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bstract

ackground: To assess any health consequences of the anthrax vaccination programme in UK Armed Forces deployed to Iraq.
ethods: Data were collected from two samples simultaneously. The first was 5302 randomly selected UK service personnel. The second
as 607 service personnel involved in a longitudinal study, where pre-vaccination health had previously been collected. Both samples were
ffered the anthrax vaccination before they deployed to Iraq in 2003 and subsequently following their service in Iraq. Participants completed
detailed questionnaire, including a range of health outcomes, receipt of the anthrax vaccination and quality of choice.
esults: Seventy-two percent of the combined sample had the anthrax vaccination. Being a member of the Army, a commissioned officer or a

eservist was associated with higher uptake. No differences in self-reported health were observed between those who did and did not receive
he vaccination. For participants who accepted the vaccination, we found an association between making an uninformed choice and adverse
ealth. After adjustment for baseline health in the longitudinal cohort these associations remained significant.

onclusions: Anthrax vaccination used by the UK Armed Forces in preparation for the Iraq War has not resulted in adverse health outcomes.
owever, of those who did accept the vaccination, reported side effects were related to whether acceptance of vaccination was perceived to
e informed. Improving the quality of choice may improve self-reported ill health.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Vaccination safety has become an increasing cause of
ublic anxiety, triggered in part by the Measles, Mumps
nd Rubella (MMR) vaccination crisis. This has contributed
o, and was symptomatic of, a general scepticism towards
accination. Concurrent with this general anxiety about vac-
inations is a focus on risk rather than benefit in public
iscussion about vaccination, resulting in greater emphasis

eing placed on the concept of informed choice [1].

The 1991 Gulf War (GW), and subsequent ill health of
ervice personnel [2–4], created an atmosphere within the

∗ Corresponding author. Tel.: +44 207 848 5425.
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ilitary not dissimilar to that caused by the MMR crisis in the
eneral population. Following the Gulf War, many veterans
eported poorly defined illnesses, and many veterans as well
s the media, attributed these to the anthrax vaccination [5].
wo epidemiological studies linking the use of anthrax vac-
ination to symptomatic ill health in GW veterans showed a
odest (OR = 1.4 and 1.5) association between self-reported

nthrax vaccination and multiple physical symptoms [2,6].
uch findings, however, have not been replicated in subse-
uent studies, where the participants were not limited to GW
eterans [7–10].
In the build-up to the 2003 Iraq War, the UK Ministry
f Defence (MoD) offered the anthrax vaccination as part
f the preparation of service personnel prior to deployment.
he anthrax vaccination was offered on a voluntary basis

mailto:dominic.murphy@iop.kcl.ac.uk
dx.doi.org/10.1016/j.vaccine.2007.08.065
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upported by a Vaccine Information Programme (Voluntary
mmunisation Programme), which consisted of video and
ritten information, intended to facilitate informed choices.
ersonnel were then given a “cooling off” period before being

nvited to sign a consent form. This move reflected changes
n society away from medical paternalism and towards med-
cal consumerism, underpinned by informed choice, and was
ntended to increase confidence in the anthrax vaccination
rogramme. It was also a response to the problems asso-
iated with the vaccination following the 1991 Gulf War.
owever, in a previous paper we identified that the volun-

ary policy may have instead increased concerns and failed to
ddress the negative health associations that were perceived
o exist [11]. The full vaccination programme consists of four
njections and an annual booster. The administration of the
nthrax vaccinations was spaced-out with typically 2/3 weeks
etween injections. Service personnel also received other
outine vaccinations (e.g. tetanus, typhoid, yellow fever and
epatitis A). Whilst these were administered over the same
ime period in preparation for the 2003 Iraq War, other vacci-
ations were not administered on the same day as the anthrax
accination.

.1. Aims

The aims of this paper were: to test the hypothesis that
he vaccination is associated with adverse health outcomes;
o determine whether uninformed choice to receive anthrax
accinations is associated with health outcomes; and, with a
econd sample of individuals, to control for pre-vaccination
ealth to reduce confounding by negative affect.

