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nthrax Vaccination in the Millennium Cohort
alidation and Measures of Health

esa Smith, MPH, Cynthia A. Leard, MPH, Tyler C. Smith, MS, Robert J. Reed, MS, Margaret A. K. Ryan, MD, MPH,
or the Millennium Cohort Study Team

ackground: In 1998, the United States Department of Defense initiated the Anthrax Vaccine Immu-
nization Program. Concerns about vaccine-related adverse health effects followed, prompt-
ing several studies. Although some studies used self-reported vaccination data, the
reliability of such data has not been established. The purpose of this study was to compare
self-reported anthrax vaccination to electronic vaccine records among a large military
cohort and to evaluate the relationship between vaccine history and health outcome data.

ethods: Between September 2005 and February 2006 self-reported anthrax vaccination was
compared to electronic records for 67,018 participants enrolled in the Millennium Cohort
Study between 2001 and 2003 using kappa statistics. Multivariable modeling investigated
vaccination concordance as it pertains to subjective health (functional status) and objective
health (hospitalization) metrics.

esults: Greater than substantial agreement (kappa�0.80) was found between self-report and
electronic recording of anthrax vaccination. Of all participants with electronic documen-
tation of anthrax vaccination, 98% self-reported being vaccinated; and of all participants
with no electronic record of vaccination, 90% self-reported not receiving a vaccination.
There were no differences between vaccinated and unvaccinated participants in overall
measures of health. Only the subset of participants who self-reported anthrax vaccination,
but had no electronic confirmation, differed from others in the cohort, with consistently
lower measures of health as indicated by Medical Outcomes Study 36-Item Short Form
Health Survey for Veterans (SF-36V) scores.

onclusions: These results indicate that military members accurately recall their anthrax vaccinations.
Results also suggest that anthrax vaccination among Millennium Cohort participants is not
associated with self-reported health problems or broad measures of health problems severe
enough to require hospitalization. Service members who self-report vaccination with no
electronic documentation of vaccination, however, report lower measures of physical and
mental health and deserve further research.
(Am J Prev Med 2007;32(4):347–353) © 2007 American Journal of Preventive Medicine
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nthrax vaccine was first broadly administered to
military personnel during the 1991 Gulf War,
when as many as 150,000 United States service

embers received one to two doses.1,2 Beginning in
998, the U.S. Department of Defense (DoD) initiated
he Anthrax Vaccine Immunization Program, which
egan to vaccinate all 2.4 million U.S. service members,
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tarting with those assigned to high-threat areas.1,3

ecause of a low supply of the anthrax vaccine and
ther complications, the DoD scaled down vaccination
fforts in 2000, but still attempted to vaccinate service
embers deployed to specific high-risk areas.1,4 Nu-
erous public anecdotal reports questioning the safety

f the anthrax vaccine have prompted much research
n the subject. Service members’ immunizations, in-
luding the anthrax vaccination, were captured elec-
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ronically beginning only in 1998, forcing early studies
o rely on paper records or self-report of anthrax
accination history,5–9 underscoring the importance of
nvestigating the veracity of anthrax vaccination data.

Although previous studies have used self-reported
nthrax vaccination data, the accuracy of self-report
or anthrax vaccination has not been well estab-
ished.6,10–14 Most studies on adult vaccinations to date
ave shown that self-report is a moderately reliable
ethod to determine an individual’s vaccination sta-

us.10,15–18 Research examining the validity of adult
nfluenza and pneumococcal vaccination data indicate
elf-report to be highly sensitive (70%–100%) and
oderately specific (22%–89%).15,17,19,20 These studies

lso show that self-reported influenza vaccination is
ore sensitive (94%–100%) than other self-reported

accinations such as the pneumococcal vaccination
70%–97%). This may be due in part to shorter recall
ime, because the influenza vaccine is administered
nnually while the pneumococcal vaccine is usually
dministered only once.15,19,20 Using limited anthrax
accine data from the 1991 Gulf War, the sensitivity of
elf-reported anthrax vaccination among Gulf War vet-
rans was 73.9%.10 However, among Gulf War veterans
ith a documented anthrax vaccination, self-reported
orbidity, including functional impairment, hospitaliza-

