covariates to Initial and Current Dioxin

Luisial Dioxia (Ranch Hands)
—Assumption
Ranch
Variable Statistic Minimal Maximal Hand Comparison
Benzidine n 521 742 866 802
Exposure Mean (n)
Yes 127.5 (5) 938 (7) 75 9 37 9
No 180.6 (516) 120.0 (73%5) 14.5 (857) 3.6 (793)
p-Value 0.355 0.495 0.313 0.929
Chromate n 515 739 863 304
Exposure Mean (n)
Yes 232.5 (36) 159.2 (47) 178 (5% 3.3 (39)
No 176.6 (483) 117.5 (692) 14.2 (808) 3.6 (765)
p-Value 0.057 0.034 0.160 0.593
Coal Tar A 521 742 866 804
Exposure Mean (n)
Yes 137.0 (18) 121.7 (20) 9.7 27) 41 (@)
No 181.8 (503) 119.7 (722) 14.6 (839) 3.6 (777) -
p-Value 0.158 0.940 0.207 0.459
Creosote n 521 742 866 804
Exposure Mean (n)
Yes 175.7 (47) 125.6 (62) 13.8 (76) 3.2 (63)
No 180.4 (474) 119.2 (680) 14.4 (796) 3.5 (74])
p-Value 0.837 0.683 0.752 0.381
Aminodipheayl n 521 742 356 802
Exposure Mean (n)
Yes 832 {2) 832 () 144 (2) 44 )
No 180.5 (519) 119.9 (740) 14.4 (864) 3.6 (798)
p-Value <0.001 <0.001 0.998 0.649
Chloromethyl n . 520 740 864 804
Ether Mean (n)
Exgposure Yes 1443 (3) 654 (8) 6.0 (10) 42 (1D
No 180.1 (517) 120.5 (732) 14.5 (854) 3.6 (793)
p-Value 0.648 0.070 0.015 0.267
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TABLE 5.1. (Continued)

Ralationship of Covariates to Initial and Current Dioxin

Initial Dioxin (Ranch Hands)
; . Cu Dioxi
Ranch
Variable Statistic Minimal Maximal Hand Comparison
Mustard Gas n 521 742 866 804
Exposure Mean (n) ‘
Yes 1263 (3) 1263 (3) 102 (4) 38 (4)
No 180.4 (518) 119.7 (739)  14.4 (862) 3.6 (800)
p-Value 0.461 0.923 0.553 0.633
Naphthylamine n 521 741 865 803
Exposure Mean (n)
Yes - 219.1 (23) 179.5 (26) 199 (30) 3.3 (20)
No 178.4 (498) 113.2 (715) 14.2 (835) 3.6 (783)
p-Vaiue 0.249 0.028 0.217 0.759
Cutting Qils n 521 742 866 304
Exposure Mean {n)
g Yes 174.1 (76) 118.8 (107) 13.9 (124) 3.0 (102)
No 181.0 (445) 119.9 (635) 14.5 (742) 3.7 (702)
p-Value 0.706 0.924 0.693 0.076
8
id Trichloro- n 518 738 862 804
ethylene Mean .n)
Exposure Yes 207.5 (57) 142.4 (76) 155 91) 3.3 (71)
No 176.7 (461) 117.3 (662) 142 (771) 3.6 (733)
p-Value 0.170 0.092 0.547 0.386
Ultraviolet n 521 742 866 803
Licht Mean (n1)
% (Net Sun) Yes 142.7 (13) 101.1 (18) 13.8 (200 42 (17
Exposurs No 181.1 (508) 120.3 (724) 14.4 (346) 3.6 (786)
p-Value 0.311 0.445 0.308 0.232
% Vinyl Chloride n 520 741 865 803
Exposure Mean (n)
Yes 209.7 (10) 1441 (13) 170 (15) 4.1 (11
No 179.5 (510) 119.3 (728) 14.3 (850) 3.6 (792)
p-Value 0.568 0.478 0.564 0.363
5.9




TABLE 5-1. (Continued)

Relationship of Covariates to Initial and Current Dioxin

5-10

: . . Dioxi
Ranch
Variable Statistic Mirnimal Maximal Hand Comparison
Composite n 515 731 855 796
Carcinogen Mean (n)
Exposure Yes 1929 (155) 134.2 (208) 16.4 (236) 3.3 (179)
No 174.3 (360) 114.7 (523) 13.6 (619) 3.6 (617)
p-Value 0.209 0.045 0.038 0.157
Personal and Family Health
Variables
Cholesterol n 521 742 866 304
(continuous)  Correlaticn 0.054 0.045 0.051 0.046
p-Value 0.217 0.215 0.137 0.166
Cholesterol n 521 742 866 804
~ (mg/dD) Mean (n)
(discrete) <200 163.4 (163) 112.0 (238) 13.0 (287) 3.4 (281)
>200-230 175.8 (177) 120.7 {244) 15.2 (275) 3.4 (244)
>230 195.6 (181) 125.4 (260) 15.1 (304) 3.9 (279)
p-Value 0.227 0.362 0.175 0.139
HDL n 521 742 866 804
(continuous)  Correlation -0.074 -0.142 -0.136 -0.0%99
p-Value 0.090 <0.001 <0.001 0.005
HDL n 521 742 866 804
(ng/dl) Mean (n)
(discrete) 540 182.7 (206) 138.6 (261) 17.5 (289) 26 (269)
>40-50 188.6 (173) 121.7 (251) 14.5 (294) 3.7 (294)
>50 166.5 (142)  99.6 (230) 11.6 (283) 3.1 (246)
p-Value 0.400 <0.001 <0.001 0.008
Cholesterol-  n 521 742 866 804
HDL Ratio Correlation 0.078 0.146 0.148 0.109
(continuous)  p-Value 0.076 <0.001 <0.001 0.002




TABLE 5-1. (Continusd)

Relationship of Covariates to Initial and Current Dioxin

Initial Dioxin (Rancn Hands)
Assumption —Current Dioxin
Ranch
Variable Statistic Minimal Maximal Hand Comparison
Cholesterol- n 521 742 866 804
HDL Rato Mean (n)
(discrete) <4.2 158.1 (138)  97.0 (222) 11.3 (274) 3.0 (264)
>4.2-5.5 187.9 (199) 124.5 (283) 15.2 (322) 3.9 (28%)
»>5.5 189.3 (184) 139.3 (237) 17.2 (270) 3.9 (254)
p-Value 0.104 <0.001 <0.001 0.001
Diabetic n 519 740 863 802
Classd Mean (n)
Normal 174.4 (371) 112.8 (548) 13.5 (648) 3.4 (620)
Impaired 176.2 (82) 123.7 (110) 14.8 (130} 4.0 (115)
Diabetic 221.9 (66) 169.9 (82) 219 (85) 4.5 (67)
p-Vaiue 0.095 0.001 0.001 0.028
Differential n 509 721 839 770
Cortisol Correlation -0.024 -0.059 -0.076 -0.052
Response p-Value 0.583 0.112 0.027 0.152
(continuous)
Differential n 509 721 839 770
Cortisol Mean {(n)
Response <0.6 191.7 (185) 132.0 (251) 15.7 (288) 3.6 (279)
(mg/dl) >0.6-4.0 189.0 (192) 127.5 (265) 16.4 (299) 3.8 (262)
(discrete) >4.0 155.5 (132) 101.4 (205) 11.5 (252) 3.3 (233)
p-Value 0.056 0.007 <0.001 0.315
Percent Body n 521 742 866 804
Fat Correlation 0.139 0.210 0.300 0.154
(continuous) p-Value 0.001 <0.001 <0.001 <0.001
Percent Body n 521 742 866 804
Fat Mean (n)
(discrete) Lean/Normal: €25% 170.4 (389) 110.2 (579) 12.9 (693) 3.3 (608)
Obese: >25% 2114 (132) 161.1 (163) 22.4 (173) 4.4 (196)
p-Value 0.018 <0.001 <0.001 <0.001
5-11
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TABLE 5-1. (Continued)
Relationship of Covariates to Initial and Current Dioxin
 Initial Dioxin (Rarch Hands)
; . c Dioxi
. Ranch
Variable Statistic Minimal Maximal Hand Comparison
Family n 521 742 866 804
History of Mean (n}
Heart Discase Yes 176.9 (125) 118.5(1738) 139 (208) 3.5 (177)
No 181.0 (396) 120.2 (564) 14.6 (658) 3.6 (627)
p-Value 0.793 0.867 0.591 0.763 E
Family n 521 742 866 804
History of Mean (n)
Heart Disease Yes 179.0 (17) 106.5 (27 145 (30) 2.3 {26)
Before Age 50 No 180.0 (504) 120.3 (715) 14.4 1836) 3.6 (778)
p-Value 0.979 0.515 0.970 0.134
Other Variables i
Educarion n 517 737 860 799
Mean (n) ’
High School 198.0 (322) 153.1 (395 13.2 (448) 3.5 (400)
College 1534 (195) 89.8 (342) 11.1 (412) 3.7 (359)
p-Value 0.001 <0.001 <0.001 0.378
Blood Type n 519 738 861 802
Mean (n)
A 182.4 (224) 125.0 (307) 15.0 351) 3.6 (311)
AB 1719 (18) 1118 27 146 31 43 (24
B 184.5 (54) 128.5 (72) 149 (87) 3.8 (9%)
0] 177.3 (223) 114.4 (332) 13.8 (392) 3.4 (369)
p-Value 0.973 0.593 0.773 0.469
Presence of n 521 742 866 804
Pre-SEA Acne Mcuan (n)
Yes 193.0 (53) 1336 (71) 15.1 (88) 2.8 (8%)
No 178.6 (468) 118.4 (671) 143 (778) 3.4 (716)
p-Value 0.523 0.309 0.819 0.246




TABLE 5-1. (Continued)

Relaticnship of Covariates to Initial and Current Dioxin

Initial Dioxin (Ranch Hands)
Ranch
Variable Statistic Minimal Maximal Hand Comparison
Personality n 506 717 834 769
Type Mean (n)
Type A 173.9 (222) 1123 (331)  13.6 (381) 3.5 (325)
Type B 185.2 (284) 128.3 (386)  15.3 (453) 3.6 (444)
p-Value 0.401 0.061 0.148 0.685

ABlacks excluded.

bEthnic Background - A: Eaglish, Welsh, Scouish, or Irish
B: Scandinavian, Germarn, Polish, Russian, Other Slavic, Jewish, or French
C: Spanish, Italian, or Greek
D: Mexican, American Indian, or Asian
E: African
AB: AorB
CDE: C, D, orE. .
€Compositz Sun R=iciion Index (from reaction of skin after a¢ least 2 hours after first exposure and resction of skin
after repeated exposure) = High: Burns painfully and/or frenkles with no tan
Mediumn: Bumns and/or tans mildly
Low: All cther reactions.
9Diebetic Class ~ Normal: <140 mg/dl 2-hour postprandial glucose
Impaired: 2140-<200 mg/d]l 2-hour postprandial glucose
Diabetic: Verified past history of diabetes or 2200 mg/di 2-hour postprandial glucose.
Note: All means expressed in parts per trillicn and have been transformed from the lcgarithm (base 2) scale.




Under the minimal assumption, the Black and non-Black Ranch Hand categories had
significantly different initial dioxin means (134.5 ppt versus 183.5 ppt, p=0.011). Under the
maximal assumption, the initial dioxin means were not significantly different between the race
categories (p=0.701). The current dioxin means were also not significantly different between
the race categories for all Ranch Hand participants and for all Comparisons (Ranch Hands,

- p=0.904; Comparisons, p=0.238).

As expected, the initial dioxin means differed significantly, under both assumptions,
among the Ranch Hands who served as officers, enlisted flyers, and enlisted groundcrew
(minimal, p<0.001; maximal, p<0.001). The initial dioxin means, under the minimal
assuinption, were 91.7 ppt for the officers, 172.3 ppt for the enlisted flyers, and 232.1 ppt for
the enlisted groundcrew. The corresponding means under the maximal assumption were 61.4,
134.7, and 180.2 ppt, respectively. The current dioxin means also differed significantly for all
Ranch Hands (p<0.001) and for all Comparisons (p=0.007). However, for the Ranch Hands,
the enlisted groundcrew had the highest current dioxin mean (officers: 7.7 ppt; enlisted flyers:
16.3 ppt; enlisted groundcrew: 23.2 ppt), whereas, for the Comparisons, the officers had the
highest current dioxin mean (officers: 4.0 ppt; enlisted flyers: 3.7 ppt; enlisted groundcrew:
3.2 ppt). (See Chapter 2, Dioxin Assay, for a further discussion of these results.)

DRINKING HABITS

Drinking habits were analyzed on the basis of current alcohol use, lifetime alcohol
history, current wine use, and lifetime wine kListory.

Under the minimal assumption, the mear initial dioxin levels for Ranch Hands with
current alcohol use values categorized as zero to one drink per day, over one but no more
than four drinks per day, and over four drinks per day were marginally significant (p=0.051;
0-1 drink per day: 181.8 ppt; >1-4 drinks per day: 158.4 ppt; >4 drinks per day: 276.6 ppt).
Under the maximal assumption, the msan initial dioxin levels differed significantly (p=0.049)
with corresponding means of 121.4 ppt, 105.5 ppt, and 182.2 ppt for increasing current alcohol
use categories. However, when current alcohol use was treated as a continuous variable, the
correlation between current alcohol use and initial dioxin was not significant under both
assumptions (minimal, p=0.326; maximal, p=0.703).

For all Ranch Hand participants, the mean currenat dioxin Jevels did not differ
significantly among the current alcohol use categories (p=0.171). The differences were
marginally significant for all Comparisons (p=0.160; 0-1 drink per day: 3.6 ppt; >1-4 drinks
per day: 3.2 ppt; >4 drinks per day: 4.5 ppt). The correlation between current alcohol use,
when treated as a continuous variable, and current dioxin was nonsignificant for both groups
(Ranch Hands, p=0.255; Comparisons, p=0.523).

Under both assumptions, mean initial dioxin levels differed significantly among Ranch
Hands who had lifetime alcohol history values of 0 drink-years, over 0 but no more than 40
drink-years, and over 40 drink-y=ars (minimal, p=0.012; maximal, p=0.001), (See Chapter 7,
Malignancy Assessment, for a definition of drink-years.) For these lifetime alcohol histery
categories, the mean initial dioxin levels for the minimal cohort were 233.7, 167.5, and 192.8
ppt, respectively. For the maximal cohort, the corresponding mean initial dioxin levels were
163.7, 110.1, and 134.3 ppt, respectively. Under both assumptions, however, the correlation
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“between lifetime alcohol history and initial dioxin was not significant when lifetime alcohol
history was treated as a contnuous variable (minimal, p=0.318; maximal, p=0.125).

The mean current dioxin levels wers significandy different among the lifetime alcohol
categories for all Ranch Hand participants (p=0.021). The current dioxin means for the
categories of 0 drink-years, over 0 but no more than 40 drink-years, and over 40 drink-years
were 18.7, 13.4, and 15.8 ppt. For all Comparisons, the differsnces in the mean current dioxin
levels were not significant (p=0.810). When lifetime alcohol history was treated as a
continucis variable, the correlation between lifetime alcokol history and current dioxin was
not significant for both groups (Ranch Hands, p=0.728; Comparisons, p=0.894).

Under both the minimal and maximal assumptions, the mean initial dioxin levels differed
significantly between Ranch Hands who reported they did not drink wine and Ranch Hands
who reported they drank wine at the time of the 1987 examination (minimal, p<0.001;
maximal, p<0.001). The mean initial dioxin levels for the minimal cohort were 197.2 ppt for
Ranch Hands with zero drinks per day and 143.5 pot for Ranch Hands with more than zero |
drinks per day. For the maximal cohort, the corresponding mean inital dioxin levels were
139.9 ppt and 92.1 ppt. When current wine use was treated as a continuous variable, a
significant negative correladon berween current wine use and inidal dioxin was exhibited
under both assumptions (minimal, p=0.011; maximal, p=0.003).

For all Ranch Hand participants, the mean current dioxin level was significantly higher
for Ranch Hands who reported they did nct drink wine than for Ranch Hands who reported
they drank wine at the time of the 1987 examination (p<0.001). The current dioxin means
were 16.7 ppt and 11.3 ppt for the two current wine use strata (i.e., 0 drinks per day and >0
drinks per day). However, the correlation between current wine use, when treated as a
continuous variable, and current dioxin was nonsignificant for all Ranch Hand participants
(p=0.110). For all Comparisons, the current dioxin means did not differ significantly between
the two current wine use categories (p=0.656). The correiation between current wine use
and current dioxin was also nonsignificant for the Comparisons (p=0.853).

The mean initial dioxin levels differed significantly among the lifetime wine histery
categories (0 drink-years, >0-10 drink-years, and >10 drink-years) under both assumptions
(minimal, p<0.001; maximal, p<0.001). Under the minimal assumpticn, the mean initial dioxin
levels were 207.4, 151.9, and 117.9 ppt for the lifetime wine history categories (0 drink-years,
>0-10 drink-years, and >10 drink-ears). Under the maximal assumption, the corresponding
means were 144.2, 97.1, and 87.5 ppt, respectively. When lifetime wine history was treated
as a continuous variable, a significant negative correlation between lifetime wine history and
current dioxin was exhibited under both assumptions (minimal, p<0.001; maximal, p=0.004).

There was a significant difference in the mean current dioxin levels for all Ranch Hand
participants with lifetime wine history values of 0 drink-years, greater than 0 but no more
than 10 drink-years, and greater than 10 drink-years (p<0.001). The mean current dioxin
levels were 16.9, 11.8, and 12.9 ppt for the lifedime wine history categories, respectively. For
all Ranch Hand participants, there was a marginally significant negative correlation between
lifetime wine history, when weated as a continuous variable, and current dioxin (p=0.086).
For all Comparisons, the difference in mean current dioxin levels among the lifetime wine
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history categories was not significant (p=0.482). In contrast to the Ranch Hands, the
correlation between lifetime wine history and current dioxin was positive, but nonsignificant
for all Comparisons (p=0.603). - :

SMOKING HABITS

The covariates used to evaluate smoking habits were current cigarette smoking and
lifetime cigarette smoking history.

Under the minimal and maximal assumptions, the mean initial dioxin levels were not
significantly different for Ranch Hands with current cigarette smoking habits categorized as
follows: never smoked, formerly smoked, smoked no more than 20 cigarettes per day, and
smoked over 20 cigarettes per day (minimal, p=0.603; maximal, p=0.208). Similarly, the
mean current dioxin levels were not significantly different among the defined current cigarette
smoking categories for all Ranch Hand participants (p=0.587). However, for all Comparisons,
there was a significant difference in the mean current dioxin levels among the current
cigarette smoking categories (p<0.001). The mean current dioxin levels were 4.3 ppt for
those who never smoked, 3.5 ppt for those who formerly smoked, 2.9 ppt for those who
smoked no more than 20 cigarettes per day, and 3.1 ppt for those who smoked over 20
cigarettes per day.

When current cigarette smoking was treated as a continuous variable, the correlation
between initial dioxin and current cigarette smoking was not significant under both
assumptions (minimal, p=0.758; maximal, p=0.355). However, for all Ranch Hand
participants, the correlation between current dioxin and current cigarette smoking was
significantly negative (p=0.049). For all Comparisons, there was also a significant negative
association between current dioxin and current cigarette smoking (p=0.035).

Mean initial dioxin levels were compared for Ranch Hands who had categorized lifetime
cigarette smoking history values of 0 pack-years, up to 10 pack-years, and over 10 pack-
years. (See Chapter 7 for a definition of pack-years.) Under both assumptions, the means
were not significantly different (minimal, p=0.749; maximal, p=0.621). In addition, mean
current dioxin levels also did not differ significantly among all Ranch Hand participants for the
categorized lifetime cigarette smoking history values (p=0.297). However, there was a
significant difference in mean current dioxin levels for all Comparisons (p<0.001; 0 pack-
years: 4.3 ppt; >0-10 pack-years: 2.9 ppt; >10 pack-years: 3.6 ppt).

The correlation between initial dioxin and lifetime cigaretts smoking, when treated as a
continuous variable, was not significant under both assumpiions (minimal, p=0.147; maximal,
p=0.783). Likewise, the correlation between current dioxin and lifetime cigarette smoking
was not significant for all Comparisons (p=0.719). However, for all Ranch Hand participants,
there was a significant negative correlation between current dioxin and lifetime cigarette
smoking (p=0.006).