As computerised anthrax vaccination records were
ncomplete we assessed the level of agreement between
elf-reported and recorded anthrax vaccination to decide
he appropriateness to use self-reported information on vac-
ination in the analysis. We have used a definition of
nformed choice supported by research that has identi-
ed three aspects: knowledge, attitude, and the congruence
etween actual choice and behaviour [12]. Given this per-
pective an informed choice is defined as one that is based
n relevant knowledge, consistent with the decision-maker’s
alues and behaviourally implemented.

. Methods

We carried out this study with two cohorts: an Iraq War
nd a screening cohort.

.1. Iraq War cohort

We conducted a cross-sectional study of UK Armed Forces
ersonnel. Two groups were randomly selected: individuals

ho had deployed to the first phase of the Iraq War (Operation
ELIC 1), and a control population who were serving at the

ime but did not deploy on this operation which we labelled
ERA”. Subsequent to the populations being defined, many of

e
J
i
s
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he ERA cohort deployed on later TELIC operations in Iraq.
e have restricted our analysis to those personnel who had

eployed on any Operation TELIC, which we have defined
s our Iraq War cohort. These individuals had all been offered
he anthrax vaccination under identical consent procedures. A
etailed description of the sampling, stratification and meth-
ds employed for contacting respondents for the Iraq War
ohort can be found elsewhere [13]. Participants were pro-
ided with information about the study and were informed
hat it was voluntary and that they could withdraw at any
tage.

Between June 2004 and March 2006 participants were
sked to complete a detailed questionnaire including ques-
ions regarding vaccination uptake, level of informed choice
o accept or decline the anthrax vaccination, side effects
irectly attributed to the vaccination and in a separate section
ot dealing with vaccinations a range of health outcomes.
hysical symptoms were recorded using a 53-item checklist
2], symptoms of common mental disorder were measured
sing the General Health Questionnaire 12 (GHQ-12) [14],
atigue was assessed using a 13-item fatigue scale [15], self-
erception of health was measured using a single item from
he SF-36 (‘In general, how would you rate your health?’,
oor/Fair/Good/Very Good/Excellent) [16], and symptoms
f post-traumatic stress disorder (PTSD) were measured
sing the 17-item National Centre for PTSD checklist (PCL-
) [17]. The criteria for case definitions were 4 items or above
n the GHQ-12 and fatigue scales, rating health as “poor” or
air”, a score of 50 or more on the PCL-C, 11 or more, and 18
ymptoms or more (above the 75th and 90th percentile). We
sed two cut-offs in our assessment to provide an overview
elated to number of symptoms as a proxy measure of sever-
ty. Informed choice was measured using three items adapted
rom the Ottawa Conflict Decision Scale [18]. Participants
ere defined as making an informed choice if they did not

eel pressure to accept the vaccination; were satisfied with
heir decision; and would repeat their decision in the future
if they accepted the vaccination, they would do so again if
ffered, and vice versa). The informed choice variable had a
oderately high Cronbach’s alpha of 0.61.

.2. Screening cohort

In 2002, we conducted a study to test the feasibility of
creening to assess psychological health in the UK Armed
orces. Two groups were randomly selected to receive either
full or an abridged questionnaire. The three services were

epresented by their relative strength at July 2001. Units
regiments, ships, etc.) were randomly selected, and 45 indi-
iduals were randomly selected from each unit. After taking
nto account those participants without a valid address the
esponse rate was 67% (n = 2873). Further details are reported

lsewhere [19]. Subsequent to the invasion of Iraq, between
une 2004 and March 2006, 2730 of these participants were
nvited to complete a second questionnaire. This follow-up
tudy was conducted simultaneously with the Iraq War cohort
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s described above [13]. It therefore offered an opportunity
o look at the influence of pre-deployment, and therefore
re-vaccination, psychological variables on post-vaccination
ealth.

In this paper we have restricted our analysis to participants
ho responded to the follow-up study and went on to deploy

o Iraq and who were offered the anthrax vaccination as part
f their pre-deployment preparations. The participants in the
creening cohort do not overlap with those in the Iraq War
ohort.