ion, and limitation of employment, was higher among
hose who self-reported receiving the anthrax vaccine
ompared with those who reported not receiving or not
nowing if they received the vaccine. Additional research
uggests that 1991 Gulf War service members who used a
accination record to self-report data were more likely to
eport receiving an anthrax vaccine compared with those
ho did not use a record, indicating some may have

orgotten that they received the vaccine.12 These studies
uggest that self-reported anthrax vaccination data may be
ubject to recall and reporting bias. The purpose of this
tudy is to compare the concordance of self-reported
nthrax vaccination from a large, population-based
ohort study with electronic vaccination records. Fur-
her, baseline measures of health will be described
ithin the cohort to evaluate the relationship between

ubjective and objective vaccine history and health
utcome data.

ethods
opulation and Data Sources

he Millennium Cohort Study was launched in 2001 to
valuate risk factors related to military service that may be
ssociated with long-term adverse health outcomes.21,22 The
7,047 participants used for these analyses enrolled in the
tudy between 2001 and 2003, and were demographically
epresentative of the invited sample. Participants deployed to
he first Gulf War between 1990 and 1991 were excluded from
he study population (n�9251) because the electronic vacci-

ation database was not launched until 1998, and during the m

48 American Journal of Preventive Medicine, Volume 32, Num
ulf War it was common to receive anthrax vaccination. Of
he remaining 67,796 participants, 67,018 (98.9%) indicated
hether they had ever received an anthrax vaccination, and

hey form the basis of this study. These analyses were con-
ucted between September 2005 and February 2006.
Demographic data were obtained from the Defense Man-

ower Data Center, and included gender, birth date, highest
ducation level, marital status, race/ethnicity, pay grade,
ervice component (active duty or Reserve/Guard), service
ranch (Army, Navy, Coast Guard, Air Force, and Marines),
ccupation, and previous deployment experience to South-
est Asia, Bosnia, or Kosovo. Electronic anthrax vaccination

tatus was determined from records maintained by the De-
ense Eligibility and Enrollment Reporting System (DEERS)
t the Defense Manpower Data Center, Monterey Bay CA.
ospitalization data were obtained from the computerized
atabases of standardized discharge diagnoses for hospitaliza-
ions within the Military Health System and for hospitaliza-
ions billed to the DoD by nonmilitary facilities. These
atabases contain hospitalization summaries including dates
f admission and discharge, and up to eight individual
ischarge diagnoses for each encounter, which are uniformly
oded across U.S. military services. These data were linked by
nique identifier to Millennium Cohort Study participants.
The baseline Millennium Cohort questionnaire consists of

7 items, including questions regarding vaccination, func-
ional status, mental health, and other morbidity. Two ques-
ions regarding anthrax vaccination were asked. The first,
Have you ever received the anthrax vaccine?” was followed by
If YES, how many shots of the anthrax vaccine have you
eceived?” To compare differences in functional and mental
tatus, the Medical Outcomes Study 36-Item Short Form
ealth Survey for Veterans (SF-36V) was used.23–26

he SF-36V uses standardized scoring algorithms to assess
ight health constructs: physical functioning, role limitations
aused by physical problems, bodily pain, general health,
itality, social functioning, role limitations caused by emo-
ional problems, and mental health.

tatistical Analyses

accination concordance status was separated into four cate-
ories: respondents who self-reported not being vaccinated
ith concurrence from the electronic records, respondents
ho self-reported being vaccinated but electronic records

howed no vaccination, respondents who self-reported not
eing vaccinated but electronic records showed at least one
nthrax vaccination, and respondents who self-reported re-
eiving vaccination with concurrence from the electronic
ecords.

Descriptive measures were calculated to evaluate self-
eported vaccination status compared with electronic vacci-
ation records. Percent self-reporting vaccination among all
articipants with electronic documentation of anthrax vacci-
ation, and percent self-reporting no vaccination among all
articipants with no electronic record of vaccination are
eported.

The kappa statistic was used to measure the degree of
onrandom agreement between self-reported anthrax vacci-
ation and electronic anthrax vaccine records.27 Defined-
greement levels included “greater than substantial agree-

ent” as a kappa (�) between 0.8 and 1.0, “substantial

ber 4 www.ajpm-online.net
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greement” (��0.6–0.8), “moderate agreement” (��0.4–
.6), “fair agreement” (��0.2–0.4), and “slight or poor
greement” (��0.0–0.2).28 A weighted kappa statistic was
sed to investigate the concordance between the number of
elf-reported anthrax vaccinations and the number of vacci-
ations recorded in the electronic database, including only
articipants who were identified as vaccinated by both
ources.