SUN EXPOSURE CHARACTERISTICS

The following covariates characterize sun exposure and reaction to sun exposure:
average lifetime residential latitude, ethnic background, skin color, hair color, eye color,
reaction of skin to sun after at least 2 hours of exposure after first exposure, reaction of skin
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to sun after repeated exposure, and a composite sun-reaction index. These variables were
candidate covariates for the skin neoplasm analyses. Since Blacks were excluded in the
analyses of skin neoplasms, they ware also excluded in these analyses.

A line connecting San Francisco, California, and Richmond, Virginia, approximates.37
degrees North latitude. Participants were classified into two categories depending on
whether their average lifetime residential latdwude was above or below 37 degrees North
latitude. The determination of each participant’s average lifetime residential ladtude is
discussed in Chapter 7. Under both the minimal and maximal assurnptions, the initial dioxin
means did not differ significantly between Ranch Hands who resided in.thc ncrthern latitudes
(237° N. latitude) and those who resided in the southemn latitudes (<37 N. latitude)
(minimal, p=0.128; maximal, p=0.247). The currznt dioxin means also did not differ
significantly between the north and the south for all Ranch Hand participants (p=0.596) and
for all Comparisons (p=0.786).

For this study, ethnic background was divided into five categories (A: English, Welsh,
Scottish, or Irish; B: Scandinavian, German, Polish, Russian, Other Slavic, Jewish, or French:
C: Spanish, Italian, or Greek; D: Mexican, American Indian, or Asian; E: African). These
five categories were combined into two categories for this analysis (A and B in one category:
C, D, and E in the other). Under the minimal assumption, there was a significant difference in
the mean inital dioxin levels between these two categories (p=0.022; AB: 179.8 ppt, CDE:
260.4 ppt). The mean initial dioxin levels also differed significantly under the maximal
assumption (p<0.001; AB: 116.5 ppt; CDE: 214.8 ppt). For all Rauch Haad participants
there was a significant difference in the mean current dioxin levels (p<0.061; AB: 14.0 ppt;
CDE: 29.1 ppt), but, for all Comparisons, the difference in the current dioxin means was not
significant (p=0.115). For the Ranch Hands, the current dioxin mean was greater for the

CDE category, whereas, for the Comparisons, the AB category had the larger current dioxin
mean.

There were no significant differences, under either assumption, in the mean initial dioxin
levels between Ranch Hands with skin color categorized as peach and those whose skin
color was not peach (minimal, p=0.952; maximal, p=0.293). The difference in the mean

current dioxin levels was nonsignificant for all Ranch Hand participants {p=0.354) and for all
Comparisons (p=0.582).

P R O R RN Rt

Under both assumptions, the inidal dioxir means were significantly different between
Ranch Hands with black or dark brown hair and other Ranch Hands (minimal, p=0.008;
maximal, p=0.005). Thc means, under the minimal assumptioa, were 196.7 ppt for black or
dack brown hair and 158.4 ppt for other hair colors. Under the maximal assumption, the
corresponding means were 129.0 and 104.2 ppt. The difference in the curreat dioxin means
was significant for all Ranch Hand participants (p==0.004), but not for all Coczparisons
(p=0.486). For the Ranci Hands, the current dioxin means were 15.7 ppt (black/dark brown)
and 12.2 ppt (other); whereas, for the Comparisons, the current dioxin mean was lower for
the black/dark brown hair categsry than for the other category.

ey eon

] G AR s DN R

No significant association was found betwesn eye color and inidal dioxin under the
minimal assumption (p=0.101). Hocwever, under the maximal assumption, there was 2
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marginally significant difference in the initial dioxin means among the eye color categories of
brown, hazel/green, and grey/blue (p=0.097}. The initial dioxin means were 135.4, 113.5, and
114.4 ppt, respectively. For all Ranch Hand participants, the association between eye color
and current dioxin was nonsignificant (p=0.103). There was, however, a marginally
significant association for all Comparisons (p=0.072). The current dioxin means f=r the
Comparisons were 3.4, 3.4, and 3.9 ppt for the brown, hazeYgreen, and grey/biue categories.

The reaction of one’s skin after at least 2 hours of exposure to the sua, after th: first
exposure, was not significantly associated with initial diozin under either assumpiio.
(minimal, p=0.720; maximal, p=0.995). There was also no significant association with current
dioxin for all Ranch Hand participants (p=0.597). For ail Comparisons, however, there was a
marginally significant difference iz the current dioxin means among the skin reaction
categories (p=0.062). The means were 3.5 ppt for Comparisons who reported they
experienced no reaction, 3.5 ppt for those who became red, 3.7 ppt for those who burned, and
5.0 ppt for those who burned painfully.

The reaction of one’s skin, after repeated exposure to the sun, was not significantly
associated with initial dioxin under the minimal assumption (p=0.565). However, under the
maximal assumption, there was a marginally significant association (p=0.094). The initial
dioxin means were 118.2 pg: for those who reported they tanned deep brown, 113.8 ppt for
those who tanned moderately, 149.4 ppt for those who tanned mildly, and 138.1 ppt for those
who freckled with no tan. For all Ranch Hand participants, there was no significant
association betwesn current dioxin and skin reaction to repeated sun exposure (p=0.507).
For all Comparisons, however, the differences in the current dioxin means among the skin
reaction categories (tanned deep brown, tanned moderately, tanned mildly, and freckled with
no tan) were marginally significant (p=0.088). The current dioxin means were 3.4, 3.8, 3.4,
and 5.6 ppt, respectively.

A composite sun-reaction index was formed from the two skin reaction measures and
categorized as follows: high (burns painfully and/or freckles with no tan), medium (burns
and/or tans mildly), and low (all other reactions). The mean initial dioxin levels for these
categories did not differ significantly under both the minimal and the maximal assumptions
(minimal, p=0.764; maximal, p=C . 19). There were also no significant differences in the mean
current dioxin levels for all Ranch Hand participants (p=0.496). However, for all
Comparisons, the current dioxin means differed significantly (p=0.008) with means of 3.5, 3.4,
and 5.1 ppt for the low, medium, and high sun reaction categories.

EXPOSURE TO CARCINOGENS

Infermation was gathered on each participant’s exposure to 21 different carcinogens.
(See Chapter 7 for a discussion of these carcinogens.) These carcinogens were divided into
two setc. The first set consisted of asbestos, icnizisig radiation, industrial chemicals,
herbicides, insecticides, and degreasing chemicals. The other set contained anthracene,
arsenic, benzene, benzidine, chromate, coal tar, creosote, aminodiphenyl, chloromethyl ether,
mustard gas, naphthylamire, cutting oils, trichloroethylene, ultraviolet light, and vinyl
chloride. A composite carcinogen exposure variable was created from the second set. The

response was coded as “yes” if the individual had been exposed to any of the 15
carcinogens.
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The m=an inital dioxin levels did not differ between those Ranch Hands who had been
exposed to jonizing radiation and those who had not been exposed (minimal, p=0.118;
maximal, p=0.626). There was also no significant difference in the current dioxin means for all
Comparisons (p=0.833). However, for all Ranch Hands, there was a marginally significant
difference in the current dioxin means between those who had been exposed to ionizing
radiation and those who had not been exposed (p=0.070; exposed: 12.2 ppt, not exposed:
15.0 ppt).

Under both the minimal and maximal assumpdons, Ranch Hands who had been exposed
to industrial chemicals had a significantly higher mean initial dioxin ievel than those who had
not been exposed (minimal, p=0.003; maximal, p<0.001). Uader the minimal assumption, the
mean initial dioxin levels were 196.8 ppt for those who hid been exposed and 157.8 ppt for
those who had not been exposed. Under the maximal assumption, the means were 138.8 ppt
and 100.0 ppt. Ranch Hand participants who had been exposed to industrial chemicals also
had a higher mean current dioxin level than those who had not Yen exposed (p<0.001;
exposed: 16.6 ppt; not exposed: 12.1 ppt). There was also a significant difference for all
Comparisons (p=0.043), but the exposed category had a lower curreat dioxin level mean than
the nonexposed category (exposed: 3.4 ppt; not exposed: 3.8 ppt).

Under the minimal assumcton. tnere was a marginally significant difference in the mean
initial dioxin levels between Ranch Hands who had been exposed to insecticides and those
who had not been exposed {172.0 ppt versus 200.5 ppt; p=0.074). Under the maximal
assumption, the difference was not sigrificant (p=0.484). For all Ranch Hand participants
and for all Comparisons, the mean current dioxin levels did not differ between the two
insecticide exposure categories (Ranch Hands, p=0.391; Comparisons, p=0.430).

-

Under both assumpticns, the Ranch Hands who reportzd being exposed to degreasing
chemicals had a higl.er me2n inidal dioxin level than those who had not been exposed
(minimal, p=0.001; maxinial, p<0.001). The means, under the minimal assumption, were
196.0 ppt for those who had been exposed and 150.5 ppt for those who had not been exposed.
Under the maximal assumption, the corresponding means were 137.3 ppt and 94.5 ppt,
respectively. The mean current dioxin level was also higher for all Ranch Hand participants
who reported exposure to degreasing chemicals than for those who reported no exposure
(17.1 ppt versus 10.9 ppt; p<0.001). For all Comparisons, the difference was nonsiznificant
(p=0.926).

For the other two carcinogens in the first set (asbestos and herbicides), no significant
differences in the initial dioxin m=ans were found between the exposed category and the
nonexposed category, under both assumptions. There were also no significant differences in
the current dioxin means for all Ranch Hands and all Compansons (see Table 5-1 for the
asscciated significance probabilities).

There was no significant difference, und<r the minimal assumption, between the initizl
dioxin mean for those whe had been exposed 1o benzene and the initial dioxin mean for those
who had not been exposed (p=0.201). However, under the maximal assumption, those who
had been exposed to benzene had a marginally higher inital dioxin mean than those who had
not been exposed (162.6 ppt versus 118.4 ppt; p==0.089). The current dioxin means did not
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differ significantly for all Ranch Hand participants and for all Comparisons (Ranch Hands,
p=0.522; Comparisons, p=0.893).

Ranch Hands who had been exposed to chromate had a marginally higher initial dioxin
mean, under the mirimal assumption, and a significantly higher initial dioxin mean, under the
maximal assumption, than those who had nct been exposed (minimal, p=0.057; maximal,
p=0.034). The means under the minimal assumption were 232.5 ppt for the exposed category
and 176.6 ppt for the nonexposed category. Under the maximsal assurnption, the
corresponding means were 159.2 ppt and 117.5 ppt, respectively. For all Ranch Hand
participants and for all Comiparisoas, the curreat dioxin means did not differ significantly
(Ranch Hands, p=0.160; Comepar-sons, p=0.593).

The mean initial dioxin levals differed significantly between Ranch Hands who had been
exposed to aminodipheny! and those who had not been exposed, under both assumptions
(minimal, p<0.001; maximal, p<0.001). Those who had been exposed had a lower mean than
those who had not been exposed (minimal, 83.2 ppt versus 180.5 ppt; maximal, 83.2 ppt
versus 119.9 ppt). For ail Ranch Hand participants and for all Comparisons, the mean current
dioxin levels did not differ significantly (Ranch Hands, p=0.998; Comparisons, p=0.649).
However, there were only two Ranch Hand paracinants and four Comparisons who had been
exposed to aminodivhenyl. ‘

Under the minimal assumption, there was no significant difference between the inital
azoxin mean for Ranch Hands who had been exposed to chloromethyl ether and the mean for
those who had not been exposed (p=0.648). Under the maximal assumption, the differencs
was marginally significant (p=0.070). The means were 65.4 ppt for those who reported being
exposed to chloromethyl ether and 120.5 ppt for those who reported no exposure. Thers
were, however, only three Ranch Hands in the minimal cohort and eight in the maximal cohont
who had been exposed to chlcromethy! ether. The current dioxin means for the two exposure
categuries did not differ significantly for all Comparisons (p=0.267), but did differ significantly
for all Ranch Hand participants (p=0.015; exposed: 6.0 ppt, not exposed: 14.3 ppt).

Under the maximal assumpticn, the mean initial dioxin level for those Ranch Hands who
had been exposed to nuphthylamine was significantly higher than for those who had not been
exposed (179.5 ppt versus 118.2 ppt; p=0.028). The difference was not significant under the
minimal assumption (p=0.249). For all Ranch Hand participants and for all Compariscns,
there was no significant diiTerence between the naphthylamine exposure categories (Ranch
Hands, p=0.217; Comparisons, p=0.759).

Under both assumptions, there was no significant difference in the initdal dioxin means
for Ranch Hands who wers exposed to curting oils and those who were not (minimal,
p=0.706; maximal, p=0.924). There was also no significant difference in the current dioxin
means for all Ranch Hand participants (p=0.693). For all Comparisons, however, the current
dioxin mean was marginally lower for those who had been exposed to cutting oils than for
those who had not been exposed (3.0 ppt versus 3.7 ppt; p=0.076).

Ranch Hands in the maximal cohort who had been exposed to trichloroethylene had a
marginally higher initial dioxin mean than those who had not been exposed (142.4 ppt versus
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117.3 ppt; p=0.092). The differance was not significant under the minimal assumption
(p=0.170). There was also no significant difference in the current dioxin means {for all Ranch
Hand participants and for all Comparisons (Ranch Hands, p=0.547; Comparisons, p=/).335).

With respect to the remaining carcinogens in the second et (anthracene, arsenic,
benzdine, coal tar, crzosote, mustard zas, ultraviole: light, and viny! chloride), the initdal
dioxin means did not differ significantly between the exposed and nonexposed categories.
Similarly, for all Ranch Hand participants and all Comparisons, the current dioxin means were
not significantly different between the exposed and noncxposed categories. Table 5-1
presents the associated significance probabilities.

For the composiie carcinogen exposure variable, urder the minimal assumption, there
was no significant difference between the inidal cioxin mean of the exposed category and the
initial dioxin mean of the nonexposed categery (p=0.209). Urnder the maximal assumption,
those Ranch Hands who had been exposzd to any of the carcinogens in the second set had a
significandy higher initial dioxin mean than those who had rot been exposed (134.2 ppt
versus 114.7 pot; p=0.045). The mean curent dioxin levei was aiso significandy higher for ail
Ranch Hands who had been exposed, as compared to those who had not been exposed (16.4
ppt versus 13.6 ppt: p=).038). In conwast, for all Companisons. those who had not bean
exposed to any of the carcinogens had a higher current dioxin mean (3.6 ppt) than those who
had been exposed (3.3 ppt), but the difference was not significant (p=0.157).

PERSONAL AND FAMILY HEALTH

The personal health covariates used in this study were cholestercl, high-density
lipoprotein (HDL), cholestercl-HDL ratio, diabetic class, differential cortisol! response, and
percent body fat. Family health was also taken into account by means of family history of
heart disease and family history of heart disease before the age of 50. No participants were
excluded fromn the association analyses for thase variatles.

The correlation between cholesterol and initial dioxia was not significant under cither
assumption (minimal, p=0.217; maximal p=0.215). The differences in the inirial dicxin means
for the three chelesierol categories (£200 mp/dl; >200-230 my/dl: >230 mg/dl) were also
nonsignificant under both assumptions (minimal, p=0.227;, maximal, p=~0.362). For all Ranch
Hand participants and for all Comparisoas, the correlation between current dioxin and
cholesterol was not significant (Ranch Hands, p=0.137; Comparisons, p=0.196). The current
dioxin means also did not differ significandy among the cholesterol categori=s (Ranch Hands,
p=0.175; Comparisons, p=0.139),

Under the minimal assumption, there was a marginally significant negative correlation
between HDL and inirial dioxin (p=0.090). However, the initial dioxin means for the three
HDL categories (<30 mg/dl; >40-50 mgz/dl; >50 mg/dl) did not differ significanty (p=0.400).
Under the maximal assumption, there was a significant negative correlaiion betwesn HDL
and inidal dioxin (p<0.0)1), and the differznces in the ininal dioxin mears amonyg the HDL
categories was also significant (p<0.001; <40 mg/dl: 138.6 ppt; >40-50 mgidl: 1217 ppt;
>50 mng/dl: 99.6 ppt). Thr. corrslation between current dioxin and HDL was sigaificant for all
Ranch Hand paricipants (p<0.001) and for all Comparisons (p=(.005). The mean current
dioxin levels also differed significantly among the HDL catenones for beth groups (Ranch
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Hands, p<0.001; Comparisons, p=0.008). For all Ranch Hand participants, the means were
17.5, 14.5, and 11.6 ppt for the HDL zategories (<40 mg/dl, >40-50 mg/dl, and >50 mg/dl).
For a'! Comparisons, the corresponding means were 3.9, 3.7, and 3.1 ppt, respectvely.

The results for the cholesterol-HDL ratio were similar, but in the opposite direction, to
the HDL results. Under the miniroal assumption, there was a marginally significant positive
correlation between initial dioxin and the cholesterol-HDL ratio (p=0.076), but the initial
dioxin means did not differ significantly among the cholesterol-HDL categories (p=0.104).
Under the maximal assumpzion, there was a significant correlation between initial dioxin and
the cholesterol-HDL ratio (p<0.001) and there was a significant difference in the initial dioxin
means (p<0.001; <4.2: 97.0 ppt; >4.2-5.5: 124.5 ppt; >5.5: 139.3 ppt). For all Ranch Hand
participants and for all Comparisons, there was a significant positive correlation between
current dioxin and the cholesterol-HDL ratio (Ranch Hands, p<0.001; Comparisons,
p=0.002). The current dioxin means for the cholestercl-HDL categories also differed
significantly for both groups (Ranch Hands. p<0.001; Comparisons, p=0.001). For the
‘cholesterol-HDL ratio categories (4.2, >4.2-5.5, and >3.5), the current dioxin means were
11.3, 15.2, and 17.2 ppt for the Ranch Hands and 3.0, 3.9, and 3.9 ppt for the Comparisons.

Under the minimal assumpdon, there was a marginally significant difference in the mean
initial dioxin levels for Ranch Hands classified as normal. impaired, and diabetic (p=0.095).
The mean inidal dioxin levels were 174.4, 176.2, and 221.9 ppt for the normal, impaired. and
diabetic classes. Under the maximal assumption, the mean initial dioxin levels diffsred
significantly among the three diabetic classes (p=0.001; normal: 112.8 ppt; impaired: 123.7
ppt; diabetdc: 169.9 ppt).

For all Ranch Hand participants, 2 significant difference in the mean current dioxin levels
was exhibited among the three diabetic ciasses (p=0.001). The means were 13.5, 14.8, and
21.9 ppt for the normal, impaired, and diabetic classificadons. For all Comparisons, there was
alse a significant difference in the mean cuirent dioxin levels for the three diabzuic classes
(p==0.028). The means were 3.4, 4.0, and 4.5 ppt, respectively.

The correlation between initial dioxin and differential cortisol response was not
significant under either the minimal or maximal assumpdons (minimal, p=0.583; maximal,
p=0.112). However, the differences in the initial dioxin means among the differental cortisol
respense categories (0.6 ug/dl; >0.6-4.0 pg/dl; >4.0 pg/dl) were marginally significant
under the minimal assumpton (p=0.056) ard significant under the maximal assumption
{p=0.007). The initial dioxin means were 191.7, 189.0, and 155.5 ppt under the minimal
assumption and 132.0, 127.5, and 101.4 ppt under the maximal assumption. For all Rarch
Haad pardcipants, there was a significant negative cerrelation between current dioxin and
differential cortisol response (p=0.027) and a significant difference in the current dioxin means
among the differential cortisol response categories (p<0.001; <0.6 pug/dl: 15.7 ppt: >0.6-4.0
pg/dl: 16.4 ppt: >4.0 ug/dl: 11.5 ppt). For all Comparisons. neither the correlation between
current dioxin and differential cortisol response (p=0.152) or the difference in the current
dioxin means among the differential cortisol response categories {p=0.315) was significant.

Percent bedy fat and initial dioxin exhibited a significant positive correlation unz- r both
assumptions (minimal, p=0.001; maximal, p<0.001). There was also a significant posiuve
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cormrelation between percent body fat and current dioxin for all Ranch Hand participants and for
all Comparisons (Ranch Hands, p<0.001; Comparisons, p<0.001).

Under both the minimal and maximal assumptions, Ranch Hands who had been
classified as obese had a significantly higher mean initial dioxin level than those who had
been classified as normal or lean (minimal, p=0.018; maximal, p<0.001). The means, under
the minimal assumption, were 211.4 ppt for the cbese category and 170.4 ppt for the
normal/lean category. Under the maximal assumpdon, the corresponding means ware 161.1
ppt and 110.2 ppt, respectively. Similarly, for current dioxin levels, all Ranch Hands who had
been classified as obese had a higher mean current dioxin level than those who had been
classified as normal or lean (p<0.001; obese: 22.4 ppt; normal/lean: 12.9 ppt). The mean
current dioxin level for all Comparisons who had been classified as obese was also higher
than the mean for all Comparisons who had been classified as normal or lean (p<).001;
obese: 4.4 ppt; ncrmal/lcan: 3.3 ppt).