From the 2002 questionnaire, we used the health outcome
easures that were common to both the full and the abridged

ersions. We elected to use measures common to both ques-
ionnaires to maximise our sample size. Participants were
sked to complete a range of health outcomes. These included
n assessment of health status using a single item from the
F-36 [16] (“in general, how would you rate your health?
oor/Fair/Good/Very Good/Excellent), five-item symptom
hecklist selected from a previously used questionnaire [2],
nd symptoms of common mental health disorders were
easured on using four items from the General Health Ques-

ionnaire (GHQ-4) [14]. The criteria for case definitions were
wo items or above on the GHQ-4, rating health as “poor” or
air”, and scoring three mild or combinations of mild and
oderate or at least one severe symptom on the five-item

ymptom checklist.

.3. Assessing agreement between medical records and
elf-reported uptake of anthrax vaccination

Complete electronic vaccination records for all three
ervices do not exist, so agreement between self-reported
nthrax vaccination uptake and paper medical records was
ssessed. We decided to assess agreement in 10% of our
ample. A sub-sample of approximately 12% was selected,
tratified by service and rank, all of which had given consent
o access their medical records. A member of the research
eam (DM) visited military medical centres and collected
ata on anthrax vaccination uptake, for the period 31 July
002–31 June 2003. To avoid missing data, deployment
edical records (which are updated with vaccinations admin-

stered during deployment) were requested in addition to
tandard medical records (‘FMed 4’).

.4. Analysis

Kappa statistics were used to assess level of agreement
etween self-reported and documented vaccine uptake. For
he Iraq War cohort, multivariable logistic models were fit-
ed to identify demographic variables associated with anthrax
accination uptake and making an uninformed choice. Logis-
ic regression was used to calculate odds ratios and 95%

onfidence intervals in assessing the association between
ealth outcomes and anthrax vaccination uptake. For partici-
ants who had the vaccination, odds ratios were generated for
he association between uninformed choice and health out-

3
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omes. Analyses using the Iraq War cohort were weighted to
ake into account sampling fractions.

Within the screening cohort comparison was made
etween baseline health and later anthrax vaccination uptake.
ollow-up health and uptake were then assessed control-

ing for baseline health. We compared baseline health and
ater quality of informed choice to undergo vaccination and
nally, we assessed associations between making uninformed
hoice to undergo vaccination and reported adverse health,
ontrolling for baseline health.

Analyses were adjusted for service (Naval Services, Army
nd RAF), rank (whether officer or not), gender, age, med-
cal fitness and enlistment status (regular or reserve) and
ere conducted using STATA 9 (Stata Corporation, College
tation, TX, USA).

. Results

.1. Agreement between self-reported uptake of anthrax
accination and medical records

Six hundred and thirty-two records were selected. The
esearch team were able to access 507 records (80%). Hun-
red and twenty-five records were unavailable for individuals
ho had been posted to other bases or who had left service.
ubstantial agreement (Kappa = 0.81; 95% CI 0.73–0.90)
as found between questionnaire self-report and written
edical records recording anthrax vaccination. We found
level of agreement of 92%. The positive agreement for

ccepting the vaccination was 95%, and the negative was
6%, thus justifying the use of self-reported vaccination in
he analysis.

.2. Iraq War cohort

Ten thousand two hundred and seventy-two (61%) of the
ontacted sample responded to the questionnaire, of whom
302 participants were assigned to our Iraq War cohort and
ncluded in these analyses. Hundred and sixty (0.9%) refused
o participate in the study. Of the responders, 13% were in
he Naval Services, 68% Army and 19% Royal Air Force
RAF). Nine percent of the samples were female, 17% com-
issioned officers and 17% reservists. The median age was

2.2 years (inter-quartile range 26.4–38.2). In an intensive
ollow-up study of non-responders already reported, non-
esponse was largely due to our difficulty in finding people
r participant inertia, with no significant differences between
esponders and non-responders in terms of health [13]. Fur-
hermore, there was no significant difference in rates of

edical “downgrading” (a measure of general overall health)
etween responders and non-responders [20].
.2.1. Comparison of those who took the anthrax
accination and those who did not

Three thousand eight hundred and twenty-one (72%) had
he anthrax vaccination. The Army coverage was 78%, for
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Table 1
Factors associated with receiving the vaccination (anthrax vaccine uptake = 72.1%)