Multivariable logistic regression was performed to evaluate
ssociations between hospitalization and vaccination concor-
ance status. Participants were classified as hospitalized if they
ere hospitalized for any cause, except for child-bearing
easons, in the 12 months prior to completing the survey.
nalysis of covariance was performed to evaluate the associa-

ion between functional status (SF-36V) and vaccination
oncordance. Functional status scales were scored with in-
reasing score reflecting better functional health.23–26 Im-
uted values were used for missing questions if the respon-
ent answered at least half of the questions in a scale. Values
ere imputed based on the mean of the score for the
omplete portion of that scale. If more than one half of the
uestions in a scale were missing the participant was not

ncluded in the analysis for that scale. Both logistic regression
nd analysis of covariance modeling adjusted for all demo-
raphic and military-specific variables. All data analyses were
ompleted using SAS software (version 9.1, SAS Institute,
nc., Cary NC, 2004).

esults

f the 67,796 Millennium Cohort participants that
ere not deployed to the first Gulf War, 67,018 (98.9%)
ompleted the anthrax vaccination survey question.
ost self-reported they had never received an anthrax

accination (n�46,945; 70.0%). This agreed with elec-
ronic vaccination records for 46,612 (69.6%) partici-
ants. Participants who reported receiving an anthrax
accination (n�20,073; 30%) and also had an elec-
ronic record indicating vaccination included 15,041
22.4%) participants. The remaining 5365 (8.0%) par-
icipants had discordant results. Most discordance was
efined by self-reported receipt of vaccination, whereas
lectronic records indicated no vaccination (n�5032;
.5%). Finally, 333 (0.5%) participants reported not
eceiving a vaccination despite the indication of one or
ore anthrax vaccinations in the electronic records.
The demographic characteristics of these four vacci-

ation groups were compared (Table 1). A greater
roportion of those who had an electronically confirmed
elf-reported vaccination (concordant vaccinated) were
ale; previously deployed to Southwest Asia, Bosnia, or
osovo; active duty; Air Force or Marine service members;
nd worked as combat or electrical/mechanical repair
pecialists than those whose self-report of not receiving a
accination was confirmed by absence of an electronic
ecord of vaccination (concordant unvaccinated). When
ompared with concordant vaccinated participants,
roportionately more participants who self-reported

eing vaccinated without electronic confirmation were t

pril 2007
n transitional occupations (relative %�2.1), in the
avy or Coast Guard (2.0), older (1.6), less educated

1.4), and Reserve/Guard members (1.4).
Of all participants with electronic documentation of

nthrax vaccinations, 98% self-reported being vacci-
ated, and of all participants with no electronic record
f vaccination, 90% self-reported not receiving a vacci-
ation (Table 2). The kappa statistic indicated greater

han substantial agreement (��0.80). Of those whose
elf-report and electronic record reflected anthrax vac-
ination (concordant vaccinated) there was moderate
greement (weighted ��0.53) for the number of an-
hrax vaccinations received.

Among active-duty service members, hospitalization
ates for any cause in the year prior to survey partici-
ation were not significantly different between the
accination groups, after adjustment for gender, age,
ducation, marital status, race/ethnicity, previous de-
loyment experience, pay grade, service component,
ervice branch, and occupation (Table 3).

Adjusted SF-36V mean scores ranged from 62 to 95
or all participants (Table 3). Means were adjusted for
ender, age, education, marital status, race/ethnicity,
revious deployment experience, pay grade, service
omponent, service branch, and occupation. Although
F-36V adjusted mean scores were relatively high for all
unctional health components in each vaccination
roup, significantly lower scores for all eight compo-
ents were found among participants whose electronic
ecords reflected no vaccination but who self-reported
eceiving the anthrax vaccination when compared to
roups with concordant status. Additionally, the ad-
usted mean score for role limitations because of
hysical problems was significantly higher among the
oncordant vaccinated group compared with the
oncordant unvaccinated group.