Under both the minimal and ths maximal assumptions, there was no significant
association between initial dioxin and either family history of heart disease (minimal,
p=0.793: maximal, p=).867) or family history of heart disease before the age of 50 (minimal.
p=0.979; maximal, p=1.515). For all Ranch Hand participants and for ail Compasisons, the
association with current dioxin was also nonsign:ficant for family history of heart disease
(Ranch Hands, p=0.591; Comparisons, p=0.765) and tor famuly history of heart disease before
the age of 50 (Runch Hands, p=0.970; Comparisons, p=0.134).

OTHER CHARACTERISTICS

The relationship with initial and current dioxin was also examined for education, hiood
type, presence of pre-Southeast Asia (SEA) acne, and petsonality type.

Ranch Hands with only a high schoo! education had a significanily higher mean initial
dioxin level than those with a college education, under both assumptions (minimal, p=0.001;
maximal, p<0.001). Under the minimal sssumgption, the means were 198.0 ppt and 153.4 ppt
for the high school and college categories. Under the maximal assumption, the means wers
153.1 ppt and 89.3 ppt, respectively. The meon zurrent dioxin level for al! Ranch Hand
participants with oaly a high school educaricn was significantly greater than the mean for all
Ranch Hand participants with a coliege education (18.2 ppt versus 11.1 ppt; p<0.001). For all
Comparisons, the coilege graduates had a larger currenit dioxin mean than those with only a
high schooi education, but the difference was not significant (p=0.378).

No significant differences in the mean initial dioxin levels were found among the four
blood types (A, B, AB, and O) under cither the minimal or the maximal assumption (minimal,
p=0.973; maximal, p=0.593). For all Ranch Hand participants and for all Comparisens the
differences in the mean current dioxin levels among the four blocd types were also
nonsignificant (Ranch Hands, p=0.773: Comparisons, p=0.469).

Under the minimal and maximal assumpticns, the initial dioxin mean for the Ranch
Hands with acne prior to their first SEA tour was not significantly different from the mean for
those without acr.e before their first SEA tour (minimal, p=0.523; maximal, p=0.309). The
current dioxin means also did not ditfer significantly between the Ranch Hand participants



with pre-SEA acne and those without (p=0.819) nor between the Comparisons with and
without pre-SEA acne (p=0.246).

Under the minimal assumption, the mean initial dioxin levels for individuals classified as
cither type A or type B (by the Jenkins Activity Survey administered at the 1985 followup
examination) were not significanty different (p=0.401). However, under the maximal

assumption, the mean mmal dioxin levels for Ranch Hands classified as type A (112.3 ppt)
and Ranch Hands classified as type B (128.3 Ppt) were marginally different (p=0.061). For
all Ranch Hand participants, the difference in the mean current dioxin levels between type A
and type B individuals was not significant (p=0.148). For all Compansons. there was also no
significant difference in the mean current dioxin levels (p=0.685).

.

SUMMARY

Among the matching variables, age and occupation exhibited a significant association
with dioxin in one direction for Ranch Hands and in the opposite direction for Comparisons.
Age had a negative correlation with initial dioxin for Ranch Hands under the minimal and
maximal assumptions and a negative correlation with current dioxin fer all Ranch Hands;
whereas, for all Comparisons, age and current dioxin were positively correlated. In the
analysis of occupadon, the dioxin means were greatest for Ranch Hands in the enlisted
groundcrew, but for Comparisons, the officers had the greater dioxin means, although all
Comparison means were bzlow generally accepted background levels (10 ppu).

For most of the alcohol variables, a significant association was exhikited with initial
dioxin for the minimal and maximal cchorts, and with current dioxin for all Ranch Hands.
However, for all Comparisons, the association with current dioxin was not significant. For
Ranch Hands, the correlations berween alcohol use and dioxin, when significant, tended to be
negative.

For both smoking variables (current cigarette smoking and lifetime cigarette smoking
history), the current dioxin means differed significantly among the smoking « categories for all
Comparisons. In boti: cases the correlation between smoking and dioxin was negative. In
contrast, for the minimal and maximal cohorts and for all Ranch Hands, the dicxin means did
not differ significantly.

The only sun exposure-related variables that had a significant association with dioxin
were ethnic background and hair color for Ranch Hands and the composite sun reaction index
for Comparisons.

In the analyses of the carcinogen exposure variables—degreasing chemicals, chromate,
and naphthylamine—the exposed category had a higher dioxin mean than the nonexposed
category, when the dioxin means differed significantly. In the analyses of aminodiphenyl and
chloromethy! ether, the noncxposcd category had a higher mean than the exposed category.
Ranch Hands (irciuding those in the minimal and maximal cohorts and ail Ranch Hands) who
had been exposed to industrial chemicals had higher dioxin means than those who had not
been exposed; whereas, Comparisons who had been exposed to industrial chemicals had a
lower dioxin mean than those who had not been expased. For the composite carcinogen




exposure variable, Ranch Hands with an affirmative response had a higher dioxin mean than
those who had not been exposed to any of the 15 specific carcinogens.

Among the personal and family health variables, percent body fat and the cholesterol-
HDL ratio showed a significant positive correlation with dioxin for Ranch Hands and
Comparisons, and HDL showed a significant negative correlation with dioxin. For both
Ranch Hands and Comparisons, diabetic class also exhibited a significant association with
dioxin, in which the dioxin means were greatest for the diabetic category.

Education was the only other variable to be significantly associated with dioxin. This
association, in which college graduates had a lower dioxin mean than high schcol graduates,
was only significant for Ranch Hands.

CONCLUSION

Many of the significant associations between dioxin and the covariates in the Ranch
Hand group can be attributed to an indirect effect of occupatonal rank, which is highly
associated with current serum levels of dioxin. For example, the decreasing relationship
between age and dioxin occurred because enlisted groundcrew, who have the highest curreat
dioxin levels of the Ranch Hands, were aiso the youngest occupational category, while
officers, who have the lowest levels, were the oldest occupational category. Adjust.ng for
occupation, the association between dioxin and age became nonsignificant under both the
minimal (p=0. 138) and maxirnal (p=0. 712) assumptions. By contrast, the reason for the
significant positive association with age in the Companson group is not as apparent, but may
be due to accumulation of normal background levels with time.

Significant associations in the Ranch Hand group between dioxin and education,
industrial chemical exposure, degreasing chemical exposure, and wine consumption can also
be explained by occupational differences (officers were more likely to be college cducated,
less likely to have been exposed to industrial or degreasing chemicals, and more likely 10
drink wine than the enlisted personnel). As with age, these associations (except for lifetime
wine consumption under the minimal assumption) became nonsignificant after adjusting for
occupation.

More difficult to understand are the associations in the Comparison group between
current levels of dioxin with several of the covariates. Most of the Ccmpanson group are
assumed to have background levels (97.8% are less than 10 PRI and there is no obvious
related factor (such as occupation) that could explain the associations. Qf the 5! covariates
(discrete and continuous versions counted as one), 9 were significant at or below the 0.05
level. By chance alone, one would expect about two significant associations. The
interrelatedness of some of the covariates may have inflated the number of significant results
observed. Most of the significant associations were for the health variables (HDL
cholesterol-HDL ratio, diabetes, and percent body fat) that were also associated significantly
with dioxin in the Ranch Hand group.
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CHAPTER 6
GENERAL HEALTH ASSESSMENT

INTRODUCTION

Background

Most of the published reports on the effects of herbicides on human health have been
based on studies of Vietnam veterans and on civilian populations exposed te trichlorophenols
by occupation or as a consequence of industrial accidents. Though potentally lethal effects of
extreme phenoxyherbicide intoxication recently have been reported (1, 2), the long-term
health effects of low-dose exposure remain uncertain.

In laboratory animals, dioxin toxicity is species- and strain-specific and appears to
correlate with the prasence of the “Ah receptor,” a sterecspecific protein receptor found in
the cytosol of selected organs capable of binding aromaric hydrocarbons (3-7). Though the
relevance of these observations to dioxin toxicity in humans remains to be proven,.
epidemiologic studies nonetheless have focused on biologic endpoints that have been defined
in animal models inciuding immunotoxicity, carcinogenicity, gznetc/reproductive outcomes,
hepatotoxicity, and neurotoxicity. Each of these are considered in detail in subsequent
chapters or in other reports from the Air Force Health Study (AFHS).

Prior to the AFHS serum dioxin analysis, the inability to estimate dioxin exposure
accuratzly has led to criticism and caution in the interpretation of all previous studies on the
effects of herbicides on human health. Techniques have been developed that permit the
accurate detection of minute (in parts per trillion) amounts of dioxin in humars, first in
adipose tissue (8, 9, 10), and more receatly, in blood (11, 12). Based on the serum dioxin
level, the current body burden can thus be detertnined and, employing a half-life of 7.1 years
(13), the extent of past exposure can be estimated objectively.

The importance of the serum dioxin assay to this and other epidemiolcgic studies cannot
be ovuremphasized. The Centers for Disease Controi (CDC) study of serum dioxin levels in
Viemn: m veterans established that previously employed indices of exposure based on military
record; were invalid and, secondly, that there was no significant difference betwesn Vietnam
and noa-Yietnam veterans in the current body burden of dioxin when military records were
used as the basis for determining exposure (14). Several preliminary reports on the levels of
serum dioxin in AFHS participanis have been published (15-18). These studies leave no
doubt that, of the close to 3 miliion members of the armed forces who served in Southeast
Asia (SEA), the 1,300 Ranch Hand personnel were among those most highly exposed to
dioxin and that, within this group, the enlisted groundcrew responsible for handling the
herbici je and maintaining the herbicide spray equipment were most exposed.

In addition to the first examination report of the current study (19), the results of
severul investigations have been reported focusing or the incidence of selected cancers in
veterans (20, 21). From these results, the CDC Se!lzcted Cancer Study established a link
between Vietnam experience and an increased risk of non-Hodgkins lymphoma (22) and the
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AFHS found an increased risk of basal cell skin cancer among Ranch Hands. None of the
results established a link between herbicide exposure and malignant disease.

As sumunarized in the comprehensive literature reviews of Clement and Associates (23,
24), two large-scale epidemiologic studies were published in 1988 that are pertinent to the
general health of Vietam veterans (25-28). The largest of these and the most
methodologically sound was the Vietnam Experience Study (VES), which compared the
psychosocial (29), physical (30), and reproductive (31) health of closc to 20,000 veterans,
half of whom served in SEA. Of interest, the Agent Orange component of the VES was
canceled when, based on preliminary serum dioxin data from veterans, it became clear that
previously employed indices of herbicide exposure in ground troops were invalid and that
there was no significant difference between Vietnam and non-Vietnam veterans in the
current body burden of dioxin (14) when military records were used to determine the
likelihood of individual exposure.

The published results of the VES are similar to other studies. Vietnam veterans
perceived themseives to be in worse health than non-Vietmam veterans but data from the
medical examination failed to reveal any significant health detriment apart from combat-
related hearing loss (30). Semen analysis revealed minor differences in the cohorts with no
detectable effect on reproductive outcomes (31).. There was a significantly increased
incidence of psychological disorders in the Vietnam veterans including depression, anxiety
- disorders, drug/alcohol abuse, and combat-related post-traumatic stress disorder (29).
Consistent with a large-scale, all-cause mortality study of Wisconsin veterans (32), there
was no significant difference in overall morality detected between the cohorts (33).

The second study, the American Legion Study (26, 27, 28), attemnpted to compare the
general health and potential effects of herbicide exposure in 6,810 American Legion veterans,
42 percent of whom served in Vietnam. Design limitations in this study are such that few
conciusions can be drawn beyond that, in self-reported questionnaires, Vietnam veterans
perceive themselves to be in worse health than non-Vietnam veterans. Furthermore, given

e evidence cited above (14) that most Vietnam and non-Vietnarn veterans do not differ in
the current body burden of dioxin, the exposure indices employed in this study must now be
considered invalid.

More dstailed summaries of the pertinent scientific literature for the general health
assessment can be found in the report of the previous analyses of the 1987 examination data
(34).

Summary cf Previcus Anal:ses of the 1987 Examination Data

The general health in the Ranch Hand and Comparison groups was assessed by five
measures (self-perception of health, appearance of illness or distress, relative age, percent
body fat, and the erythrocyte sedimentation rate [ESR]). There were no significant group
differences, either unadjusted or adjusted for covariates (age, race, occupation, and, in the
case of self-perception of health and sedimentation rate, personality type), nor any significant
group-by-covariate interactions for self-perception of health, appearance of illness or
distress, relative age, or percent body fat. There was little difference in the geometric mean
values of ESK in the two groups, but the Ranch Hand group had a significantly higher
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percentage of individuals with an abnormal sedimentation rate (>20 mm/hr) than the
Comparisons. However, only three pardcipants (two Ranch Hands and one Comparison)
were found to have rates in excess of 100 mmy/hr. One participant (a Comparison) proved to
have lung cancer and died in early 1989. For neither of the two Ranch Hands was a diagnosis
established during the course of the 1987 examinaticn. Longitudinal analyses revealed a
similar decline in both groups over time in the percentage of individuals reporting their health
as fair or poor. For sedimentation rate, thers was a significant difference between groups in
the change from Baseline to the 1987 followup examination, with a relatively greater number
of Ranch Hands than Comparisons shifting from normal at Baseline to abnormal at the
followup examination. The clinical meaning of this observation is unknown.

Parameters of the General Heaith Assessment

Dependent Variables

The serum dioxin analysis general health assessment was based on data from the 1987
questionnaire, physical examinadon, and laboratory examination data. The variables
analyzed were identical to those in the 1982 and 1985 examinadons.

Questionnaire Data

During the questionnaire health interview, each study partcipant was asked,
“Compared to other people your age, would you say your health is excellent, good, fair, or
poor?’ This self-reported perception was analyzed as a measure of the general health status
of each participant, though susceptibie to varying degrees of conscious and subconscious
bias. This variable was dichotomized as excellent/good and fair/poor for statistical analyses.

No participants were excluded for medical reasons from the analysis of this variable.

Physical Examination Data

Three variables derived from the physxcal examination were analyzed in tbc assessment
of general health. The physician at the examination recorded the appearance of illness or
distress (yes/no) of the study participant. The physician also noted the appearance of the
subject as younger than, older than, or the same as his stated age. To the degree that the
examining physicians were kept blind to the participant’s group membership, these
assessments were less subject to bias than the self-perception of health.

Percent body fat, 2 measure of the relative body mass of an individual and calculated
from height and weight recorded at the physical examination, was also analyzed. Percent
body fat was calculaied from a metric body mass index (35); the formula was

_ _Weight (kg)
Percent Body Fat = [Hexght m)2 X 1.264 - 13.305.

This variable was aralyzcd in both the discrete and continuous forms. For purposes of
discrete analyses, percent body fat was dichotomized as lean/normal (25 percent) and
obese (>25 percent). Lean participants weres analyzed with normal participants due to the

6-3




sparse number of people in this study considered lean (<1%). This variable does not reflect
changes in weight since service in SEA. :

No participants were excluded for medical reasons from the analyses of these three
variables.

Laboratory Examination Data

The ESR (mm/hr), measured at the laboratory examination, was analyzed. Although
nonspecific, a high sedimentation rate is a generally accepted indicator of an ongoing disease
process. This variable was analyzed in both the discrete and continuous forms. The
logarithmic transformation was used to enhance statistical normality for continuous analyses.

No participants were excluded for medical reasons from the analysis of this variable.

.

Covariates

The effects of the covariates age, race, and personality type were examined in the
assessment of general health in adjusted statistical analyses. Age and race were used for
analyses with all dependent variables. Age was used in its continuous form for all adjusted
analyses. Personality type was used in the analysis of self-perception of health and
sedimentation rate only. Personality type was determined from the Jenkins Activity Survey
administered during the 1985 followup examination. This variable was derived from a
disctiminant-function equation based on questions that best discriminate raen judged to be
type A from those judged as type B (36). Positive scores refiect the type A direction ar
negative scores the type B direction. Personality type was dichotomized as type A and type
B for all analyses. Because the Jenkins Activity Survey was not administered at the 1987
followup examination, participants at the 1587 followup examination who had not attended
the 1985 followup examination had missing information for personality type.

Relation to Baseline, 1985, and 1987 Studies

As noted above, the same variables were analyzed for the serum dioxin analysis as for
the Baseline, 1985, and 1987 studies.

For longitudinal analyses, sedimentation rate was analyzed as a discrete variable. The
normal range for sedimentation rate for the Baseline examination was less than or equal to 12
mm/hr; the Scrinps Clinic and Research Foundation (SCRF) normal range for sedimentation
rate for the 197 ° :xamination was less than or equal to 20 mm/hr. Self-perception of health
was also analyzed in the longitudinal analyses.

Statistical Methods

Chapter 4, Statistical Methods, describes the basic statistical analysis methods used in
this chapter.

Table 6-1 summarizes the statistical analyses performed for the general health
assessment. The first part of this table describes the dependent variables, the source of the
data used for the analysis, the form(s) of the data (discrete and/or continuous), and cutpoints.
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TABLE 6-1.
Statistical Analysis for the Gereral Health Assessment

Dependent Variables

Data Data Candidate Statistical
Variable (Units) Source Form Cutpoints Covariates Analyses
Self-Perception Q-SR D Fair/Poor AGE,RACE, UILR
of Health Exccllent/Good PERS A.LR
LLR
Appearance of PE D Yes AGERACE UILR
llness or No A:LR
Distress by
Physician
Relative Age PE D Older AGE,RACE UIR
Same/Younger A:LR
Percent Body Fat PE D/C  Obese: >25%  AGE,RACE UILR,GLM
Lean/Normal: A:LR,GILM
L25%
Sedimentation _ LAB D/C  Abnormal: >20 AGE,RACE, U:LR,GLM
Rate (mm/hr) Normal: £20 PERS A:LR,GLM
L1R
Covariates
Data Data
Variable (Abbreviation) Source Form Cutpoints
Age (AGE) MIL D/C Bom 21942
Born <1942
Race (RACE) MIL D Black
Non-Black
Personality Type (PERS) PE D A Direction
(1985) B Direction
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TABLE 6-1. (Continced)
Statistical Analysis for the General Health Assessment

Abbreviations

Data Source: LAB--1987 SCRF laboratory results
MIL--Air Force military records
PE (1985)-1985 SCPRF physical examination
PE--1987 SCRF physical examination
Q-SR--1987 NCRC questionnaire (self-reported)

Data Form: D--Discrete analysis only
D/C--Discrete and continuous analyses for dependent variables;
appropriate form for analysis (either discrete or continuous)
for covariates

Statistical Analyses: U--Unadjusted analyses
A--Adjusted analyses
L--Longitudinal analysss

Statistical Methods: GLM--General linear models analysis
LR--Logistic regression analysis
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This table also presents candidate covariates examined in adjusted analyses. To conserve
space, abbreviations are used cxtensively in the body of the table and are defined in
footnotes.

The second part of kis table provides a further description of candidate covariates.
Standard abbreviations for these variables, which will be used subsequently in this chapter,
are presented, as well as data source, data form, and cutpoints.

Table 6-2 provides a list of the number of participants with missing data for the
dependent variables and covariates described in Table 6-1.

Appendix E contains graphic displays of individual dependent variables versus initial
dioxin for the minimal and maximal Ranch Hand cohorts, and individual dependent variables
versus current dioxin for Ranch Hands and Comparisons. Appendix E also presents graphics
for dioxin-by-covariate interactions determined by various statistical models. A guide to
assist in interpreting the graphics is found in Chapter 4.

Three statistcal analysis approaches were used to examine the association between a
health status dependent variable and serum dioxin leveis. One model related a dependent
variable to each Ranch Hand’s inital dioxin value (extrapolated from current dioxin values
using a first-order pharmacokinedc model). A second model related a dependent variable to
each Ranch Hand’s current serum dioxin value and each Ranch Hand’s time since tour. The
phrase “time since tour” is often referred to as “time” in discussions of these results. Both
of these models were implemented uader the minimal and maximal assumpdons (i.e., ~anch
Hands with current dioxin above 10 ppt and above 5 ppt, respecively). The third model
compared the dependent variable for Ranch Hands having current dioxin values categorized
as unknown, low, and high with Comparisons having background levels. The contrast of the
entire Ranch Hand group with the complere Corrparison group can be found in the prevous
report of analyses of the 1987 exuminaiion (34). All three models were implemented with
and without covariate adjustment. Chapter 4 provides a more detailed discussion of the
models.