No anthrax vaccine Anthrax vaccine OR 95% CI Adjusted odds ratioa

n (%)b n (%)b OR 95% CI

Service
Naval Services 295/713 (42) 418/713 (58) 1.00 1.00
Army 764/3588 (22) 2824/3588 (78) 2.56 2.16–3.04 3.90 3.24–4.70
RAF 422/1001 (43) 579/1001 (57) 0.94 0.77–1.15 1.11 0.90–1.37

Rank
Ranks 1311/4420 (31) 3109/4420 (69) 1.00 1.00
Officer 170/882 (19) 712/882 (81) 1.84 1.53–2.21 2.32 1.89–2.86

Sex
Male 1376/4824 (29) 3448/4824 (71) 1.00 1.00
Female 105/478 (24) 373/478 (76) 1.34 1.07–1.69 1.32 1.02–1.70

Status
Regular 1317/4400 (30) 3083/4400 (70) 1.00 1.00
Reservist 164/902 (18) 738/902 (82) 1.92 1.60–2.30 1.75 1.42–2.16

Age
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Per 10 years 32.1 years Median 32.3 years
a Adjusted for service, rank, sex, regular/reservist status, age 10.
b Percentages adjusted to take account of sampling fractions.

he Naval Services 58% and for the RAF 57%. Anthrax vac-
ination uptake was significantly associated with being, in
he Army, an officer, female or a reservist (Table 1).

.2.2. Description of health effects associated with
nthrax vaccination uptake

No significant differences were observed in the self-
eported health outcomes between those who had the anthrax
accination and those who did not, except for multiple symp-
oms (Table 2). We found no association when the cut-off was
1 (OR 1.09; 95% CI 0.94–1.26) but did when the cut-off
as 18 (1.36; 1.10–1.69). The positive association between

eporting 18 or more symptoms and having anthrax vacci-
ation disappeared when we adjusted for informed choice
1.00; 0.80–1.25).
.2.3. Factors predicting making an uninformed choice
o undergo vaccination

Four thousand one hundred and ninety-two (79%) partici-
ants reported making an informed choice regardless of their

3

2

able 2
elf-reported health comparisons between those who had and did not have anthrax

No anthrax vaccine Anthrax vaccine

n (%)b n (%

atigue case 457/1467 (31) 1292/3758 (3
HQ-12 282/1471 (19) 783/3774 (2
CL-C 62/1463 (4) 162/3759 (4
ealth perception 163/1475 (11) 453/3797 (1

ultiple physical symptoms
11+ 400/1481 (27) 1179/3821 (3
18+ 144/1481 (10) 509/3821 (1

a Adjusted for age 10, sex, service, rank, fitness to deploy and regular/reservist st
b Percentages adjusted to take account of sampling fractions.
edian 0.98 0.90–1.06 0.88 0.79–0.97

ecision to undergo vaccination or not. Of those who were
accinated, 2728 (71%) reported making an informed choice
o have the vaccination, compared to those who decline 1464
99%). In a multivariable logistic regression model, after
djustment being in the Army and being female were iden-
ified as predictors of uninformed choices (Table 3). Factors
hat reduced the likelihood of making an uninformed choice
ere being an officer, and being older.

.2.4. Impact of informed choice on health
These analyses were restricted to participants who chose

o be vaccinated. Table 4 shows that participants who made
ninformed choices reported worse health on a range of out-
omes. They were more likely to rate their health as “fair”
r “poor”, report 11+ or 18+ symptoms, and score above the
ut-offs on the GHQ-12, fatigue and PCL-C scales.
.3. Screening cohort

One thousand eight hundred and eighty-five (67%) of the
730 sample, first contacted in 2002, responded to the follow-

vaccination

Unadjusted odds ratio Adjusted odds ratioa

)b OR 95% CI OR 95% CI

4) 1.14 0.99–1.30 1.04 0.90–1.19
0) 1.09 0.93–1.27 1.03 0.87–1.22
) 1.06 0.88–1.29 0.90 0.65–1.25
1) 1.01 0.74–1.37 1.00 0.81–1.23

0) 1.17 1.03–1.35 1.09 0.94–1.26
3) 1.41 1.15–1.72 1.36 1.10–1.69

atus.
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Table 3
Factors associated with making an uninformed choice to undergo vaccination