iscussion

revious studies have used self-reported anthrax vacci-
ation status to compare vaccinated and unvaccinated
articipants on subjective and objective health mea-
ures.6,10,12,13 However, the validity of self-reported
nthrax vaccination has not yet been well established.
verall, self-report and electronic records of vaccina-

ion were very consistent, with 92% of participants
aving identical responses from the two sources. Agree-
ent levels28 suggest that the overall kappa demon-

trates greater than substantial agreement between
lectronic and self-reported anthrax vaccination
��0.80). Participants with electronic documentation
f anthrax vaccinations also reported vaccination 98%
f the time, which is higher than in a similar study
onducted by Mahan et al.,10 where sensitivity of self-
eported anthrax vaccination among Gulf War veterans
as found to be 74%. The lower agreement in vaccina-
ion status, however, found by Mahan et al.,10 may be

Am J Prev Med 2007;32(4) 349
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able 1. Characteristics of Millennium Cohort Study participants by anthrax vaccination status

haracteristic

Anthrax vaccination statusa

Study sample
n�67,018
%b

Concordantc

unvaccinated
n�46,612
n (%)

Discordantc

self-report
vaccinated
n�5032
n (%)

Discordantc

electronic
vaccinated
n�333
n (%)

Concordant†c

vaccinated
n�15,041
n (%)

ender
Male 71.5 31,517 (67.6) 4041 (80.3) 254 (76.3) 12,110 (80.5)
Female 28.5 15,095 (32.4) 991 (19.7) 79 (23.7) 2,931 (19.5)

ge (years)
17–24 21.4 9,634 (20.7) 1230 (24.4) 107 (32.1) 3,364 (22.4)
25–34 35.7 15,586 (33.4) 1611 (32.0) 144 (43.2) 6,564 (43.6)
35–44 30.1 14,412 (30.9) 1622 (32.2) 71 (21.3) 4,073 (27.1)
�44 12.8 6,962 (14.9) 565 (11.2) 11 (3.3) 1,038 (6.9)
Unknown 0.0 18 (0.0) 4 (0.1) 0 (0.0) 2 (0.0)

ducation
High school or less 48.6 22,988 (49.3) 3015 (59.9) 201 (60.4) 6,390 (42.5)
Some college 25.7 10,848 (23.3) 1065 (21.2) 79 (23.7) 5,253 (34.9)
Bachelor’s degree 16.8 8,260 (17.7) 630 (12.5) 37 (11.1) 2,344 (15.6)
Master’s/PhD 8.8 4,511 (9.7) 322 (6.4) 16 (4.8) 1,054 (7.0)
Unknown 0.0 5 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
arital status
Not married 39.2 18,271 (39.2) 2091 (41.6) 164 (49.3) 5,710 (38.0)
Married 60.9 28,341 (60.8) 2941 (58.5) 169 (50.8) 9,331 (62.0)

ace/ethnicity
White non-Hispanic 70.1 32,702 (70.2) 3573 (71.0) 191 (57.4) 10,477 (69.7)
Black non-Hispanic 13.2 6,167 (13.2) 615 (12.2) 76 (22.8) 1,972 (13.1)
Other 16.4 7,548 (16.2) 818 (16.3) 64 (19.2) 2,564 (17.1)
Unknown 0.4 195 (0.4) 26 (0.5) 2 (0.6) 28 (0.2)

ecent deployment experience
Deployment experience 29.1 8,893 (19.1) 2140 (42.5) 129 (38.7) 8,336 (55.4)
No deployment 70.9 37,719 (80.9) 2892 (57.5) 204 (61.3) 6,705 (44.6)
ilitary pay grade
Enlisted 77.3 35,344 (75.8) 4190 (83.3) 287 (86.2) 11,965 (79.6)
Officer 22.7 11,268 (24.2) 842 (16.7) 46 (13.8) 3,076 (20.5)

ervice component
Reserve/Guard 53.4 24,867 (53.4) 1420 (28.2) 80 (24.0) 3,058 (20.3)
Active duty 46.7 21,745 (46.7) 3612 (71.8) 253 (76.0) 11,983 (79.7)