RESULTS

Exposure Analysis

Duestionnaire Variakie
Self-Percueption of Health

Model 1: Ranch Hands - Log, (Initial Dioxin)

An unadjusted analysis rzvealed no significant association between seif-percepticn of
health and initial dicxin under the minimal assumption (Table €-3 [3): £=0.471). Under the
maximal assumption, the sstimated relative risk was of borderline significance (Table 6-3
[b]: p=0.058, Est. RR=1.23). Under the maximal assumption, the associated relative
frequencies for a fair or poor self-perception of health at low, medium, and high inidal ¢ioxin
levels were 4.9, 5.9, and 7.0 percent.
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TABLE 6-2.

Number of Participants With Missing Data for the
General Health Assessment

, . . ized Cu Dioxi

Variable (Ranch Hands Only) Ranch

Variable Use Minimal Maximal Hand Comparison
Self-Perception

of Health DEP 0 0 0 1
Appearance of Iliness

or Distress by :

Physician DEP 0 0 0 1
Personality Type

(1985) cov 15 25 27 35

DEP--Dependent variable (missing data),
COV-~Covariate (missing data).
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TABLE 6-3.
Analysis of Self-Perception of Health

Ranch Hands - Logj (Initial Dioxin) - Unadjusted

Inidal Percent Est. Relative
Assumption Dioxin n Fair/Poor Risk (95% C1)@  p-Value
a) Minimal Low 130 5.4 1.10 (0.85,1.44) 0.471
(n=521) Medium 260 7.7
High 131 7.6
b) Maximal Low 185 49 1.23 (1.00,1.50) 0.058
(n=742) Medium 371 59
High 186 7.0

Ranch Hands - Logy tInitisl Dioxin) - Adjusted

Adj. Relative ‘ Covariate
Assumption Risk (95% C.1.)2 p-Value Remarks
¢) Mininal 1.14 (0.87,1.49)*¢ 0.360** -  INIT*AGE (p=0.045)
(n=521)
d) Mo>ximal 1.23 (1.00,1.52)** 0.056** INIT*PERS (p=0.046)
(n=717)

*Rel tive risk for a twofold increase in dioxin.
**L g7 (initial dioxin)-hy-covarian interaction (0.01<p0.05); sdjusted relative risk, confidence interval, and p-value
drrived from a model fitted after deletion of this interscuon,
Nere: Minimal--Low: 52.93 ppt; Medium: >93.292 ppt; High: >292 pmt.
Maximal--low: 25-55.9 ppx: Medium: >%56.9.218 ppt; High: »218 ppt.
INIT: Logj (initial aioxin}.
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TABLE 6-3. (Continued)
Analysis of Self-Perception of Health

Ranch Hands - Logj (Current Dioxin) and Time - Unadjusted

Percent Fair or Poor/(n)

e—Current Dioxin
Time Est. Relative
Assutaption  (Yrs.) Low  Medium  High Risk (95% C.1.)a p-Value
¢) Minimal 0.056b
/-=521) <l18.6 6.9 55 3.7 0.64 (0.34,1.20) 0.166¢
(72) (128) (54)
>18.6 5.2 8.3 11.7 1.22 (0.89,1.67) 0.213¢
(58) (132) a7
f) Maximal 0.314b
(n=742) <l18.6 1.9 6.3 36 1.00 (0.68,1.48) 0.996¢
(106) (191 ¢X)) A
>18.6 33 7.8 9.6 1.27 (0.95,1.63) 0.065¢

79 (179) (104)

Ranch Hands - Logj (Current Dioxin) and Time - Adjusted

Time Adj. Relative Covariate
Assumption (Yrs.) Risk i?5% C.1.)2 p-Value Remarks
g) Minimal e CURR*TIME*PERS (p=0.007)
(n=506) <18.6 R POy
>18.6 L2 LT ] P L 1]
h) Maximal ke CURR*TIME*PERS (p=0.005)
(n=717) <18.6 i by
>18'6 P2 E D] L2 E D

3Relative risk for a twofold increase in dioxin.
DTest of significance for homogeneity of refative risks (current dioxin continunus, time categorized).
“Test of significance for relative risk equel to 1 (current dioxin continuous, time categorized),
****Log, (curremt dicxin)-by-time-by-covariste interaction (p50.01); adjusted relative risk, confidence interval, and
p-vaiue not presented.
Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 pp: High: >45.75 ppt.
Mazimnal--Low: >5-2.01 ppti Medium: >9.01.33.3 ppy; High: >33.3 ppt.
CURR: Logy (current diexmn).
TIME: Time since wur.
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TABLE 6-3. (Continued)

Analysis of Self-Perception of Health

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Percent Est. Relative

Category n Fair/Poor Contrast Risk (95% C.L) p-Value

Background 785 5.0 All Categories 0253
ki Unknown 34s 3.8 Unknown vs. Background 0.75 (0.39,1.42) 03717

Low 196 7.1 Low vs, Background 1.47 (0.782.77) 0.231

High 187 7.0 High vs. Background 1.43 (0.752.73) 0.281

Total 1,513

j) Ranch Hands and Comparisons by Currant Dioxin Category - Adjusted

Current

Dioxin Adj. Relative Covariate

Category n Contrast Risk (95% C.1) p-Value Remarks

Background 750 All Categories 0270 AGE®*PERS (p=0.041)

" Unknown 328  Unknownvs. Background 0.73 (0.37.1.42)  0.350

Low 192 Low vs. Background 1.46 (0.77,2.75) 0.244

High 181 High vs. Background 1.40 (0.72.2.71) 0.323

Total 1,451

Note: Background (Comparisons): Curren: Dioxin 510 ppt.
Unknown (Ranch Hands): Current Dioxin 10 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin €33.3 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppu




Based on the minimal assumption, there was a significant interaction between initial
dioxin and age (Table 6-3 [¢]: p=0.045) for the adjusted analysis. To investigate this
interacdon, the association between self-perception of health and initial dioxin was examined
separately for Ranch Hands bomn in or after 1942, and for Ranch Hands born before 1942. For
the younger Ranch Hands, there was a significant positive association between self-
perception of hzaith and inidal dioxin (Table E-1: p=0.049, Adj. RR=1.49). For the clder
Ranch Hands, a nonsignificant negative association was found between self-perception of
health and initial dioxin (p=C.522). Without the interaction of initial dioxin and age in the
model, the association was nonsignificant (p=0.360).

Under the maximal assumption, there was a significant interaction between inital dioxin
and personality type (Table 6-3 [d]): p=0.046) for the adjusted analysis. To examine this
interaction, the association was investigated for each personality type. For Ranch Hands
classified as type A, there was a significant positive association between self-perception of
health and initial dioxin (Table E-1: p=0.005, Adj. RR=1.57). For the type B Ranch Hands,
a nonsignificant positive association was found (p=0.912). Without the interaction of initial
dioxin and personality type in the model, the adjusted reladve risk was of borderline
significance (Table 6-3 [d]: p=0.056, Est. RR=1.23).

Model 2: Ranch Hands - Log; (Current Dioxin) ard Time

In the unadjusted analysis of the association between self-perception of health with
current dioxin and time since tour, based on the minimai assumption, there was a marginally
significant current dioxin-by-time interaction (Table 6-3 [e]: p=0.056); thus, the
relationships between self-perception of health and current dioxin differed ,narginally
between time strata (i.c., the estimated relative risks between strata were marginally
different). Neither of the associations was significant within time strata (£18.6 years,
p=0.166; >18.6 years, p=0.213).

Under the maximal assumption, the current dioxin-by-time interaction was not
significant for the unadjusted analysis (Table 6-3 [f}: p=0.314). However, for Ranch Hands
whose time exceedled 18.6 years, the relative frequencies of Ranch Hands with a fair or poor
sclf-perception of health increased marginally with current dioxin (p=0.065, Est. RR=1.27).
For the low, medium, and high current dioxin categeries, the relative frequencies were 3.8,
7.8, and 9.6 percent.

In the adjusted analysis, there was a significant interaction among current dioxin, time,
and personality type under both the minimal and the maximal assumptions (Table 6-3 [g] and
(h]: p=0.007 and p=0.005). To investigate these interactions, associations between self-
perception and current dioxin are prescnted separately for each time and personality-type
stratum. Under the minimal assumption, Ranch Hands with personality type A had a
significant current dioxin-by-time interaction (Appendix Table E-1: p=0.036). There was a
significant positive association between self-perception of health and current dioxin for Ranch
Hands with personality type A and time greater than 18.6 years (Appendix Table E-1:
p=0.014, Adj. RR=1.83). For Ranch Hands with personality type A and time of 18.6 years or
less, there was a nonsignificant negative association (p=0.106). The interaction of current
dioxin and time was nct significant (p=0.747) for Ranch Hands classified as type B. Under
the maximal assumption, Ranch Hands with personality type A also exhibited a significant
interaction for current dioxin and ime (Appendix Table E-1: p=0.014). There also was a
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significant positive association with current dioxin for Ranch Hands with personality type A
and time greater than 18.6 years (Appendix Table E-1: p=0.001, Adj. RR=2.11). For Ranch
Hands with personality type A and time of 18.6 years or less, there was a nonsignificant
negative associatdon (p=0.360). The interaction with current dioxin and time was not
significant (p=0.270) for type B Ranch Hands.

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In both the unadjusted and the adjusted analyses of the frequencies of Ranch Hands
with unknown, low, and high current dioxin and Comparisons with background current dioxin
reporting a fair or poor self-percepticn of health, the contrasts of the four current dioxin
categories were not significant (Table 6-3 [i] and [j): p=0.253 and p=0.270, respectively).

Physical Examination Variadles

Appearance of Illness or Distress by Physician

Model 1: Ranch Hands - Log; (Iaitial Dioxin)

g In the unadjusted analysis of the physician’s assessment as to whether the study
participant displayed illness or distess at the physical examinadon, there were
nonsignificant associations with inital dioxin for both the minimal and the maximal

assumpuions (Table 6-4 [a] and [bj: p=0.478 and p=0.195). Because none of the candidate

= covariates was refained in the adjusted models under either the minimal or the maximal
assumptions, adjusted relative risks and associated p-values were identical to those
presented for the unadjusted analysis.

Model 2: Ranck Hands - Log, (Current Dioxin) and Time

Under both the minimal and maximal assumptions, the unadjusted analysis of the
association between appearance of illness or dismess with current dioxin and time since tour
contained no significant current dioxin-by-time interaction (Tabie 6-4 [e] and [f]: p=0.203
and p=0.396, respectively). Similar to the adjusted analyses for inidal diexin, none of the
candidate covariates was retained in the adjusted models under either the minimal or the
maximal assumption; thus, the adjusted results (Table 6-4 [g] and [h]) were identical to the
% unadjusted results.

. Model 3: Ranch Hand; and Comparisons by Current Dioxin Cazegory

% In the unadjusted analysis of the frequencies of Ranch Hands with unknown, low, and
high current dioxin and Comparisons with background current diexin displaying the
appearance of illness or distress at the physical examinatioa, the contrast of the four current
dioxin categories was not significant (Table 6-4 [i]: p=0.407).

The adjusied analysis of appearance of illness or distress, based on the four dioxin
categories, contained a significant interaction between categorized current dioxin and age
(Table 6-4 [ji: p=0.034). To investigate the interaction, separate adjusted analyses were
4, performed for Ranch Hands and Comparisons born in or after 1942 and those bern prior to
g 1942 (Appendix Table E-1). For younger participants, no Ranch Hands and only one
Comparison were judged to have had an appearance of illness or distress. For older
pardcipants, the overall contrast was not significant (p=0.236). An adjusted model without
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TABLE 6-4.

Analysis of Appearance of Illness or Distress by Physician

Ranch Hands - Logy (Initial Dioxin) - Unadjusted

Initial Percent Est. Relative
Assumption Dioxin n Yes Risk (95% C.L.)2 p-Value

a) Minimal Low 130 0.8 1.36 (0.60,3.09) 0.478
(n=521) Medium 260 0.0
_ High 131 1.5

b) Maximal Low 185 0.0 1.61 (0.81,3.21) 0.195
(n=742) Medium 371 0.3
Co- High 186 1.1

Ranch Hands - Logs (Initial Dioxin) - Adjusted

Adj. Relative Covariate
Assumption Risk (95% C.1.)2 p-VYalue Remarks
¢) Minimal 1.36 (0.60,3.09) 0.478 --
(n=521)
d) Maximal 1.61 (0.81,3.21) 0.195 --
(n=742)

2Relative risk for a twofold increase n dioxin.
Note: Minimal—-Low: 52-93 ppt: Medium: >93-292 ppt; High: >292 ppt.
Maximal-Low: 25-56.9 ppt; Medium: >55.9-218 ppe; High: >218 ppe.
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TABLE 6-4. (Continued)

Analysis of Appearance of Iliness or Distress by Physician

Ranch Hands - Logj (Current Dioxin) and Time - Unadjusted

Percent Ygs/(_n)

, ——CumrentDioxin
Time Est. Relative
Assumption (Yrs.) Low  Medium High Risk (95% C.1.)2 p-Value
¢) Minimal 0.203b
(n=521) <18.6 0.0 0.8 0.0 0.28 (0.01,10.02) 0.488¢
(72) (128) (54)
>18.6 0.0 0.0 2.6 1.71 (0.68,4.30) 0.253¢

(58) (132) an

f) Maximal 0.3969

(n=742) <18.6 0.0 0.5 0.0 0.88 (0.16,4.80) 0.880¢
(106)  (191)  (83)

>18.6 0.0 0.0 1.9 1.88 (0.82,4.30) 0.138¢

(79) (179) (104)

Ranch Hands - Logy (Current Dioxin) and Time - Adjusted

Time Adj. Relatve Covariate
Assumption (Yrs.) Risk (95% C.1.)3 p-Value Remarks
g) Minimal - 0.203b - -
(n=521) <18.6 0.28 (0.01,10.02) 0.488¢
>18.6 1.71 (0.68,4.30) 0.253¢
h) Maximal 0.396b .-
{(n=742) <18.6 0.88 (0.16,4.80) 0.880¢
>18.6 1.88 (0.82,4.30) 0.138¢

SRelative risk for a twofold increase in dioxin.

bTest of significance for homogeneity of relative risks (current dioxin continuovs, time categorized).

®Test of significance for relative risk equal to 1 (current dioxin continuous, tme categorized).

Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt.
Mazimal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
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TABLE 6-4. (Continued)
Analysis of Appearance of Illness or Distress by Physician

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Percent Est. Relative

Category n Yes Contrast Risk (95% C.I.) p-Value
Background 785 0.5 All Categories 0.407
Unknown 45 0.6 Unknown v3. Background 1.14 (0.21,6.25) 0.381
Low 196 0.0 Low vs. Background S ee -
High 187 1.1 High vs. Background 2.11 (0.38,11.61) 0.390
Total 1,513

J) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Relative Covariate
Category n Contrast Risk (95% C.l.)  p-Value Remarks
Background 785 All Categories 0.300** DXCAT*AGE (p=0.034)
Unknown 345 Unknown vs. Background 1.12 (0.20,6.18)**  0.894** *

Low 196 Low vs, Background -- --

High 187 High vs. Background 3.12 (0.54,18.12)** 0.204**

Total 1,513

**Categorized current dioxin-by-covariate interaction (0.01<p<0.05); adjusted relative risk, confidence interval, and p-
value derived from a mode! fitted after deletion of this interaction.
—: Relative risk, confidence interval, and p-value not given due to the sparse number of sbrormalities.
Notes: Background (Comparisons): Current Dioxin g10 ppt.
Unknown (Ranch Hands): Current Dioxin <10 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin 5333 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt. ‘
DXCAT: Categorized current dioxin.
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the interaction of categorized current dioxin and age also exhibited a nonsignificant overall
contrast (Table 6-4 [j]: p=0.30Q).

Rclative Age

Model 1: Ranch Hands - Log, (Initial Dioxin)

In the unadjusted analysis of the physician’s assessruent of whether the study
participant appeared older versus younger or the same than his stated age, there was no
significant association with initial cioxin under cither the minimal or maximal assumption
(Table 6-5 [a] and [b]: p=0.517 and p=0.512).

Under both the minimal and maximal assumptions, the association between relative age
and initial dioxin also was not significant when adjusted for covariate information (Table 6-5
[c] and [d): p=0.660 and p=0.657, respectively).

Model 2: Ranch Hands - Log, (Current Dioxin) and Time

In the unadjusted analysis of relative age with current dioxin and time since tour under
the minimal assumption, the interacdon between current dioxin and dme was significant
(Table 6-5 [e]: p=0.039); thus, the relationships between relative age and curreat dioxin
differed between time strata (i.e., the estimated relative risks between time strata differed
significantly). A significant positive association was found for those Ranch Hands with time
of 18.6 years or less (p=0.027, Est. RR=1.73). The relative frequency of individuals that
appeared older than their stated age increased as current dioxin increased (low, 2.8%;
medium, 4.7%; high, 7.4%). For Ranch Hands with time greater than 18.6 years, there vas a
negative association between relative age and current dioxin that was not significant
(p=0.526).

Under the maximal assumption, ".e unadjusted analysis als. exhibited a significant
interaction between current dioxin arJd time (Table 6-5 [f]: p=0.024). For Ranch Hands with
time of 18.6 years or less, a signi“cant positive association was displayed between relative
age and current dioxin (p=0.0Z8, &st. RR=1.50). For those individuals having times at or
below 18.6 years, the relatve equency of Ranch Hands that appeared older to the physician
was about the same for the low and medium current dioxin levels (2.8% and 2.6%). However,
the frequency for those Ranch Hands at the high current dioxin level was considerably greater
(9.6%). For Ranch Hands with times greater than 18.6 years, there was a nonsignificant
negative association (p=().249).

In the adjusted analysis performmed under the minimal assumpticn, none of the candidate
covariates was retained in the model; thus, the relatve risks and associated p-values for the
adjusted analysis (Table 6-5 (g]) were identical to the unadjusted results (Table 6-5 [e]).

Under the maximal assumption, the interaction between curren: dicxin and time was
significant (Table 6-5 [h]: p=0.026); thus, the adjusted relative ricks differed significantly
between time strata. For Ranch Hands with time of 18.6 years or less, there was a
marginally sig.ificant positdve association between relative age and current dioxin (p=0.066,
Adj. RR=1.42). For the other time stratum, the negative association was not significant
(p=0.238).

6-17




v . ’ . ’ \
\ ] - — 1 t
TABLE 6-5.
Analysis of Relative Age
Ranch Hands - Logs (Initial Dioxin) - Unadjusted
Initial Percent Est. Relative v
Assumption Dioxin n QOlder Risk (95% C.1)a  p-Value
a) Minimal Low 130 31 1.11 (0.81,1.53) 0.517
(n=521) Medium 260 - 54
High 131 53
b) Maximal Low 185 3.8 1.08 (0.86,1.37) 0.512
(n=742) Medium 371 54
High 186 4.8
Ranch Hands - Logs (Initial Dioxin) - Adjusted
Adj. Relative Covariate
Assumption Risk (95% C.L)2 p-Value Remarks
¢) Minimal 1.08 (0.77,1.51) 0.660 _ AGE*RACE (p=0.048)
(n=521)
d) Maximal 1.05 (0.82,1.34) 0.697 AGE*RACE (p=0.036)
(n=742)

3Relative risk for a twofold increase in dioxin.
Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
Maximal-Low: 25-56.9 ppt; Medium: >56.9-218 pot; High: 218 ppt.
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TABLE 4-5. (Continued)

Analysis of Relative Age

Ranch Fands - Logs (Current Dioxin) and Time - Unadjusted

Percent Olc:lcr{(n)

——Current Dioxin
Time Est. Relative
Assumption (¥rs.) Low  Medium  High Risk (95% C.1.)2 p-Value
e) Minimal 0.039b
(n=521) <18.6 2.8 4.7 7.4 1.73 (1.06,2.81) 0.027¢
(72) (128) (54)
>18.6 52 53 39 0.86 (0.53,1.38) 0.526¢
(58) (132) an .
f) Maximal 0.024b
(n=742) <18.6 2.8 2.6 5.6 1.50 (1.04,2.15) 0.028¢
(106) (191) 83)
>18.6 5.1 6.7 3.8 0.85 (0.60,1.20) 0.346¢

(79) (179) (104)

Ranch Hands - Logj (Current Dioxin) and Time - Adjusted

Time Adj. Relative Covariate
Assumption (Yrs.) Risk (95% C.1.)3 p-Value Remarks
g) Minimal 0.039b .-
(n=521) <18.6 1.73 (1.06,2.81) 0.027¢
>13.6 0.86 (0.53,1.38) 0.526
h) Maximal 0.026Y AGE*RACE (p=0.035)
(n=742) 518.6 1.42 (0.98,2.05) 0.066¢
>18.6 0.81 (0.56,1.15) 0.238¢

2Relative risk for & twofold increase in dioxin.