Made informed choice Made uninformed choice Unadjusted odds ratio Adjusted odds ratioa

n (%)b n (%)b OR 95% CI OR 95% CI

Service
Naval Services 602/713 (84) 111/713 (16) 1.00 1.00
Army 2720/3588 (75) 868/3588 (25) 1.71 1.37–2.12 1.67 1.34–2.09
RAF 870/1001 (87) 131/1001 (13) 0.80 0.61–1.05 0.86 0.65–1.13

Rank
Ranks 3430/4420 (77) 990/4420 (23) 1.00 1.00
Officer 762/882 (86) 120/882 (14) 0.55 0.45–0.68 0.65 0.52–0.81

Sex
Male 3835/4824 (79) 989/4824 (21) 1.00 1.00
Female 357/478 (74) 121/478 (26) 1.37 1.09–1.71 1.42 1.12–1.79

Status
Regular 3454/4400 (79) 946/4400 (21) 1.00 1.00
Reservist 738/902 (82) 164/902 (18) 0.81 0.67–0.98 0.91 0.74–1.11

Age
M
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Per 10 years 32.7 years Median 30.3
a Adjusted for age 10, sex, service, rank, fitness to deploy and regular/res
b Percentages adjusted to take account of sampling fractions.

p questionnaire. A more detailed description of response
ates is described by Rona et al. [19]. Forty-four (1.6%)
ndividuals refused to participate. The sample used for this
aper consisted of 607 participants who had deployed to Iraq
ince 2003 and been offered the anthrax vaccination as part
f there preparations. Of these 22% were officers and 93%
ale. Thirteen percent were in the Naval Services, 53% in

he Army and 34% in the RAF. The median age was 34.4
ears (inter-quartile range 30.1–38.8).

.3.1. Comparisons between uptake of anthrax
accination and health
Assessments between baseline health outcome, pre-
accination, and vaccination uptake are described in Table 5.
o differences in pre-vaccination health were observed. In

he assessment of health following vaccination, a similar pat-

t
a
f
w

able 4
elf-reported health comparisons between those making an uninformed choice and

Made informed choice Made uninformed c

n (%)b n (%

ealth outcomes
Fatigue case 803/2685 (29) 489/1073 (4
GHQ-12 465/2699 (16) 318/1075 (2
PCL-C 83/2688 (3) 79/1071 (7
Health perception 251/2710 (9) 202/1087 (1

ultiple physical symptoms
11+ 700/2728 (25) 479/1093 (4
18+ 273/2728 (10) 236/1093 (2

ttributed to vaccine
Flu-like 1139/4192 (42) 698/1110 (6
Sore arm 1700/4192 (62) 810/1110 (7
Other side effects 172/4192 (6) 193/1110 (1

a Adjusted for age 10, sex, service, rank, fitness and regular/reservist status.
b Percentages adjusted to take account of sampling fractions.
edian 0.68 0.62–0.75 0.77 0.70–0.86

atus.

ern emerged, with no differences in the health between those
ho received the anthrax vaccination and those who did not.

.3.2. Impact of informed choice on health
We assessed possible associations between baseline health

easures and quality of informed choice to undergo vacci-
ation. Scoring above the pre-defined cut-offs on the GHQ-4
nd the symptom checklist in 2002 was associated with sub-
equently reporting making an uninformed choice to receive
he anthrax vaccination (Table 6). Two models were used
o assess associations between follow-up health and qual-
ty of informed choice (Table 6). The first model replicated

he analyses above with the Iraq War cohort, assessing
ssociations between informed choice and health adjusted
or socio-demographic factors. A similar pattern of results
as observed. Making an uninformed choice to receive the

informed choice to accept the anthrax vaccination

hoice Unadjusted odds ratio Adjusted odds ratioa

)b OR 95% CI OR 95% CI

5) 2.02 1.74–2.35 1.99 1.70–2.32
9) 2.11 1.78–2.49 2.09 1.76–2.48
) 2.58 1.86–3.57 2.23 1.59–3.14
8) 2.35 1.91–2.89 2.49 1.99–3.12