ranch of service
Army 46.7 25,573 (54.9) 1563 (31.1) 115 (34.5) 4,030 (26.8)
Air Force 29.9 12,118 (26.0) 1033 (20.5) 95 (28.5) 6,768 (45.0)
Navy/Coast Guard 18.6 7,359 (15.8) 2023 (40.2) 90 (27.0) 2,957 (19.7)
Marines 4.9 1,562 (3.4) 413 (8.2) 33 (9.9) 1,286 (8.6)
ccupational category
Combat specialists 19.6 8,546 (18.3) 1034 (20.6) 78 (23.4) 3,473 (23.1)
Electronic repair 8.9 3,656 (7.8) 57 (11.4) 24 (7.2) 1,705 (11.3)
Communications/intel 7.1 3,267 (7.0) 380 (7.6) 18 (5.4) 1,100 (7.3)
Healthcare specialists 10.6 5,863 (12.6) 303 (6.0) 21 (6.3) 906 (6.0)
Other technical 2.6 1,163 (2.5) 137 (2.7) 8 (2.4) 440 (2.9)
Functional support 20.5 10,341 (22.2) 852 (16.9) 77 (23.1) 2,463 (16.4)
Electrical/mechanic 14.4 5,480 (11.8) 1061 (21.1) 60 (18.0) 3,074 (20.4)
Craft workers 3.1 1,379 (3.0) 157 (3.1) 6 (1.8) 541 (3.6)
Service support 8.3 4,088 (8.8) 363 (7.2) 29 (8.7) 1,104 (7.3)
Trainees, others 4.8 2,813 (6.0) 172 (3.4) 12 (3.6) 234 (1.6)
Unknown 0.0 16 (0.0) 2 (0.0) 0 (0.0) 1 (0.0)

All unadjusted associations between anthrax vaccination status and individual characteristics were statistically significant (p�0.01).
Percents may not sum to 100 due to rounding.
Concordant unvaccinated: both self-report and electronic database reflect no vaccination; discordant self-report vaccinated: self-reported

accination but electronic database reflects no vaccination; discordant electronic vaccinated: self-reported no vaccination but electronic database
eflects vaccination; concordant vaccinated: both self-report and electronic database reflect vaccination.

50 American Journal of Preventive Medicine, Volume 32, Number 4 www.ajpm-online.net
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ecause of a longer period between vaccination and
ecall in addition to differences in sample size and
opulation.
Individuals whose electronic and self-reported an-

hrax vaccination status did not agree were more likely
o be in transitional occupations, Navy/Coast Guard
ervice members, older, less educated, and Reserve/
uard members when compared with participants
hose electronic and self-reported vaccination status
ere in agreement. Previous studies have found lower
ducation to be associated with lower rates of re-
ponse,29 higher rates of refusal,30,31 and lower rates of
eliability in self-reported data,32,33 similar to the cur-
ent study. Service-specific differences and differences
ound between Reserve/Guard and active-duty sub-
roups may be because of variations in procedures for
eporting of vaccinations.

able 2. Agreementa between self-reported anthrax
accination and electronic records

Electronic record

elf-report Vaccine No vaccine

accine 15,041 5,032
o vaccine 333 46,612

Agreement measures for self-report are as follows: kappa�0.80; 98%
f participants with electronic documentation of anthrax vaccination
elf-reported being vaccinated, 90% of participants with no electronic
ecord of vaccination self-reported not receiving a vaccination.

able 3. Adjusted odds of hospitalization and adjusted mean
articipantsa by anthrax vaccination status

ealth outcome
Concordantb

unvaccinated

Di
se
va

OR (95% CI)c O

ny cause hospitalizationd 1.00 1.

F-36Ve Mean M

Physical functioning 92.11 89
Role physical 93.91 91
Bodily pain 78.51 74
General health 80.31 76
Social functioning 88.81 85
Role emotional 94.31 92
Mental health 80.21 78
Vitality 64.41 62

Participants with missing covariate data (n�294) or whose SF-36V co
ere removed from analyses (n varies by component, maximum rem
Concordant unvaccinated: both self-report and electronic database r
elf-reported vaccination but electronic database reflects no vaccin
lectronic database reflects vaccination; concordant vaccinated: both
Odds ratio (OR), 95% confidence interval (CI), and mean are adjus
tatus, pay grade, service component (SF-36V only), service branch,
Hospitalization analysis includes active-duty service members only, a
SF-36V, Medical Outcomes Study 36-Item Short Form Health Surve
,2,3
Different numbers indicate vaccination status scores that are significant
ultiple comparisons.