DTest of significance for homogeneity of relative risks (current dinxin continuous, time categorized).

®Test of significance for relative risk equal to 1 (current diozin continuous, time cetegorized).

Note: Minimal-Low: >10-14.65 ppt; Medium: >14.6545.75 ppt; High: >45.75 ppt.
Mazimal-Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppe.
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TABLE 6-5. (Continued)

Analysis of Relative Age

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Percent Est. Relative

Category n Older Contrast Risk (95% C.1) p-Value
Backgrowd 786 5.0 All Categories 0.638
Unknown s 52 Unknown vs. Background 1.05 (0.59,1.87) 0.856
Low 196 3.6 Low vs. Background 0.71 (0.31,1.61) 0.412
High 187 6.4 High vs. Background 1.31 (0.67,2.56) 0.424
Total 1,514

J) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Relative Covariate
‘Category n Contrast Risk (95% C.L.) p-Value Remarks
" Background 786 All Categories . 0.638 .-

Unknown 345  Unknown vs. Background 1.05 (0.59,1.07) 0.856

Low 196 Low vs. Background - 0.71 (0.31,1.61) 0412

High 187 High vs. Background 1.31 (0.67,2.56) 0.424

Total 1,514

Note: Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dicxzin 510 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin £33.3 ppt.
High (Ranch Hands): Cu’rent Dioxia >333 ppt
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Model 3: Rancl Hands and Comparisons by Current Dioxin Cazegory

In the unadjusted analysis of the frequeacices of Ranch Hands in the unknown, low, and
high current dioxin categories and Comparisons ia the background current dioxin category
appearing older than their stated age, the contrase of the four current dioxin categories was
nonsignificant (Table 6-5 [i]: p=0.638). For the adjusted analysis, none of the covariates
was retained in the model; therefore, the adjusted and unadjusted analysis results were the
same.

Percent Body Fat (Continuous)

Model 1: Ranch Hands - Log, (Tnitial Disxin)

Percent bod~ fat displayed a significant positive association with initial dioxin under
both the unadjusted minimal and the unadjusted maximal assumptions (Table 6-6 [a] and
{b}: p=0.001 and p-0.001). The unadjusted means for the miniral analysis within the
defined low, medium. and high initial dioxin levels were 22.34, 22.15, and 24.01 percent.
Under the maximal assumpton, the corresponding means were 20.72, 22.13, and 23.40
percent.

The adjusted analysis also displayzd a significant 2sscciation between percent ondy fat
and inidal dioxin (Table 6-6 [c] and [d]: p=0.001 and p<0.C01). The adjusted means for the
low, medium, and high initial dioxin levels were 22.383, 22.07, and 24.05 percent under the
minimal assumption, and 20.70, 22.07, and 23.55 percent under the maximal assumption.

Model 2: Ranch Hands - Log, (Current Dioxin) and Tiine

In the unadjusted analysis based on current dioxin and time since tour, neither the
minimal nor the maximal analysis had a significant current dioxin-by-time interacton (Table
6-6 [e] and [f]: p=0.817 and p=0.438, respectively); thus, the positive relationships between
percent body fat and current dioxin between the time strata were not statistically different
(i.e., the estimated slopes of the two time strata did not differ significantly).

Under the minimal assumption, a marginally significant positive association between
percent body fat and current dioxin was found for time of 18.6 years or less (p=0.086) and a
significant positive association (Table 6-6 [¢]: p=(.014) was found between percent body fat
and current dic:in for time greater than 13.6 years. However, the interaction of current dioxin
and time was not significant (p=0.817). Within the time of 18.6 years or iess stratum, the
percent body fat means for low, medium. and high current dioxin were 2221, 22.12, and 23.64
percent. For the time greater than 1§.6 vears stratum, the inzans also increased with current
dioxin (low, 22.11 percent; medium, 22.43 percent; and high, 24.12 percent).

Under the maximal assumption, each time stratum dispiayed 2 significant positive
associadon between percent body fat and current dioxin (Table 6-6 [f]: <18.6 years:
p<0.001; >18.6 years: p<0.001). For time of 18.6 years or less, the percent body fat means
increased with curren: dioxin (Iow, 20.19 percent; medium, 22.03 percent; and high, 23.11
percent). For time greater than 13.6 years, the percent body fat m=ans also increased with
current dio<in (low, 21.39 percent; medium, 22.09 percent; and high, 23.90 percent). Similar ro
the minima’ analysis, the interaction of current dioxin and time was not significant (p=0.433).
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TABLE 6-6.

Analysis of Percent Body Fat
(Continsious)

Ranch Hands - Log (Initial Dioxin) - Unadjusted

Initial Slope
Assumption Dioxin n Mean (Std. Error) p-Value

a) Minimal Low 130 2.34 0.627 (0.195) 0.001
(n=521) Medium 260 22.15
(R2=0.019) High 131 24.01

b) Maximal Low 185 2072 . 0.792(0.136)  <0.001 —
(n=742) Medium 371 22.13
(R2=0.044) High 186 23.40 E

Ranch Hands - Logs (Initial Dioxin) - Adjusted

Initial Adj.  Adj. Slope Covariate
Assumption Dioxin n Mean (Sid. Error) p-Value Remarks

¢) Minimal  Low 130 2238 0.648 (0.202) 0.001 AGE*RACE
(n=521)  Medium 260  22.07 (p=0.024)
(R2=0.037) High 131 2405

d) Maximal Low 185 2070 0.859 (0.138) <0.001 AGE (p=0.016)
(n=742) Medium 371 22.07

(R2=0.051) High 186  23.55

Note: Minimal--Low: 352-93 ppt; Medium: >93.292 ppts High: 292 pmt.
Maximal-Low: 25.36.9 ppt, Medium: >56.9-218 ppy; High: >218 ppt.




TABLE 6-6. (Continued)

Analysis of Percent Body Fat
: (Continuous)

Ranch Hands - Logy (Current Dioxin) and Time - Unadjusted

Mean/(n)
Current Dioxin
Time Slope

Assumption (Yrs.) Low Medium High {Std. Error) p-Value
¢) Minimal 08172
(n=521) <186 2221 2.12 23.64 0.549 (0.319) 0.086®

(R2=0.018) (7 (128) (54)
>18.6 22.11 22.43 24.12 0.644 (0.261) 0.014d

(58) (132) an
f) Maximal 0.4383
(n=742) <136 20.19 22.03 23.11 0.893 (0.211) <0.0010

(R2=0.045) (106) 4L1)) (83)
>18.6 21.39 22.09 23.90 0.674 (0.187) <0.001®

9 (179) (104)

Ranch Hands - Logy (Current Dioxin) and Time - Adjusted

Adj. Mean/(n)
Time Adj. Slope Covariate
Assumption (Yrs.) Low  Medium High (Std. Eror) p-Value Remarks
g) Minimal 0.7752 AGE*RACE (p=0.024)
(n=521) <186 219 2217 2373 0.596 (0.330)  0.07Td
(R2=0.037) (72)  (128)  (54)

>18.6 2203 2225 24.11 0.7i3 (0.268)  0.008d
(58) (132) (77)

h) Maximal 04312 AGE (p=0.011)
(n=742)  <'86 20.19 2205 23.39 0.999 (0.214)  <0.001P
(R2x0.053) (106)  (191) (83

>18.6 2120 2155 2402 0.777 (0.150)  «0.001®
(79 (17%)  (109)

¥est of significance for humogeneity of slopes (current dioxin continuovs, lime categnrized),

DTest of significance for viape equal o O (curreat fozin cortinuous, tme caiegorized),

Note: Minimal--Low' >19-14.65 ppt; Medium: »14.55 4575 pp High: >45.75 ppt.
Maximel--low: >5.9.01 pptt Medium:  x9.01.33.3 ppec Hight 5333 pe
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TABLE 6-6. (Continued)

Analysis of Percent Body Fat
(Continuous)

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current
Dioxin Difference of
Caiegory n Mean Contrast Means (95% C.1.) p-Value
Background 786 2191 All Categories <0.001
Unknown 345 20.03 Unknown vs. Background -1.88 (-2.51,-1.24) <0.001
Low 196 22.15 Low vs. Background 024 (-0.54,1.02) 0.549
High 187 23.55 High vs. Background 1.64 (0.84,2.44) <0.001
Total 1,514 (R2=0.042)

J) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted
Curreat
Dioxin Adj. Difference of Adj. Covariate
Category n Mean Contrast Means (95% C.1.) p-Value Remarks
Background 786 2150  All Categories - <0.001 AGE (p=0.145)
Unknown 45 20.01 Unknown vs. Backgreund -1.89 (-2.53,-1.26)<0.001
Low 196 22.15  Low vs. Background 0.24 (-0.54,1.03) 0.541
High 187 23.63  High vs, Background 1.73 (0.92,2.54) <0.001
Total 1,514 (R2=0.044)

Note: Background (Comparisons): Current Dioxin <10 ppt
Unknown (Ranch Hands): Current Dioxin 10 ppt.
Low (Ranch Hands): 135 ppt < Current Dioxin 5333 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.
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In the adjusted analysis of percent body fat using current dioxin and time, neither the
minimal nor maximal cohort exhibited a significant current dioxin-by-time interaction (Table
6-6 [g] and [h]: p=0.775 aad p=0.431, respectively); therefore, the positive associations
between percent body fat and current dioxin of each time stratum were not significantly
different from one another. Under the minimal assumption, percent body fat for Ranch Hands
with 18.5 years or less sincs tour exhibited a marginally significant positive association
(p=0.071). For those Ranch Hands with time greater than 18.6 years, percent body fat
displayed a significant posidve association (p=0.008). Under the maximal assumption of the
adjusted analysis, each time stratum displayed a significant positive association (p<0.001 for
both time strata).

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of percent body fat, the contrast of the four current dioxin
categories was significant (Table 6-6 [i]: p<0.001). The unadjusted percent body fai means
for the background, unkniown, low, and high current dioxin categories were 21.91, 20.03, 22.15,
and 23.55 percent. The contrasts of unknown versus background current dioxin category and
high versus background current dioxin category were also significant (for both conwmasts,
p<0.001). Relative to the background mean for Comparisons, Ranch Hands in the unknown
current dioxin category had a iower mean percent body fat and Ranch Hands in the high
current dioxin category had a higher mean percent body fat. An adjusted model containing the
covariate age preduced similar results.

Percent Body Fat (Discrete)

A small number of participaits, two Ranch Hands and three Cormparisens, were
classified as lean (<10 percent body fat). The current serum dioxin levels for the Ranch
Hands were 1.33 ppt and 18.10 ppt. and the current dioxin levels fer the Comparisons ranged
from 0.00 ppt to 2.45 ppt. Due to the sparse number of lean participants, statistical analyses
were performed with the lean and normal participants combined.

Model 1: Ranch Hands - Log, (Initial Dioxin)

Unadjusted and adjusted analyses of percent body fat as a discrete variable (obese
versus lean/normal) indiccted that there was a significant positive association with initial
dioxin.

Under the minimal assumption, the estimared relative risk in the unadjusted analysis
was 1.23 (Table 6-7 [a]: p=0.012) and the corresponding relative frequencies of obese Ranch
Hands within the low, medium, and high iritial dioxin categories were 20.8, 23.8, and 32.8
percent. Under the maximal assumgticn, the estimated relative risk was 1.32 (Table 6-7 {b]:
p<0.001) swvith increasing percentages of obese Ranch Hands for the low, medium, and high
initial dioxin categories (12.4%, 23.2%, and 29.0%).

Incorporating covariate information into the models. the adjusted relative risk was 1.25

(Table 6-7 [c]: p=0.010) and 1.37 (Table 6-7 {d): p<0.001) under the minimal and maximal
assumptions.
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TABLE 6-7.

Analysis of Percent Body Fat

(Discrete)

Ranch Hands - Logy (Initial Dioxin) - Unadjusted

Initial : Percent Est. Relative
Assumption Dioxin .n Obese Risk (95% C.L)2 p-Value
a) Minimal Low 130 20.8 1.23 (1.05,1.44) 0.012
(n=521) Medium 260 23.8
High 131 32.8
b) Maximal Low 185 124 1.32 (1.17,1.49) <0.001
(n=742) Medium 371 23.2
High 186 29.0

Ranch Hands - Logj (Initial Dioxin) - Adjusted

Adj. Relative Covariate
Assumption Risk (95% C.1.)2 p-Value Remarks
¢) Minimal 1.25 (1.05,1.47) 0.010 AGE*RACE (p=0.022)
(n=521)
d) Maximal l 1.37 (1.20,1.55) <0.001 AGE (p=0.026)
(n=742)

2R elative risk for & twofold increase in dioxin.
- Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
Maximal--Low: 25.56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.

6-26




TABLE 6-7. (Continued)

Analysis of Percent Bedy Fat
(Discrete)

Ranch Hands - Logg {Current Dioxin) and Time - Unadjusted

Percent Obese/(n)
Currens Dioxin

Time Est. Relative

Assumption (Yrs.) Low Medium  High Risk (95% C.1.)2 p-Value

e) Minimal 0.776b

(n=521) <l18.6 23.6 22.7 29.6 1.18 (0.91,1.54) 0.217¢
(72) (128) (54)

>18.6 17.2 25.8 33.8 1.24 (1.01,1.53) 0.045¢

(58) (132) (77 ‘

f) Maximal 0.320¢

(n=742) <l18.6 8.5 230 26.5 1.40 (1.15,1.70) 0.001¢
(106) (191) (83)

>18.6 19.0 21.3 327 1.23 (1.04,1.45) 0.013¢

(79) (179) (104)

Ranch Hands - Logz (Current Dioxin) and Time - Adjusted

Time Adj. Relative Covariate
E Assumption {(Yrs.) Risk (95% C.1.)3 p-Value Remarks
g) Minimal 0.755b AGE*RACE (p=0.022)

g (n=521)  <18.6 1.21 (0.92,1.59) 0.176¢
>18.6 1.28 (1.02,1.59) 0.029¢

g 1) Maximal 0299  AGE (p=0.022)
(n=742)  <18.6 1.48 (1.20,1.81) <0.001¢
>18.6 1.29 (1.09,1.52) 0.003¢

iRelative risk for a twofold increase in dioxin.

PTest of significance for homogeneity of reiative risks (current dioxin continuous, time categorized).

CTest of significance for relative risk =qual to 1 (current dioxin continuous, time categorized).

Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt
Maximal--Low: >5-9.01 ppt; Medium: >9.01-333 ppy; High: >33.3 ppt.

6-27




TABLE 6-7. (Continued)

Analysis of Percent Body Fat
(Discrete)

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Percent Est. Relative

Category n Obese Contrast Risk (95% C.I.) p-Value
Background 786 23.7 All Categories <0,001
Unknown 45 119 Unknown vs. Background 0.44 (0.30,0.63) <0.001
Low 196 235 Low vs. Background 0.99 (0.68,1.43) 0.954
High 187 30.0 High vs. Background 1.38 (0.97,1.96) 0.075
Total 1,514

J) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Relative Covariate
Category n Contrast Risk (95% C.1.) p-Value Remarks
Background 736 All Categories . <0.001 .-
Unknown 345 Unknown vs. Background  0.44 (0.30,0.63) <0.001

Low 196 Low vs. Background 0.99 {0.68,1.43) 0.954

High 187 High vs. Background 1.38 (0.97,1.96) 0.075

Total 1,514

Note: Background (Comparisons): Current Dioxin 10 ppt.
Unknown (Panch Hands): Cumrent Dioxin 510 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin £33.3 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.
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Model 2: Ranch Hands - Log, (Current Dioxin) and Time

In the unadjusted analysis of percent body fat, under both the minimal and maximal
assumptions, the interaciions between current dioxin and time since tour were not significant
(Table 6-7 [e] and [f]: p=0.776 and p=0.320, respectively); thus, the estimated relative risks
of the two time strata did not differ significantly. Under the minimal assumption, a significant
association between obesity and current dioxin was found for Ranch Hands with more than
18.6 years since tour (p=0.045, Est. RR=1.24). For these Ranch Hands, the relative
frequencies of obese participants for low, medium, and high current dioxin were 17.2, 25.8, and
33.8 percent. '

Under the maximal assumption, an unadjusted analysis revealed significant positive
associations between.obesity and curient dioxin for both time strata (Table 6-7 [f]: p=0.001,
Est. RR=1.40 for time<18.6 years and p=0.013, Est. RR=1.23 for time>18.6 years). For
Ranch Hands with 18.6 years or less since tour, the relatve frequencies of obese participants
increased with current dioxin (low, 8.5%; medium, 23.0%; and high, 26.5%). For the other
time straturmn, the corresponding relative frequencies were 19.0, 21.8, and 32.7 perceat.

In the adjusted analysis based on the minirnal assumption, the interaction of current
dioxin and dme was not significant (Table 6-7 {g}: p=0.753); therefore, tne adjusted relative
risks of the two time strata did not differ sigrificandy. For time greater than 18.6 vears since

tour, the adjusted relative risk of 1.28 was significant (p=0.029).

In the adjusted analysis under the maximal assumption, the interaction between current
dioxin and time was not significant (Table 6-7 [h]: p=0.299); thus, the adjusted relative risks
of the two time strata were not significantly different. Within each time strata, there was a
significant association between percent body fat and current dioxin (p<0.001, Adj. RR=1.48
for ime<18.6 years and p=0.003, Adj. RR=1.29 for time>18.6 years).

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of percent body fat, the contrast of the four current dioxin
categories was significant (Table 6-7 [i]: p<Q.C01). The relatve frequencies of obese
participants for the background, unknown, low, and high current dioxin categories were 23.7,
11.9, 23.5, and 30.0 percent. The unknown versus background current dioxin category
contrast produced 2 significant relative rick less than 1 (p<0.001, Est. RR=0.44, 95% C.IL.:
[0.30,0.63]) »nd the high versus background category contrast resuited in an estimated
relative risk greater than one that was marginally significant (p=0.075, Est. RR=1.38, 95%
C.L: [0.57,1.96]). For the adjusted model, no covariates were retained in the model from the
stepping procedure; therefore, the adjusted and unadjusted results were the same.

Laboratory Examination Variable
Sedimentation Rate (Continucus)
Model 1: Ranch Hands - Log; (Initial Dioxin)
In the unadjusted analysis of sedimentation rate in its continuous form, there was a

positive association with inital dioxin that was marginally significant under the minimal
assumption and significant under the maximal assumption (Table 6-8 [a] and [b]: p=0.092
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TABLE 6-8.

Analysis of Sedimentation Rate (mm/hr)
(Continuous)

Ranch Hands - Log (Initial Dioxin) - Unadjusted

Initial Slope
Assumption Dioxin n Meand (Std. Error)v p-Value
a) Minimal Low 130 498 0.053 £0.031) 0.092
(n=521) Medium 260 594
(R2=0.006) High 131 6.01
b) Maximal Low 185 4.50 0.078 (0.023) <0.001
(n=742) Medium 371 5.64
(R2=0.016) High 186 5.78
Ranch Hands - Logy (Initial Dioxin) - Adjusted
Initial Adj.  Adj. Slope Covariate
Assumption Dioxin n Meaad (Std. Error)® p-Value Remarks
¢) Minimal Low 130 4.68 0.099 (0.031) 0.002 AGE (p<0.001)
(n=521) Medium 260 5.89
(R2=0.074) High 131  6.50 |
d) Maximal Low 185 445 0.108 (0.022) <0.001 AGE (p<0.001)
(n=742) Medium 371 5.46
(R2=0.072) High 186  6.24

Transformed from natural logarithm scale.

t’Slcpe and standard error bused on natural logarithm sedimentation rate versus logs dioxin.