4) 2.36 2.03–2.75 2.40 2.05–2.81
1) 2.53 2.08–3.08 2.47 2.01–3.03

4) 2.53 2.18–2.94 2.53 2.17–2.95
4) 1.74 1.49–2.04 1.69 1.43–1.99
8) 3.59 2.85–4.52 3.57 2.81–4.54
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Table 5
Associations between baseline health and receipt of anthrax vaccination and between follow-up health and anthrax vaccination uptake, adjusted for baseline
health

No anthrax vaccine Anthrax vaccine Unadjusted OR Model 1a Model 2b

n (%) n (%) Odds 95% CI Odds 95% CI Odds 95% CI

Baseline health
GHQ-4 41/238 (17) 68/369 (18) 1.09 0.71–1.66 1.06 0.69–1.65
Health perception 23/238 (10) 42/369 (13) 1.20 0.71–2.05 1.15 0.66–1.99
Physical symptoms 31/238 (13) 61/369 (17) 1.32 0.83–2.11 1.26 0.78–2.05

Follow-up health
Fatigue 65/237 (27) 121/366 (33) 1.31 0.91–1.87 1.29 0.90–1.87 1.26 0.86–1.83
GHQ-12 40/238 (16.8) 73/369 (19.8) 1.22 0.80–1.87 1.27 0.82–1.97 1.25 0.79–1.98

Physical symptoms
11+ 62/238 (26) 117/369 (31.7) 1.32 0.92–1.90 1.31 0.90–1.90 1.28 0.86–1.91

1.25
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18+ 20/238 (8.4) 38/369 (10.3)
a Adjusted for age 10, sex, service, rank, regular/reservist status and fitne
b Adjusted for variables in Model 1 and baseline health (GHQ-4, health p

nthrax vaccination was significantly associated with report-
ng worse health on a range of health outcomes. These
ndings may be limited due to influences of recall bias, in
hich poor health leads to a perception that choices made
ere uninformed. We have found support for this from the

nalyses shown in Table 6 where significant associations
ere found between adverse baseline health and later making

n uninformed choice. After adjustment for baseline health
nd socio-demographics, those making an uninformed choice
o undergo anthrax vaccination reported significantly more
ommon symptoms of mental ill health (GHQ-4) and more
ymptoms of fatigue.

. Discussion

In the Iraq War cohort, there were three principal findings.

irst, there was substantial agreement between self-reported
accination and vaccination records; secondly, after adjust-
ent, no association was found between anthrax vaccination

nd adverse health for five of our six health outcomes, and

r
y
i
i

able 6
ssociations between baseline health and making an uninformed choice and betwe

or baseline health

Informed choice Uninformed choice Un

n (%) n (%) Od

aseline health
GHQ-4 83/506 (16) 26/101 (26) 1.7
Health perception 50/506 (10) 15/101 (15) 1.5
Physical symptoms 67/506 (13) 25/101 (25) 2.1

ollow-up health
Fatigue 141/505 (28) 45/98 (46) 2.1
GHQ-12 83/506 (16) 30/101 (30) 2.1

Physical symptoms
11+ 140/506 (28) 39/101 (39) 1.6
18+ 41/506 (8) 17/101 (17) 2.3

a Adjusted for age 10, sex, service, rank, regular/reservist status and fitness to de
b Adjusted for variables in Model 1 and baseline health (GHQ-4, health perceptio
0.71–2.21 1.18 0.66–2.10 1.04 0.55–1.97

ploy.
n and physical symptoms).

hirdly, making a perceived uninformed choice was asso-
iated with both reported side effects directly associated
ith the vaccination and more general subjective health
utcomes. In addition to these principal findings we were,
ith the screening cohort, able to examine the effect of
re-vaccination health. Differences in pre-vaccination health
ere observed between those individuals who later made

nformed and those who made uninformed choices to receive
he vaccination. Worse pre-vaccination health was associated
ith later making an uninformed choice to undergo vaccina-

ion. This may have reflected differences in negative affect
NA) between individuals. Individuals who reported making
ninformed choices may have had higher levels of NA and
ence reported worse health. Our findings suggest that, when
e control for confounding by NA, there is still a signifi-

ant association between making an uninformed choice to
ndergo vaccination and adverse health. It was observed that