pril 2007
For all eight functional status components, partici-
ants whose self-reported vaccination was not con-
rmed by electronic record had lower adjusted mean
cores, indicating worse health. These participants also
ad lower unadjusted means compared with national
orms for ages 18–64 years for four of the eight
cales.34 The other three vaccination status groups had
igher unadjusted means compared with the national
orms for all components, except the concordant
nvaccinated group, which had a lower bodily pain
core. Although there has been little research to date
inking anthrax vaccination concordance to functional
ealth, at least one other previous study has indicated

hat individuals who otherwise fit our definition
f “vaccination concordant” self-report significantly
igher levels of functional impairment, healthcare uti-

ization, and selected medical conditions.10 In contrast,
hose in our study whose self-report of vaccination was
onfirmed in the electronic database did not have
ignificantly lower functional status scores, compared
ith those who self-reported and were confirmed un-
accinated. These results may indicate there are a small
ercentage of participants with lower functional status
ho reported being vaccinated that either did not
ctually receive an anthrax vaccine or received one that
ailed to show up in the electronic database. Although
he likelihood exists that not all anthrax vaccinations
re being documented in the military electronic data,
hese results may also suggest a small amount of report-

F-36V health scores among Millennium Cohort

Anthrax vaccination status

antb

ort
ted

Discordantb

electronic
vaccinated

Concordantb

vaccinated

% CI) OR (95% CI) OR (95% CI)

.88–1.32) 1.61 (0.89–2.90) 0.95 (0.82–1.09)

Mean Mean

92.11,2 92.51

94.21,3 94.63

79.61 78.81

81.51 80.61

89.61 89.01

93.71,2 94.71

80.71 80.31

66.61 64.51

ent could not be scored due to insufficient questionnaire responses
347).
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ng and/or recall bias with this question in the Millen-
ium Cohort questionnaire.
There are notable limitations to these analyses that

hould be mentioned. The study population consists of
sample of responders to the Millennium Cohort

uestionnaire, and may not be representative of the
.S. military population in general. Those who might
e severely ill may not choose to respond or have the
apacity to do so. The kappa statistic is dependent on
he true prevalence of the variable being examined,
ith the kappa statistic tending toward zero as the true
revalence approaches 0 or 1.35 However, because a
onsiderable percentage of U.S. military service mem-
ers were receiving anthrax vaccines from the late
990s to the early 2000s, this dependence on preva-
ence should not substantially affect these findings. It
hould be noted that the electronic vaccination data-
ase includes anthrax vaccinations only from 1998
nward. However, those that were most likely to have
eceived the anthrax vaccine before 1998, namely those
eployed to the first Gulf War, were excluded from this
tudy. Additionally, quantifying the level of incomplete
ocumentation in the DoD electronic vaccination data-
ase for anthrax vaccination remains a challenge. Med-

cal records, if available, may have provided additional
accination history. Recent research, however, shows a
trong level of agreement between electronically
aintained anthrax vaccination records and anthrax

accination data abstracted from medical charts.36

Despite these limitations, this study has several
trengths. The large sample size allowed for the robust
omparison of self-report and objective measures of
nthrax vaccination. Furthermore, this study was able
o link both objective and subjective measures of mor-
idity to self-reported and electronically recorded vac-
ination status. This has not been previously done in a
ingle population.

In summary, military service members represent a
nique population that relies on advanced protection
uring deployment and combat situations. Vaccines
gainst biologic agents are an important component of
rotection. It is of further importance to the healthcare
ommunity to be able to document the use of vaccines,
uch as anthrax, and investigate potential associations
etween vaccination and morbidity.7,37–39 This analysis
ound that most people accurately recall their vaccina-
ion history. In addition, no differences in health, as
efined objectively by morbidity severe enough to
equire hospitalization, were found by vaccine history.
owever, service members who self-reported receiving

he anthrax vaccine with no objective evidence of
accination reported more health difficulties. Further
nvestigation into this subset will add important insight
nto those who may indiscriminately report more expo-

ures as well as more health challenges.
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