Note: Minimal-Low: 52-93 ppt; Medium: >93-292 ppt: High: >292 ppt.
Maximal-Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt
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TABLE 6-8. (Continued)
Analysis of Sedimentation Rate (mm/hr)
(Continuous)
i Ranch Hands - Logy (Current Dioxin) and Time - Unadjusted
! Mean?/(n)
Current Dioxin
Time Slope
I Assumption (Yrs.) Low Medium  High (SW. Emor)?  p-Value
e) Minimal 0.500¢
(n=521) <186 5.63 496 5.05 -0.007(0.051) 0.892d
I (R2=0.014) (72) (128) (54)
>18.6 5.86 6.36 6.43 0.037(0.042) 0.3684
(58) (132) (77
f) Maximal 0.311€
(n=742) <186 4.51 5.21 5.05 0.032(0.035) 03674
l (R2=0.018) (106) asn (83)
>18.6 4.46 6.27 6.24 0.079(0.031) 0.011d
(19 (19 (104)
E Ranch Hands - Logp (Current Dioxin) and Time - Adjusted
l Adj. Mean?/(n)
foxin.
Time Adj. Slope Covariate
E Assumption (Yrs.) Low Medium High (Sud. 'Error)b p-Value Remarks
g) Minimal 0.634¢ AGE (p<0.001)
(n=521) <186 5.39 513 583 0.062 (0.c51)  0.2214
a (R2=0.110) 72  (128) (54
>18.6 5.20 6.14 666 0.993 (0.042)  0.0264
(58) @132  ©GN
E h) Maximal 0.309¢ AGE (p<0.001)
(n=742) <18.6 4.52 §27 590 0.675 (0.035)  0.0314
E (R2=0.083) (106)  (1s1)  (83)
>18.5 4.10 590 6.8 0.J22 (0.031) <0.001d
(79  (179)  (104)

*Transformed from natural logarithm scale.
bSlopc and standard error based on natural logarithm sedimentation rate versus logs dioxin.

STest of significance for homoge.eity of slopes (current dioxin continuous, time categorized).

dTest of significance for slope equal o O (current dioxin continucus, time categorized).
Note: Mininal--Low: >10-14.65 ppt: Medium: >14.65-45.75 ppy High: >45.75 ppt.
Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; Hight >33.3 ppt.
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TABLE 6-8. (Continued)

Analysis of Sedimentation Rate (mm/hr)
(Continuous)

Y

St

R DA SR

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current
Dioxin Difference of
Category n Mean? Contrast Means (95% C.1)¢ p-Valuef
Background 786 509 All Categories 0.002
Unknown us 4.52 Unknown vs. Background -0.57 -- 0.025
Low 196 577 Low vs. Background 0.68 -- 0.053
High 187 5.68 High vs. Background 0.59 -- 0.099
Total 1,514 (R2=0.010)

J) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted
Current
Dioxin Adj. Difference of Adj. Covariate
Category n Mean3. Contrast Means (95% C1)¢ p-Valuef Remarks
Background 751 5.19°*  All Categories <0.001**  DXCAT*AGE 3

(p=0.035)
Unknown 328 4.50**  Unknown vs. Background  -0.69 —** 0.007** AGE*PERS

Low 192 5.88**  Low vs. Background 0.69 —*= .0.054%+ (p<0.001)

High 181  €31*  High vs. Background 112 ~** ' 0.004** v
/

Total 1,452 (R2=0.074)

*Transformed from namural logarithm scale,
Difference of means after transformation to original scale; confidence interval on difference of means not given
because analysis was performed on namural logarithm scale.
fp.value is based on difference of mesns on natural logarithm scale,
**Categorized current dioxin-by-covsriate interaction (0.01<p<0.05); adjusied mean and p-value derived from a model
fitad after deletion of this interaction.
Note: Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dioxin <10 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin <333 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.
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and p<0.001, respectively). Under the minimal assumption, the average sedimentation rates
for the low, mediurm, and high initial dioxin levels weie 4.98, 5.94, and 6.01 mm/hr. Similarly,
ihe average sedimentation rates for the low, medium, and high levels under the maximal
assumption wers 4.50, 5.64, and 5.78 mm/hr.

Under both the minimal and the maximal assumptions, the adjusted analyses exhibited
significant positive associations between sedimentation rate and inidal dioxin (Table 6-8 [¢]
and [d}: p=0.002 and p<0.001, respectively). Under the minimal assumption, the adjusted
mean sedimentatica rates for low, medium, and high initial dioxin were 4.68, 5.89, and 6.50
mm/hr, Under the maximal assumpdor, the ccrresponding adjusted means were 4.45, 5.46,
and 6.24 mmyhr.

Model 2: Ranch Hands - Log, (Current Dioxin) and Time

U.der the minimal assumption, the unadjusted analysis of sedimentation rate contained
a nonsignificant interaction between current dioxin and time since tour (Table 6-8 [e]:
p=0.500); thus, the relationships of the two tme strata werc not significantly different. Under
the maximal assumption, the unadjusted analysis also contained a nonsignificant interaction
berween current dioxir and dme (Table 6-8 [f]: p=0.311). However, Runch Hands whose
time since tour exceeded 18.6 years exhibited a significant positive associaton with current
dioxin (p=0.011). For this time statum, the sedimentaton rate means for low, medium, and
high curreat dioxin were 4.46, 6.27, and 6.24 mm/hr.

In the adjusted analysis under the minimal assumpdon, which adjusted for age, the
current dioxin-by-time interaction was not significant (Table 6-8 [g]: p=0.634); thus, the
adjusted slopes did not differ significantly between time strata. However, for time greater
than 18.6 years, a positive association between sedimentation rate and current dioxin was
significant (p=0.026) with adjusted means of 5.20, 6.14, and 6.66 mm/hr for low, medium, and
high current dioxin.

Under the maximal assumpdon, the adjusted analysis which adjusted for age contained
a nonsignificant current dioxin-by-time interaction (Table 6-8 {h]: p=0.309); thus, the
estimated slopes were not significantly different between the two time strata. Within each
time stratum, the association between s2dimentation rate and current dioxin was significant
(£18.6 years, p=0.031, >18.6 years, p<0.001). For the 18.6 years or less time stratum, the
adjusted sedimentation rate means were 4.52, 5.27, and 5.70 mm/hr for low, medium, and high
current dioxin, For the more than 18.6 years time stratum, the adjusted sedimentation rate
means were 4.10, 5.90, and 6.58 mm/hr.

Model 3: Ranch Hands and Comparisons by Current Dioxin Casegory

The unadjusted analysis of sedimentation rate for the four current dioxin categories was
significant (Table 6-8 [i]: p=0.002). The unadjusted sedimentation rate means for the
background, unknown, low, and high current dioxin categories were 5.09, 4.52, 5.77, and
5.68 mm/hr. The contrast for Ranch Hands in the unknown category versus Comparisons in
the background category was significant (p=0.025) with the mean sedimentation rate for the
Comparircns being higher. The low and high category contrasts versus background category
were both marginally significant (p=0.053 and p=0.099, respectively) with the Ranch Hands
having the higher sedimentation rate means.
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The adjusted analysis of sedimentation rate contained a significant interaction between
categorized current dioxin and age (Table 6-8 [j}: p=0.035). To explore the interaction,
adjusted analyses were performed for Ranch Hands and Comparisons bomn in or after 1942
and those born prior to 1942. For the younger participants, the simultaneous contrasc of the
four current dioxin categories was significant (Appendix Table E-1: p=0.009). The adjusted
means for the background, unknown, low, and high categorics were 4.36, 3.72, 5.52, and 4.72

 mm/hr. The unknown versus background category contrast was marginally significant

(p=0.080) with the mean rate for the Comparisons being higher. The contrast for low versus
background category was significant (p=0.021) with the Ranch Hands having the higher mean
sedimentation rate. The contrast for the high category was not significant (p=0.368). For the
older study participants, the overall contrast for the four current dioxin categorics was also
significant (p<0.001). The adjusted means for background, unknovn, low, and high

categories were 5.77, 5.01, 6.05, and 7.94 mm/hr. The unknown versus background category
contrast was significant (p=0.037) with the mean sedimentation rate for Comparisons being
higher. For the older participants, the contrast of high versus background was significant
(p=0.003) with the adjusted mean sedimentation rate being higher for Ranch Hands than
Comparisons. The contrast for the low category was not significant (p=0.576).

An adjusted analysis without the interaction of categorized current dioxin and age was
also performed. For this secondary model, the overall contrast of the four current dioxin
categories was significant (Table 6-8 [j]: p<0.001). The adjusted mean sedimentation rates
were 5.19, 4.50, 5.88, and 6.3' 'nm/hr. The contrast of unknown versus background category
was significant (p=0.007) with the backyround category (Comparisons) having the higher
adjusted mean. The contrast for low versus background category was marginaily significant
(p=0.054) and the contrast for high versus background category was significant (p=0.004).
For both of these contrasts, the adjusted mean sedimentation rate was higher for Ranch
Hands than Comparisons.

Sedimentation Rate (Discrete)

Model 1: Ranch Hands - Log; (Initial Dioxin)

The unadjusted analysis of sedimentation rate in discrete form (abnorma’' versus
normal) exhibited a nonsignificant association with initial dioxin under the minin:al
assumption (Table 6-9 [a]: p=0.509). Under the maximal assumption, the unadjusted
analysis displayed a marginally significant positive association between sedimentation rate
and initial dioxin (Table 6-9 [b]: p=0.064, Est. RR=1.20). The relative frequency of Ranch
Hands with abnormal sedimentation rates had a positive association with initial dioxin (low,
4.9%; medium, 7.3%; high, 8.1%).

In the adjusted analysis, the association between sedimentation rate and initial dioxin
was not significant under the minimal assumption (Table 6-9 [c]: p=0.134), but significant
under the maximal assumption (Table 6-9 [d]: p=0.008; Est. RR=1.33). Age was the only
covariate retained in these analyses.

Model 2: Ranch Hands - Log, (Current Diexin) and Time

For the unadjusted analysis of percent abnormal sedimentation rate, the interaction of
current dioxin and time since tour was not significant for the minimal assumpton (Table 6-9
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TABLE 6-9.

Analysis of Sedintentation Rate
(Discrete)

Ranch Hands - Logs (Initial Dioain) - Unadjusted

Initial Percent  Fst. Relative
Assumption Dioxin n Abnormal Risk (95% C.1.2  p-Value
a) Minimal Low 130 6.2 1.09 (0.85,1.40) 0.509
(n=521) Medium 260 9.2
High 131 8.4
b) Maximal Low 185 49 1.20 (0.99,1.46) 0.064
(n=742) Medium 371 7.3
High 186 8.1
Ranch Hands « Logy (Initiul Dioxin) - Adjusted

Adj. Relative Covariats
Assumption Risk (95% C.1.)2 p-Value Remarks
¢) Minimal ' 1.22 (0.95,1.58) 0.134 AGE (p<0.001)
(n=521)
d) Maximal 1.33 (1.08,1.63) 0.008 AGE (p<0.001)
(n=742)

#Relative risk for a twofold increase in dioxin.
Not=:  Minimal--Low: 52-93 ppt; Medium: >93.292 ppt; High: >292 ppt
Maximal-Low: 25-55.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.
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TABLE 6-9. (Continued)

Analysis of Sedimentation Rate
(Discrete)

Ranch Hands - Logp (Current Dioxin) and Time - Unadjusted

Percent Abnqrm_al/(n)

Time Est. Relative
Assumption  (Yrs.) Low Medium  High Risk (95% C.1.)2 p-Value
¢) Minimal ; 0.262b
(n=521) . <18.6 9.7 6.3 1.9 0.78 (0.46,1.33) 0.360¢
- (72) (128) (54)
>18.6 8.6 10.6 104 1.10 (0.81,1.49) 0.548¢
(58) (132) a7
f) Maximal 0.223b
(n=742) <l18.6 3.3 6.3 6.0 0.96 (0.67,1.39) 0.843¢
(106) (191) (83)
>18.6 33 84 11.3 1.26 (0.99,1.60) 0.065¢

(79) (179) (104)

Ranch Hands - Logs (Current Dioxin) and Time - Adjusted

Time Adj. Relative Covariate
Assumption (Yrs.) Risk (95% C.1.)2 p-Value Remarks
g) Minimal 0.337b AGE (p=0.001)
(n=521) <18.6 0.93 (0.54,1 61) - 0.878¢ E
: >18.6 1.25(0.92,1.71; 0.154€
Ly Maximal - 0.263b AGE (p<0.001) g
(n=742) 518.6 1.10 (0.75.1.62) 0.615¢
>18.6 1.42 (1.10,1.83) 0.007¢ %
Afelative risk for 3 twofald incresse in dioain, %
STest of significance for homogmzity of refstive ruks (curezt dioxin continuous, time categonized).

“Test of significance for relaive rick equsl to 1 feurrent diotin conunuous, tme cstegorized).
Now: Minimal--Low: »10-14.65 prt; Medium: >14 65445.75 prt: Hight >45.79 ppt
Mazimal--Low: >5.9.01 ppt: Medium: >9.01.333 pp; High: >33.3 ppt.
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TABLE 6-9. {Ccntinued)

Analysis of Sedimentation Rate
(Discrate)

i) Ranch Hands arnd Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Percent Est. Relative

Category n  Abncrmal Contrast Risk (95% C.l) p-Value
Background 786 33 All Categories 0.003
Unknown 45 35 Unimown vs, Background 1.05 (0.53.2.11) 0.83%4
Low 196 7.1 Low vs. Background 2.25 (1.154.29) 0.018
High 187 9.1 High vs. Background 2.92 (1.55,5.51) 0.001
Total 1,514

j) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Relative Covariats
Category n Contrast Risk (95% C.1) p-Value Remarks
Background 786 All Categories «<0.001 - AGE (p<0.001)
Unknown 345 Unknown vs. Backgrecund  1.03 (0.51,2.07) 0.937

Low 196 Low vs, Background 2.32 (1.18,4.50) 0.0t5

High 187 High vs. Background 3.86 (2.00,7.45) <0.001

Total 1,514

Mote: Background (Comparisons): Current Diexin <10 ppt.
Unknown (Ranch Hands): Current Dioxin <10 ppt
Low (Ranch Hands): 15 ppt < Current Dioxin £33.3 put.
High (Ranch Hands): Current Dioxin >33.3 ppe
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[e}: p=0.262) as well as the maximal assumption {Table 6-9 [f): p=0.228). Therefore, for
each assumption, the estimated relative risks of the two time strata were not sigaificantly
different from one another. Under the maximal assumption, the association between percent
abnormal sedimentation rate and current dioxin was marginally significant (p=0.065, Est.
RR=1.26) within the tdme greater than 18.6 years stratum. The relative frequencies for
abnormal sedimentation rate within that time stratum were 3.8, 8.4, and 11.5 percent for low,
medium, and high current dioxin. Ths other results were not statistically significant.

After adjusting for age in the analysis of percent abnormal sedizaentation rate, the
interaction of current dioxin and time was not significant under the -ninimal assumption (Table
6-9 [g]: p=0.337) or the maximal assumption (Table 6-9 [h]: p=0.263). Therefore, the
adjusted relative risks of the two time strata were not significanty different from one another.
Under the maximal assumption, the adjusted relatve risk for time greater than 18.6 years
since tour was significant (p=0.007, Adj. RR=1.42). The other adjusted analyses were not

significant.

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of the relative frequencies of participants with abnormal
sedimentadon rates, the simultaneous conwrast of the four current dioxin categories was
significant (Table 6-9 (i]: p=0.003). The relative frequencies of partcipants with abnormal
sedimentation rates for the background, unknown, low, and high current dioxin categories
were 3.3, 3.5, 7.1, and 9.1 percent. The estimated relative risks for low versus background
(Est. RR=2.25, 95% C.I.: [1.15,4.39]) ard high versus background (Est. RR=2.92, 95% C.I.:
[1.55,5.51]) were significant (p=0.018 and p<0.001, respectively). ‘

In the adjusted analysis of sedimentation rate as a discrete variable, the overall
contrast of the four curren: dioxin categories was significant (Table 6-9 (j]: p<0.001). The
adjusted relative risks for low versus background (Adj. RR=2.32, 95% C.I.: [1.18,4.56]) and
high versus background (Adj. RR=3.86, 95% C.I.: [2.00,7.45]) were significant (p=0.015 and
p<0.001, respectively). ,

Longitudinal Analysis
Questionnaire Variable

Self-Perception of Health

Longitudinal analyses of the percentage of participants who perceived their health as
poor/fair at the 1987 examination were conducted to detect associations with initial dioxin in
Ranch Hands, curreat dioxin and time since trur in Ranch Hands, and categorized current
dioxin in Ranch Hands and Comparisons Only participants who reported their health as good
or excellent at the 1982 Baseline examination were included in these analyses. Table 6-10
presents the results of the longitudinal analyses. For a specific longitudinal analysis (e.g..
minimal assumption, initial dioxi. analysis), the upper part of each subpanel of a table
provides the percents of parti ‘pants with fair or poor self-perception of health at each
examination. The lower art of cach subpanel presents sample sizes, percents, relative
risks, and associated 95 percent confidence intervals subject to the requirement that




TABLE 6-10.
Longitudinul Analysis of Self-Perception of Health

Ranch Hands - Logs (Initial Dioxin)

Percent Fair or Poor/(n)

Examinaticn
Inidal
Assumption Dioxin 1682 1985 1987
a) Minimal Low 15.5 74 57
(123) (121 (123)
Medium 23.2 12.5 7.9
(254) (249) (254)
High 18.4 12.9 3.0
(125 (124) (125)
Excellent or Good in 1982
Percent
Inital nin Fair or Pcor Est. Relative
Dioxin 1987 in 1987 Risk (95% C.1.)2 p-Value
Low 104 1.0 1.53 (1.02,2.30) 0.047
Mediem 195 3.1
High 102 5.9

*Reladive risk for a twofold incresse in dioxin.

Nete: Minimal--Low: 52-93 ppt; Medium: >93-292 ppy High: >292 7ot
Mazimal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.
Summary statistics for 1983 are provided for reference purpcses for participants who attended the Baseline,
1983, and 1537 examinations. P-values given are in refsrence to a contrast of 1982 and 1937 resulis.

Statistical analyses are based only on panticipants who were classified W escellent or good in 1932 (see Chapter

4, Statistucal Methods).
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TABLE §-10. (Continued)
Longitudinal Analysis of Self-Perception of Health

Ranch Hands - Logy (Initial Dioxin)

Percent Fair or Poor/(n)
Exarupation

Initial
Assumption Dioxin 1982 1985 1987
b) Maximal Low 18.2 42 4.7
(170) (167) (170)
Medium 20.7 10.0 6.2
(357 (350) (357)
High 179 12.4 7.3
(179) (177 (179)
Excellent or Good in 1982
Percent
Initial nin Fair or Poor Est. Relative "
Dioxin 1987 in 1987 Risk (95% C.1.)3 p-Value
Low 139 0.7 1.78 (1.25,2.54) 0.002
Medium 283 2.1
High 147 4.1

3Relative risk for a twofold increase in dioxin.

Note: Minimal--Low: 5293 ppt; Medium: >93-292 ppt; High: >232 prt.
Maximal-Low: 25-56.9 ppt Medium: >$6.9-218 ppt; High: >718 ppt. B
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline, E§
1985, and 1987 examinations. P-values given are in reference to a contrast of 1982 and 1987 results.

Statistical analyses are based only on participants who were classified as excellent or good in 1982 (see Chapter
4, Statistical Methods). .




TABLE 6-10. (Continued)
Longitudinal Analysis of Self-Perception of Heaith

Ranch Hands - Logj (Current Dioxin) and Time

Percent Fair or Poor/(n)

C Dioxi
Time
Assumption (Yrs.) Examination Low Medium High
¢) Minimal <18.6 1982 15.9 25.0 154
(69) (124) (52)
1985 7.4 9.1 59
(68) (121) (51
1987 7.3 5.7 3.9
(69) (124) (52)
>18.6 1982 14.8 20.8 21.9
(54) (130) (73)
1985 9.4 14.1 19.2
(53) (128) (73)
1687 5.6 8.5 12.3

(54) (130) (73)

- Excellent or Good in 1982:
Percent Fair or Poor/(n) in 1987

e—Current Dioxin
Time Est. Relative
(Yrs.) Low Medium High Risk (95% C.1.)2 p-Value
0.189b
<18.6 1.7 2.2 0.0 0.76 (0.23,2.48) 0.648¢
(58) (93) (44)
>18.6 2.2 2.9 10.5 1.65 (1.03,2.62) 0.036¢
(46) (103) (57)

*Relative risk for a twofold increase in dioxin.

bTest of significance for homogeneity of relative risks (current dioxin continuous, time categorized),

Test of significance for relative risk equal to 1 (current dioxin continuous, tiine categorizad),

Note: Minimal—-Low: >10-14.65 ppt; Medium: >14.65-45.75 ppu: High: >45.75 ppL
Maximal—~Low: >5-9.01 ppt: Medium: >9.01.33.3 ppt; High: >33.3 ppt.
Surmnmary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations. P-values given are in refersnca 0 a contrast of 1982 and 1987 results,

Statistical analyses are based only on participants who were classified as excellent or good in 1982 (see Chapter
4, Statistical Methods).
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TABLE 6-10. (Continued)
Longitudinal Analysis of Self-Perception of Health ' E

Ranch Hands - Logj (Current Dioxin) and Time

Percent Fair or Pgor/(n)

—Current Dioxin ____
Time

Assumption (Yrs.) Examination Low Medium High
d) Maximal <18.6 1982 18.1 21.7 17.5
(94) (184) (80)

1985 0.0 83 6.3

91 (180) (79)

1987 1.1 6.5 3.8

(94) (184) (80)

>18.6 1982 13.2 215 19.0
(76) (172) (100)

1985 9.3 11.8 17.2

(75) (170) (99)

1987 40 8.1 10.0

Excellent or Good in 1982:
Percent Fair or Poor/(n) in 1987

Current Dioxin
Time Est. Relative
(Yrs.) Low Medium High Risk (95% C.1.)a p-Value
0.324b
<18.6 0.0 1.4 1.5 1.18 (0.51,2.73) 0.692¢
(77) (144) (66)
>18.6 . 0.0 3.0 7.4 1.87 (1.23,2.83) 0.003¢
(66) (135) (81)

*Relative risk for a twofold increase in dioxin.

BTest of significance for homogeneity of relative risks (current dioxin continuous, time categorized).

“Test of significance for relative risk equal to 1 (current dioxin contnuous, tims categorized).

Note: Minimal--Low: >10-14.65 ppt; Medinm: >14.65.45.75 ppt; High: >45.75 ppt.
Mazximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppts High: >333 ppu
Summary statistics for 1585 are providsd for reference purposes for participants who attended the Bassline,
1585, and 1987 examinations. P-values given are in reference to a conmrast of 1982 and 1987 results.

Statistical snalyses are based conly on participsnts who were classified as excellent or good in 1982 (see
Chapter 4, Statistical Methods).

6-42




[ [ [ [= -0 - [T R s ] [ =] [ ) e |~ ] [ ] | = L] - -

TABLE 6-10. (Continued)

Longitudinal Analysis of Self-Perception of Health

¢) Ranch Hands and Comparisons by Current Dioxin Category

Percent Fair or Foor/(n)

Examination
Current
Dioxin
Category 1982 1985 1987
Background 14.5 5.1 5.0
(685) (681) (685)
Unknown 16.8 438 3.8
(316) (310) (316)
Low 24.1 122 7.3
(191) (138) (191)
High 18.3 12.4 7.2
(180) (178) (180)
=xcellent or Good in 1933
Current Percent
Dioxin nin  Fair or Poor Est. Relative
Category 1937 in 1987 Contrast Risk (95% C.1.)  p-Value
Background 585 2.1 All Categories 0.022
Unknown 263 0.4 Unknown vs. Background  0.19 (0.02,1.44) 0.108
Low 145 2.8 Low vs. Background 1.38 (0.44,4.36) 0.579
High 147 4.8 High vs. Background 2.40 (0.93,6.22) 0.070

Note: Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dicxin g10 pot
Low (Ranch Hands): 15 ppt < Current Dioxin £33.3 ppt
High (Ranch Hands): Currant Dioxin >33.3 ppt.
Summary statistics for 1985 are provided fer refsrence purposes for participants who autended the Buseline,
1985, and 1987 examinations. P-values given are in reference to a contrast of 1982 and 1987 resulis.
Statisticz] analyses are based only on participants who were classified as excellent or good in 1982 (see

Chapter 4, Statisticzl Meihods),
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participants were compliant at both the 1982 and 1987 examinations and the participants had
a good or excellent self-perception of health at the 1982 examination.

Model 1: Ranch Hands - Log (Initial Dioxin)

Under both the minimal and the maximal assumptions, there was a significant positive
association between inital dioxin and the percentage of Ranch Hands who reported fair or
poor health at the 1987 examination (Table 6-10 [a] and [b]: p=0.047, Est. RR=1.53 and
p=0.002, Est. RR=1.78, respectively). Under the minimal assumption, of the Ranch Hands
with 2 good or excellent self-perception of health at the 1982 examination, the percentages
with a poor or fair opinion of their health at the 1987 examination were 1.0, 3.1, and 5.9
percent for the low, medium, and high initial dioxin categories. The corresponding
percentages under the maximal assumption were 0.7, 2.1, and 4.1 percent.

Model 2: Ranch Hands - Logy (Current Dioxin) and Time

Under the minimal assumption, the longitudinal analysis of the self-perception of health
of Ranch Hands did not detect a significant interaction betwesn current dioxin and time since
tour (Table 6-10 [c]: p=0.189). However, for Ranch Hands with more than 18.6 years since
their tour, there was a significant positive association between current dioxin and the

percentage who reperted fair or poor health at the 1987 examination (p=0.036, Est. RR=1.63).

Of the Ranch Hands who reported good or excellent heaith in 1982, the percentages reporting
fair or poor health in 1987 were 2.2, 2.9, and 10.5 percent for low, medium, and high current
dioxin. :

Under the maximal assumption, the longitudinal analysis did not detect a significant
interaction between current dioxin and tme since *tour (Table 6-10 [d]: p=0.324). Similar to
the minimal analysis, thers was a significant positive association between current dioxin and
the percentage of Ranch Hands who reporied fair or poor health in 1687 within the greater
than 18.6 years time stratum (p=0.003, Est. RR=1.87). Of those Ranch Hands who reported
excellent or good health at the 1982 Baseline examination. - nercentage who reported fair
or poor health at the 1987 examination increased with incre... .g current dioxin for this time
straturn (low, 0.0%; medium, 3.0%; high, 7.4%).

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

For the longitudinal analysis, there was a significant difference among the percentage of
participants who reported fair or poor health at the 1987 examination for the four current
dioxin categories (Table 6-10 [e]: p=0.022). Of the participants who reported excellent or
good health in 1982, the percentages who reported fair or poor hezlth in 1987 for the
background, unknown, low, and high current dioxin categories were 2.1, 0.4, 2.8, and 4.8
percent. Specifically, the contrast of the percentage of Ranch Hands in the high current dioxin
category who reported fair or poor health in 1987 versus the percentage of Comparisons in the
background category was of borderline significance (p=0.070, Est. RR=2.40, 95% C.1.:
{0.93,6.22]).
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Laboratory Examination Variable

Sedimentation Rate (Discrete)

For the longitudinal analyses, the percentages of participants with abnormal
sedimentation rates at the 1987 examination were examined for associations with initial
dioxin for Ranch Hands, current dioxin and time since tour for Ranch Hands, and categorized
current dioxin for Ranch Hands and Comparisons. Only those participants with normal
sedimentation rates at the 1982 Baseline examination were included in these analyses.
Table 6-11 presents the results of the longitudinal analyses.

For a specific longitudinal analysis (e.g., minimal assumption, initial dioxin analysis),
the upper part of each subpane! of a table provides the percents cf participants with an
abnormal sedimentation rate at each examination. The lower part of each subpanel presents
sample sizes, percents, relative risks, and associated 95 percent confidence intervals subject
to the requirement that participants were compliant at both the 1982 and 1987 examinations
and the participants had a normal sedimentation rate at the 1982 examination.

Due to laboratory differences, the cutpoint for sedimentadon rate for the 1982 Baseline
examination differed from the cutpoint for the 1985 and 1987 examiradons. The normal range
for sedimentation rate for the 1982 Baseline examination was less than or equal to 12 mmvhr,

and the normal range for the 1985 and 1987 examinatons was less than or equal to 20 mmyhr.

Model 1: Ranch Hands - Logs (Initial Dioxin)

Under both the minimal and the maximal assumptinns, the longitudinal analysis of the
sedimentation rate detected a nonsignificant positive association between initial dioxin and
the percentage of Ranch Hands with an abnormal sedimentation rate at the 1987 examinadon
(Table 6-11 [a] and [b]: p=0.361 and p=0.102, respectively).

Model 2: Ranch Hands - Logy (Current Dioxin) and Time

The longitudinal analysis of sedimentation rate did not detect a significant interaction
between current dioxin and time since tour under either the minimal or the maximal
assumption (Table 6-11 [c] and [d]: p=0.823 and p=0.922, respectively). The association
betwecn current dioxin and the percentage of Ranch Hands with an abnormal sedimentation
rate in 1987 was also nonsignificant in the time strata under both assumptions (p>0.30 for all
analyses).

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

For the longitudinal analysis there was a significant difference among the percentage of
participants with abnormal sedimentation rates for the four current dioxin categories (Table
6-11 [e]: p=0.010). Of the participants with normal sedimentation rates at the 1982
Baseline examination, the proportions with abnormal sedimentation rates at the 1987
followup examination for the background, unknown, low, and high current dioxin categories
were 2.3, 2.9, 5.4, and 7.4 percent. The percentage of Comparisons in the background
category with abnormal sedimentation rates in 1987 was significantly lower than the
percentage of Ranch Hands with abnormal sedimentation rates in 1987 in both the low
(p=0.033, Est. RR=2.43, 95% C.L: [1.07,5.51}) and high (p=0.002, Est. RR=3.42, 95% C.L.:
{1.59,7.33]) categorics.
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TABLE 6-11.

Longitudinal Analysis of Sedimentation Rate
(Discrete)

Sy Pl Sl bR R

Ranch Hands - Logy (Initial Dioxin)

S R

Percent Apr.m:mal/(n)

Assumption Dioxin . 1982 1985 1987

a) Minimal Low 40 8.2 6.5
(124) (122) (124)

3.1 7.2 . ﬂ
(255) (250) (255)

High 24 4.0 8.0
(125) (124) (125)

S D YA SRR e R

S

Normal in 1982

kA b i

Percent
Initial nin Abnormal Est. Relative

Dioxin 1987 in 1987 Risk (95% C.I.)3 p-Value

Low 119 2.5 1.15 (0.85,1.56) 0.361
Medium 247 6.9
s High 122 6.6

. et T AR

Relative risk for a twofold increase in dioxin. ’
Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
Maximal—-Low: 25-56.9 ppe; Medium: >56.9-218 ppt; High: >2i8 ppu
.- Summary statistics for 1983 sre provided for reference purposes for participants who sttended the Baseline,
: 1985, and 1987 examinations. P-values given are in referencs 1o a contrast of 1982 and 1987 results.
Statistical malyses are based only on participants who were normal in 1982 (see Chapter 4, Jtatistical
Methods).




TABLE 6-11. (Continued)

c

Longitudinal Analysis of Sedimentation Rate
(Discrete)

Ranch Hands - Loz (Initial Dioxin)

Percent Abnormal/(n)

Examination
Initial
Assumption Dioxin 1982 1985 1987
b) Maximal Low 29 4.8 4.7
(171 (168) (171)
Medium 2.8 7.1 7.2
(359) (352) (359)
High 2.8 4.0 7.8
(179) (177 (179)
Normal in 1982
: Percent
Initial nin Abnormal Est. Relative
Dioxin 1987 in 1987 Risk (95% C.1.)a p-Value
Low ‘ 166 3.6 1.22 (0.97,1.55) 0.102
Medium 349 52
High 174 5.8

3Relative risk for a twofold increase in dioxin.

Note: Minimal--Low: 52.93 ppt; Medium: >93-292 ppt: High: >292 ppt.
Maximal—-Low: 25-56.9 ppt; Medium: >56.9-213 ppt; High: >218 ppt
Summary statistics for 1985 ars provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinadons. P-values given are in reference to a contrast of 1982 and 1587 results.

Siatistical analyses are based only cn paticipants who were normnal in 1982 (see Chapter 4, Statistical
Methods).
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TABLE 6-11, (Continued)

Longitudinal Analysis of Sedimentation Rate
(Discrete)

Ranch Hands - Logy (Current Dioxin) and Time

Percent Abnormal/(n)
C Dioxi
Time ]
Assumption {Yrs.) Examination Low Medium High
¢) Minimai <18.6 1982 7.3 1.6 0.0
(69) (125) (52)
1985 11.8 49 2.0
(68) (122) (51)
1987 10.1 6.4 1.9
(69) {125) (52)
>18.6 1982 3.6 31 4.1
(55) (130) (73
1985 9.3 7.8 4.1
(54) (128) (73)
1987 9.1 100 9.6
(55) (130) (73)
Normal in 1982:
Percent Abnormal/(n) in 1987
Current Dioxin
Time Est. Relatdve
(Yrs.) Low Medium High Risk (95% C.1.)2 p-Value
0.823b
<18.6 3.1 6.5 19 1.14 (0.66,1.97) 0.649¢
(64) (123) (52)
>18.6 5.7 7.1 7.1 1.05 (0.71,1.355) 0.793¢

(33) (126) (70)

3Relative risk for a twofcld incresse in dioxin.

VTest of significance for homogeneity of relative risks {current dioxin continuous, time catzgorized).

STest of significance for reistive risk equal 10 1 (current dioxin continuous, time categorized).

Note: Minimal-Low: >10-14.85 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt.
Maximal-Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations. P-values given are in reference to a contrast of 1982 and 1987 results.
Statistical analyses are based only on participants who were normal in 1982 (see Chapter 4, Statistical
Methods).
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TABLE 6-11. (Continued)

Longitudinal Analysis of Sedimentation Rate
(Discrete) Pt

Ranch Hands - Logs (Curreat Dioxin) and Tire

Percent Abnormal/(n) |
Time :
Assumption (Yrs.) Examination Low Medium High
d) Maximal <18.6 1982 42 38 0.0
(95) (185) (80) 3
1985 33 6.1 6.3 3
(92) (181) (79) !
1987 32 6.5 6.3
(95) (185) (80)
>18.6 1982 0.0 2.9 4.0
(76) (173) (100)
1985 4.0 7.6 5.1
(75) (171) . (99)
1987 40 8.1 11.0

Normal in 1982:
Percent Abnormal/(n) in 1987
Current Dinxin

Time Est. Relative 2
(Yrs.) Low Medium High Risk (95% C.1)3 £-Value S
.
0.9225 L
<18.6 22 39 6.3 1.20 (0.80,1.80) 0.390¢ o
©on (178) (80)
>18.6 4.0 5.4 8.3 1.17 (0.86,1.57) 0.314¢
(76) (168) (56) kﬁ

tRelative risk for a twofold increase in dioxin,

“Test of significance for homogzeneity of relative risks (current dioxin continuous, time caegorized).

Test of significance for relative risk equal 0 1 (cunient dioxin continuous, time categorized).

Note: Minimal--Low: >10-14.45 ppt Medium: >14.5545.75 ppt; High: >45.75 ppL
Mazimal-Low: >5.9.01 ppu Medium: >9.01-33.3 ppy; High: >333 ppt

Summary statistics for 1985 ar= provided for refarence purposes for participants who attended the Baselins,
1925, and 1987 examinations. P-values given sre in refercace 1o s contrast of 1932 and 1987 results. -
Statistical analyses are based only on participanis who were normal in 1982 (see Chapter 4, Statistical { ¥
Me:hnds). e 3
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TABLE 6-11. (Continued)

- Lo'néitudinal Analysis of Sedimentation Rate
(Discrete)

e) Ranch Hands énd Comparisons by Current Dioxin Category

Percent Abnormal/(n)

Current Examination -
Dioxin .
Category 1982 - 1985 1987
Background 4.7 3.1 35
(686) (682) (686)
Unknown 22 35 3.5
(317) (311) (317)
Low 2.6 4.8 6.8
- (192) (189) (192)
High 22 5.6 8.9 .
(180) (178) (180)
Nomnalin 1932
Current Percent
Dioxin nin  Abnomal Est. Relative
Category 1987 in1987 Contrast Risk (95% C.I.)  p-Value
Background 654 23 All Categories 0.010
Unknown 310 29  Unknown vs. Background  1.29 (0.56,2.99) 0.550
Low 187 5.4 Low vs. Background 2.43 (1.07,5.51) 0.033

High . 176 7.4 High vs. Background 3.42 (1.59,7.33) 0.002

Note: Backgrogpd (Comparisons): Current Dioxin <10 ppe.
Unknown (Ranch Hands): Current Diexin 510 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin 5333 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examninations. P-values given are in refsrence to a contrast of 1982 and 1587 results.

Statistical snalyses are based only on participants who were normal in 1982 (ses Chapter 4, Statistical
Methods). C
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DISCUSSION .

In clinical medicine, the assessment of an individual’s general state of heaith is based
on subjective and objective indices derived from the history, physical examination, and
laboratory testing. The variables analyzed in the current assessment were selected to be
sensitive to the overall state of health rather than specific to any organ system. Of the five
clinical variables analyzed in the current assessment, only the percent body fat and
sedimentation rate consistently showed strongly positive associations with the current and
extrapolated initial serum levels of dioxin.

The percent budy fat easily is derived as an objective parameter related to good health.
Whereas obesity is a risk factor for cardiovascular disease and can contribute to hypertension
and diabetes mellitus, it is often the patient with unexplained weight loss who is clinically of
concern. Among the disorders considered in the current study that can induce unintentional
weight loss are metabolic diseases, such as diabetes mellitus and hyperthyroidism; occult
malignancy, most often lung or colon; drug abuse, for example alcoholism or cocaine addiction;
and emotional illness, such as anxiety or depression. To the extent that it can reflect
significant weight gain or loss, the percent body fat can serve as a valuable clinical clue to the
presence of occult disease.

A significant associatdon berween percent body fat and initial dioxin was evident in this
study. The relationship between dioxin and body fat was consistent whether dioxin was
measured on a lipid-adjusted basis or on a whole-weight basis. In the maximal cohort,

29.0 percent of those participants with high inital levels of dioxin met criteria for obesity by
discrete analysis in contrast to a 12.4 percent incidence of obesity in those with low inital
levels. Clinically, it would be difficult to explain the finding of higher levels of dioxin in
relatively obese participants on the basis of any health detriment. While several studies
have documented that a mobile equilibrium exists between serum and adipose tissue levels
(11, 37), the pharmacokinetics of dioxin in obese versus lean individuals have not been
studied prospectively over time.

The sedimentation rate can he a sensitive, if nonspecific, index of general health.
Pertinent to the longitudinal design of the current study is the effect of age: A rate as high as
40 millimeters per hour is considered within the range of normal at age 65. Extreme
elevations in the sedimentation rate consistently are associated with serious underlying
disease, usually malignancy. :

In groups of close to identical size, 4.9 percent of participants with low serum dioxin
levels (25 ppt to 56.9 ppt) were found to have elevated scdimentation rates while those with
the highest levels (more than 218 ppt) had an 8.1 percent incidence of abnormal elevations.
Furthermore, consistent with results described in the 1585 and 1987 reports, a significantly
bigher incidence of abnormally elevated sedimentation rates was noted in the Ranch Hand
versus the Comparison cohort in a pattern strongly suggestive of a dose-response effect.
Finally, the possibility of a temporal effect is raised by the significantly higher incidence cf
sedimentation rate elevatons in Ranch Hands who are now more removed from service in
SEA (>18.6 years). Though of uncertain cause, these results raise the possibility that some
clinically occult disease process may be present in the Ranch Hand cohort and highlight the
need for continued evaluation of ESR in subsequent examination cycles.
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The longitudinal analyses of sedimentation rate reveal positive but nonsignificant
associations for Ranch Hand-only analyses using initial dioxin, as well as current dioxin and
time since tour. The longitudinal analysis of categorized current dioxin did reveal a dose- -
response pattern when considering Ranch Hands and Comparisons.

SUMMARY

For the general health assessment, the following five variables were evaluated for an
association with serum dioxin levels: self-perception of health, appearanice of illness or
distress at physical examination, relative age, percent body fat, and sedimentation rate. All
five variables were analyzed in discrete form. Percent body fat and sedimentation rate were
also analyzed as continuous variables. Tables 6-12, 6-13, and 6-14 provide the results of
analyses based on initial dioxin, current dioxin and time since tour, and categorized current
dioxin.

Model 1: Ranch Hands - Logs (Initial Dioxin)

For the unadjusted analysis of self-perception of health, there was a marginally
significant positive association with inidal dioxin under the maximal assumption. For the
unadjusted analysis of percent body fat expressed in the contnuous form, significant positive
associations with inidal dioxin were found under both the minimal and maximal assumptions
- (Table 6-12: p=0.001 and p<0.001). Significant positve associations were also found for
percent body fat expressed as a discrete variable (p=0.012 and p<0.001). In the unadjusted
analyses of sedimentation rate in continuous form, a marginally significant positive
association with initial dioxin was found under the minimal assumption and a significant
positive association (p<0.001) was found under the maximal assumption. For the discrete
form of sedimentation rate, there was a positive association with initial dioxin that was of
borderline significance under the maximal assumption. The other two dependent variables
displayed nonsignificant, albeit positive associations with initial dioxin for the unadjusted
analyses. : )

Regardless of its form, percent body fat again displayed significant positive associations

with initial dioxin under both the minimal and maximal assumptions for the adjusted analyses.

For sedimentation rate evaluated in continuous form, the adjusted analyses displayed
posiiive significant associations with initial dioxin (p=0.002 and p<0.001) for the minimal and
maximal assuriptions. For sedimentation rate expressed in discrete form, there was a
significant positive association for the maximal assumption (p=0.008).

For the adjusted analysis of self-perception of health, there was a significant interaction
between initial dioxin and age for the minimal analysis, and an interaction o. ...dal dioxin and
personality type for the maximal analysis. For the interaction of initial dioxin with age, Ranch
Hands born in or after 1942 had a significant positive association with initial dioxin, and those
born prior to 1942 had a nonsignificant negative association. For the interaction of initial
dioxin with personality type. Ranch Hands classified as type A had a significant positive
association with initial dioxin and those classified as type B had a nonsignificant positive
association. After excluding these interactions, there was a nonsignificant positive
association with initial dioxin for the minimal analysis, and a marginally significant positive
association with initial dioxin for the maximal analysis. The adjusted analyses of appearance
of illness or distress and relative age were nonsignificant under both assumptions.
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TABLE 6-12.

Summary of Initial Dioxin Analyses for General Health Variables
Based on Minimal and Maximal Assumptions

(Ranch Hands Only)
Unadjusted Adjusted

Variable Minimal Maximal Minimal Maximal
Questionnaire
Self-Perception

of Health (D) NS NS* ** (NS) ** (NS*)
Physical Examination
Appearance of Illness or

Distress by Physician (D) NS NS NS NS
Relative Age (D) NS NS NS NS
Percent Body Fai3 (C) +0.001 +<0.001 +490.001 +<0.051
Percent Body Fat (D) +0.012 +<0.001 +0.010 +<0.001
Laberatory
Sedimentation Rate (C) NS* +<0.001 +0.002 +<0.001
Sedimentation Rate (D) . NS NS* NS +0.008

2Negative slope considered adverse for this variable.

C: Continuous analysis.

D: Discrete analysis.

+: Relative risk 1.00 or greater for discrete analysis; slops nonnegative for continuous analysis.

NS: Not significant (p>0.10).

NS*: Marginally significant (0.05<p<0.10).

** (NS): Logy (initial dioxin)-by-covariate interaction (0.01<p<0.03); not significant when interaction is deleted;
refer to Appendix Table E.1 for a deuiled description of this interaction.

** (NS*): Logs (initial dioxin)-by-covariate interaction (0.01<p<0.05); marginally significart when interaction is

deleted; refer o Appendix Table E-1 for a detailed description of this interaction.
Ncte: P-value given if p<0.0S.

A capital “NS™ denotes relative risk 1.00 or greater for discrets analysis or nonnegative for continvous analysis.
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TABLE 6-13.

Summary of Current Dioxin and Time Analyses for General Health
Variables Based on Minimal and Maximal Assumptions

(Ranch Hands Only)
Unadjusted
Minimal Maximal

Variable CT <186  >186  C*T <186  >186
Questionnzire
Self-Perception

of Health (D) NS* ns NS NS NS NS*
Physical Examination
Appearance of Iliness or

Distress by Physician (D) NS ns NS NS us NS
Relative Age (D) -0.039  +0.027 ns -0.024 +0.028 ns

" Percent Body Fat3 (C) NS NS* +0.014 ns +<0.001 +<0.001

Percent Body Fat (D) NS NS +0.045 ns. +0.001 +0.013
Lahoratory _
Sedimentation Rate (C) NS ns NS NS NS +0.011
Sedimentation Rate (D) NS ns NS NS ns NS*

3Negative slope considered adverse for this variable.

C: Contiivous analysis.

D: Discrete analysis, :

4! £18.6 and >18.6: Relative risk 1.00 or greater for discrete analysis; slope nonnegative for continuous mnalysis.
«t C*T: Relative risk/slope for <13.6 category greater than relative rick/slope for >18.5 category.

NS/ns: Not significant (p>0.10).

NS*: Marginally significant (0.05<p<0.10).

Notes:

P-value given il pg0.05.

C*T: Logj (current dioxin)-by-time interuction hypothesis test.

<18.6: Logy (current dioxin) hypothesis test for Ranch Hads with time since end of tour of 18.6 years or
less.

>18.6: Logy (current dioxin) hypothesis test for Ranch Hands with time since end of tour greater than 18.6
years. _ ‘

A capital “NS” denotes relative risk/slope for $18.6 category iess then r=lative risk/slope for >18.6 category,

relative risk 1.00 or greater for discrete nalysis, or slope nonnegative for continuous malysis; & lowercase

“ns” denotes relative risk/slope for 18.6 category greater than relative risk/slope for >18.6 category,

reiative risk less than 1.00 for discrete analysis, or slope negative for continuous analysis.
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TABLE 6-13. (Continued)

Summary of Current Dioxin and Time Analyses for Ceneral Health
£ Variables Based on Minimal and Maximal Assutaptions
(Ranch Hands Only)

Adjusted _
I Minimal Maximal
. Variable C*T <18.6 >18.6 C*T <18.6 >18.6
Questionnaire
Self-Perception
E o[ Hcallh (D) L2 Lt shaR sene s seee NNy
Physical Examination
Appearance of [llness or
Distress by Physician (D) NS ns NS NS ns NS
Relative Age (D) -0.039 +0.027 ns -0.026 NS* ns
Percent Body Fat3 (C) NS NS* +0.008 ns +<0.001 +<0.001
Percent Body Fat (D) NS NS +0.029 ns +<0.001 +0.003
Laboratory .
&
Sedimentation Rate (C) NS NS +0.026 NS +0.031 +<0.001
Sedimentation Rate (D) NS .ns NS NS NS +0.007

ANegative slope considered sdverse for this varisble.
C: Continuous analysis.
D: Discrete analysis.
+: 518.6 and >18.4: Relative risk 1.00 or greater for discrete analysis; slope nonnegative for continuous analysis.
=t C*T: Relative risk/slope for <18.6 category greater than relative risk/slope for >18.6 category.
NS/ns: Not significant (p>0.10).
NS*: Marginally significant (0.05<p<0.:0).
#9¢¢: Logy (current dioxin)-by-time-by-covariate interaction (p<0.01); refer to Appendix Table E-1 for a detailed
description of this interaction.
Notes: P-value given if pg0.0S.
C*T: Logy (current dioxin)-by-time interaction hypothesis test.
518.6: Logy (current dioxin) hyprthesis test for Ranch Hands with time since end of tour of 18.6 years or
less.
>18,6: Logy (current dioxin) hypothesis test for Ranch Hands with time since end of tour grearer than 18.6
years.

A capital “NS” denotes relative risk/slope for S18.6 category less than relative riskislops for >18.6 category,
relative risk 1.00 or grester for discrete analysis, or s'cpe nonneguiive for continuous analysis; & lowercase
“ns” denotes relative risk/slope for £18.6 category greater than relative risk/siope for >18.6 category, relative

risk less than 1.00 for discrete analysis, or slope negative for continucus snalysis.

S
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TABLE 6-14.

Summary of Categorized Current Dioxin Analyses for
General Health Variables
(Ranch Hands and Comparisons)

Unadjusted
Unknown Low High
versus versus versus

Variable All Background  Background Background
Questionnaire
Self-Perception :

of Health (D) NS ns NS NS
Physical Examination
Appearance of Iliness or

Distress by Physician (D) NS NS -- NS
Relative Age (D) NS NS ns NS
Percent Body Fat2 (C) - <0.001 -<0.001 NS +<0.001
Percent Body Fat (D) <0.001 -<0.001 LS NS*
Laboratory
Sedimentation Rate (C) 0.002 -0.025 NS* NS*
Sedimentation Rate (D) 0.003 NS +0.018 +0.001

3Negative difference considered rdverse for this varisble.

C: Continuous analysis.

D: Discrete analysis,

+:  Relative risk 1.00 or greater for discrete snalysis; difference in means nonnegative for continuous analysis.
<t Relative risk less than 1.00 for discrete analysis; difference in means negative for continuous snalysis.

-: Analysis not performed due w category with no abnormalities.

NS/ns: Mot significant (p>0.10).

NS*: Marginally significant (0.05<p<0.10).

Note:

P-value given if pg0.05. ‘

A capital “N5” denotes relative risk 1.00 or greater for discrete analysis or difference in means nonhegative for
continuous aalysis; a lowercase “n3” denotes relative risk less than 1.00 for dixcrete snalysis; a capital “NS”
in the first column does not imply directionality.
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' TABLE 6-14. (Continued)

Summary of Categorized Current Dioxin Analyses for
General Health Variables
(Ranch Hands and Comparisons)

Adjusted
Unknown Low High
versus versus versus
Variable All Background  Background Background
Questionnaire
' Self-Perception
of Health (D) NS ns NS NS
I Physical Examination
Appearance of Iliness or
E Distress by Physician (D) ** (NS) ** (NS) -- ** (NS)
Relative Age (D) NS NS ns NS
. Percent Body Fat2 (C) <0.001 -<0.001 NS +<0.001
Percent Body Fat (D) <0.001 -<0.001 ns NS*
Laboratory
’ Sedimentation Rate (C) ** (<0.001) ** (-0.007) ** (NS*) ** (+0.004)
Sedimentation Rate (D) <0.001 NS +0.015 +<0.001

g

ENegative difference considered adverse for this variable.
C: Continuous analysis.
D: Discrete analysis.
+:  Relative risk 1.00 or greater for discrete mnalysis; difference in mesns nonnegative for continuous analysis.
-t Relative risk less than 1.00 for discrete analysis; difference in means negative for continuous analysis,
--: Analysis not performed due to category with no abnormalities.
NS/ns: Not significant (p>0.10).
NS*: Marginally significant (0.05<p<0.10).
** (NS): Categorized current dioxin-by-covariate interaction (0.01<p0.05); not significant when interaction is
deleted; refer to Appendix Table E-1 for & detailed description of this interaction.
** (NS*): Categorized current dioxin-by—covariate interaction (0.01<p<0.05); marginally significant when interaction
is deleted; refer to Appendix Table E-1 for a detailed description of this intersction.
** (...): Categorized current dioxin-by-covariate interaction (0.01<p<0.05); significant when interaction is daleted, and
p-value is given in parentheses; refer o Appendix Table E-1 for a detailed description of this interaction.
Note: P-value given if p<0.05.
A capital “NS7 denotes relative risk 1.00 or greater for discreta analysis or difference in means nonnegative for
continuous analysis; a lowercase “ns” denotes relative risk less than 1.00 for discrete analysis; & capital “N§”
in the first column does not imply dirsctionality,
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Under both the minimal and maximal assumptions of the longitudinal analyses of self-
perception of health, a significant positive association was found between initial dioxin and
the percentage of Ranch Hands having an abnormal self-perception of health in 1987 (p=0.047
and p=0.002, respectively). That is, the prevalence of a fair or poor self-perception of health
in 1987, conditioned on excellent or good health in 1982, increased with an increase in initial
dioxin for both cohorts. However, the percentage of participants who reported their health as
fair or poor in 1987 decreased by over 50 percent since 1982. No significant associations with
initial dioxin were cbserved in the longitudinal analyses of sedimentation rate.

Model 2: Ranch Hands - Logs (Current Dioxin) and Time

For the unadjusted analysis of relative age, there was a significant interaction between
current dioxin and time since tour under the minimal assumption and the maximal assumption
(Table 6-13: p=0.039 and p=0.024, respectively). Under both assumptions, the estimated
relative risks were significant and exceeded 1 for men with 18.6 years or less since tour
(minimal, p=0.027; maximal, p=0.028). For those with more than 18.6 years since tour, the
associations with current dioxin were negative but nonsignificant under both assumptions.

In the unadjusted analysis under the minimal assumption of self-perception of health,
the interaction of current dioxin and time was marginally significant. For those men with 18.6
years or less, there was a nonsignificant negative associaton between self-perception of
health and current dioxin and for those with more than 18.6 years there was a nonsignificant
positive association with current dioxin. Under the maximal assumption, the unadjusted
analysis of self-perception of health displayed a nonsignificant current dioxin-by-time
interaction with a marginally significant positive association with current dioxin for those men
with greater than 18.6 years since tour.

For both continuous and discrete measures of percent body fat, the unadjusted analyses
contained nonsignificant current dioxin-by-time interactions under both assumptions.
However, for these analyses both time strata exhibited positive associations with current
dioxin that generally were significant.

For appearance of illness or distress at the physical examination, and also for both
measures of sedimentation rate; the unadjusted analyses exhibited nonsignificant current
dioxin-by-time interactions under both assumptions. :

For continuous and discretc sedimentation rate, the unadjusted analyses under the
maximal assumption contained positive associations with current dioxin that were at least
marginally significant for those men with greater than 18.6 ysars since tour.

In the adjusted analysis of relative age, the current dioxin-by-time interaction was
significant under both assumptions (minimal, p=0.039; maximal, p=0.026). The minimal
analysis exhibited a significant positive association with current dioxin (p=0.027) and the
maximal analysis exhibited a marginally significant positive association among those more
recently exposed (<18.6 years). Under both assumptions, the association for those men
exposed more than 18.6 years was negative but nonsignificant.
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For self-perception of health, the adjusted analyses under both assumptions exhibited
significant current dioxin-by-time-by-personality type interactions (minimal, p=0.007;
maximal, p=0.005). Exploration of the interactions showed that under both assumptions, the
current dioxin-by-time interactiors were significant for Ranch Hands classified as type A,
and for these same individuals there was a nonsignificant negative association with current
dioxin for the more recently exposed men (<18.6 years) and a significant positive association
with current dioxin for those with carlier tours (>18.6 years). Analyses for Ri~ch Hands
classified as type B exhibiwd nonsignificant results.

In the adjusted analyses of both measures of percent body fat, the interactions of current
dioxin and time were not significant under both assumptions. However, under the minimal
assumption, there were significant positive associations with current dioxin for time since
tour more than 18.6 years (continuous, p=0.008; discrete, p=0.029), and for the maximal
assumption both time strata displayed significant positive asscciations with current dioxin
(continuous, p<0.001 and p<0.001; discrete, p<0.001 and p=0.003, for time<18.6 years rai
time>18.6 years).

For both forms of sedimentadon rate, the adjusted analyses exhibited nonsignificant
current dioxin-by-tme interactons. For continuous sedimentadon rate, the associadon with
current dioxin was positive and significant (p=0.026) under the minimal assumption for men
exposed more than 18.6 years. For continuous sedimentadon rate, the association with
current dioxin was positive and significant under the maximal assumption for men with 18.6
years or less since tour (p=0.031) and for men with more than 18.6 years since tour
(p<0.001). For the discrete version of sedimentation rate, there was a significant positive
association with current dioxin for more than 18.6 years (p=0.007) under the maximal
assumption.

In the adjusted analysis of illness or distress at the physical examination, no covariates
had a significant effect, hence the unadjusted nonsignificant interactions berween current
dioxin and time under both assumptions were the same as in the adjusted analysis.

In the longitudinal analyses of self-perception of health, the current dioxin-by-time
interactions were nonsignificant. However, significant positive associations between current
dioxin and the percentage of Ranch Hands having an abnormal self-perception of health in
1987 weze present for both the minimal and maximal assumptions (p=0.036 and p=0.003).
No significant results were detected in the longitudinai analyses of sedimentation rate.

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of percent body fat using the four current dioxin catagories,
the overall contrasts were significant (Table 6-14, continuous and discrete, p<0.001). For
percent body fat, the unknown versus background cuntrast was significant with background
being higher than unknown (p<0.001). In addition, the high category cxceeded background

significantly for continuous perceat body fat (p<0.00)) and marginally for discrete percent
bedy fat.

For both continuous and discrete sedimentation rate, the overall unadjusted contrast
was significant (p=0.002 and p=0.003, respectively). For the contrasts using continuous
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sedimentation rate, the unknown versus background contrast was significant (p=0.025) with
the background category exceeding the unknown catzgory. Both the low versus background
contrast and the high versus background contrast were marginally significant with the high~
and low categories having higher mean sedimentaton rates than background. For the
discrete form of sedimentation rate, the low versus background and high versus background
contrasts were significant (p=0.018 and p=0.001, respectively) with both contrasts having
estimated relative risks above 2.

The unadjusted analyses of self-perception of health, appearance of illness or distress
at the physical examination, and relative age exhibited nonsignificant differences among the
four current dioxin categories.

In the adjusted analysis of percent body fat, the overall contrast of the four current
dioxin categories was significant (p<0.001) for both the continuous and the discrete measure.
The contrast for Ranch Hands of the unknown current dioxin category versus Comparisons of
the background current dioxin category was significant with the Comparisons being higher
(p<0.001 for both contnuous and discrete). In the analysis of percent body fat as a
continuous variable, Ranch Hands in the high category significantly exceeded the background
category of Comparisons (p<0.001). The corresponding adjusted relative risk for discrete
percent bedy fat was positive and marginally significant. :

For sedimentation rate in coatinuous form, the adjusted analysis conuined a significant
interaction between categorized current dioxin and age. The interaction was investigated for
study participants born in or after 1942 and those born prior to 1942. The younger and older
groups displayed siguificant overall contrasts (p=0.009 and p<0.001, respectively). For the
younger participants, the unknown versus background contrast was marginally significant
with the background category baving the higher adjusted mean sedimentation rate, and the
low versus background contrast was significant with the Ranch Hands in the low category
taving the higher adjusted mean sedimentation rate. For the older participants, the unknown
versus background contrast was significant with background havi g the higher adjusted mean
sedimentauon rate, and the high versus background contrast was also significant with the
Ranch Hands in the high category having the higher adjusted mean. A followup adjusted
analysis of sedimentation rate without the interaction was performed. The analysis displayed
a significant overall contrast (p<0.001), a significant unknown versus background contrast %j
(p=0.007), a marginally significant low versus background contrast, and a significant high
versus background contrast (p=0.004). For the last two contrasts, the adjusted
sedimentation rate means of the Ranch Hands exceeded the background Comparison group.
For the unknown versus background contrast, Ranch Hands in the unknown category nad a
lower adjusted mean sedimentation rate. For the adjusted analysis of sedimentation rate as
a discrete variable, the overall contrast of the four current dioxin categories was significant 5
(p<0.001), as was the low versus background contrast (p=0.015), and the high versus ‘
background contrast (p<0.001). These contrasts had adjusted relative risks above 2 and 3,
respectively. %

For relative age and self-perception of health, the adjusted analyses were not
significant. For the appearance of illness or distress at the physical examination, there was a
significant interaction between categorized current dicxin and age. Investigation of the
interaction for younger and older study participants failed to display a significant overall
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contrast. A followup adjusted model without the interaction with age exhibited no sigmficant
differences.

In the longitudinal analysis of self-perception of health, the pirce..iages of parwipants
who reported fair or poor health in 1987 differea significantly among the currem .'iaxi;.
categories (p=0.022), spcciﬁcally between the high and background caiegories "7 v.070).
The longitudinal analysis of sedimentation rate also deronstrated a sxgmﬁc..nt iit. crence in
the percentages of abnormal rates in 1987 among the current dioxin categoric« 1 -0.010).
The low and high current dioxin categories had higher percentages than the b ground
category (p=0.033 and p=0.002, respectively).

CONCLUSION

In general, percent bocdy fat and sedimentation rate exhibited significant positive
associations with initial dicxin. The other variables exhibited positive but nonsignificant
associations with initial dioxin. The unadjusted and adjusted analyses of relative age
exhibited significant interactions berween current dioxin and dme since tour. For Ranch
Hands with 18.6 years or less since tour, the associations between relative age and current
dioxin were positive and at least marginally significant for each analysis type and
assumption. For the other variables, the current dioxin-by-time analyses generally
displayed nonsignificant but positive associations with current dioxin. In general, the
unadjusted and adjusted analyses for the four current dioxin categorias exhibited overall
significant contrasts for percent body fat and sedimentation rate and the high versus
background contrast and the low versus background contrast were significant wita the Ranch
Hands exceeding Comparisons. The percent body fat results for the four current dioxin
categeries appear to display an increasing association with dioxin within the Ranch Hands
(i.e., unknown, low, and high categories); however, the background category for Comparisons
exceeds the unknown category for Ranch Hands.

The longitudinal analyses of self-perception of health demonstrated sxgmficant positive
associations with inifial dioxin and current dioxin. However, the percentage of participants
who reported fair or poor health decreased by more than 50 percent from 1982 to 1987. In the
longitudinal analyses of sedimsntation rate, the percentages of abnormalities in 1987 differed
significantly among the current dioxin catzgories.

In summary, with the exception of the sedimentation rate, the data analyzed in the
current section failed to reveal any health detriment consequent to herbicide exposure or to
the curreni body burden of dioxin.
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