eceipt of the anthrax vaccination was associated with being
ounger, in the Army, female, an officer or a reservist. We
nterrupt being younger and in the Army as representing the
nfantry troops who were frontline and may have seen them-

en follow-up health outcomes and making an uninformed choice, adjusted

adjusted OR Model 1a Model 2b

ds 95% CI Odds 95% CI Odds 95% CI

7 1.07–2.92 1.67 1.00–2.79
9 0.85–2.96 1.33 0.70–2.53
6 1.28–3.62 2.01 1.18–3.44

9 1.41–3.41 2.13 1.36–3.35 1.91 1.20–3.04
5 1.32–3.51 2.14 1.30–3.54 1.91 1.13–3.23

4 1.05–2.57 1.62 1.03–2.55 1.36 0.83–2.23
0 1.25–4.23 2.08 1.11–3.89 1.73 0.86–3.49

ploy.
n and physical symptoms).
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elves as more at risk, officers may have felt a need to set an
xample and reservists may have felt more at risk than their
egular counterparts. The higher uptake in women is intrigu-
ng; this may be accounted for by previously documented
ncreased likelihood of health seeking behaviour by women
21,22].

The study had several strengths. The sample was rep-
esentative of the wider Armed Forces, including all three
ervices, both officers and other ranks, and serving and ex-
erving personnel. We were able to ensure that the use of
elf-reported uptake of anthrax vaccination was highly reli-
ble. This was supported by research with the Millennium
ohort that found a similarly high level of agreement between
elf-reported receipt of the anthrax vaccination and medical
ecords (kappa = 0.80) [23]. The collection of longitudinal
ata for the screening cohort meant we had both pre- and
ost-vaccination health data. This allowed us to use dif-
erences in pre-vaccination health between individuals who
ade informed and uninformed choices as a proxy measure

or NA. In addition, pre-vaccination health was measured
ithout any reference to anthrax vaccination or choice. In the

ollow-up questionnaire the measure of anthrax vaccination
ptake and choice was embedded in a section of the ques-
ionnaire concerned with deployment experiences whilst the
uestions pertaining to health were in a later unrelated sec-
ion. This was an advantage because previous studies have
ound that individuals with higher NA were more likely to
ver report symptoms by misinterpreting common symptoms
s resulting from the intervention being studied [24,25]. Hav-
ng questions about anthrax vaccination and health in separate
ections may have minimised any framing effect as the health
easures were not linked to the questions about vaccination.

mportantly, the anthrax vaccination was offered to all par-
icipants at around the same time and under identical consent
rocedures.

A limitation of this paper is the reliance on retrospec-
ive data for measures of choice. Whilst the design of the
tudy allowed adjustment for pre-vaccination health, as a
roxy measure of NA, the ideal would have been to mea-
ure quality of choice at the time of vaccination. This was
owever logistically impossible during the preparations for
he 2003 war. We were not able to identify the reasons
or refusing the anthrax vaccination. In a previous paper
e identified that concerns about the anthrax vaccination
ere prevalent which may go some way to explain refusal

ates.
The study was conducted soon after a change of policy

rom traditional medical paternalism to offering the vaccina-
ion on an explicitly voluntary basis with informed choice.
he aim behind the change in policy was to increase con-
dence and uptake in the anthrax vaccination programme.
e have already suggested that singling out one vaccination
or special attention (as opposed to all the other vaccinations
outinely used by the Armed Forces) may have increased con-
erns for some, damaging trust and not addressing the context
urrounding vaccination [11].

a
d
a
h
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Anthrax vaccination coverage was generally high, with
overage for the Army highest, showing that before the Iraq
ar the threat of biological weapons was taken seriously. Our

ndings show no significant increase in adverse health out-
omes in those who received anthrax vaccinations compared
o those who did not, except when we used a cut-off of 18
hysical symptoms or more. We interpret this latter finding
s fortuitous because the effect size was small; it disappeared
fter adjustment for informed choice, it was inconsistent with
he lack of association when we used a cut-off of 11 or more
ymptoms, and was the only significant association out of 6
omparisons.

Our findings contrast with other studies that reported an
ssociation between physical symptoms and vaccination in
W veterans [2,6], but are in agreement with other stud-

es not limited to GW veterans [7–10,21]. What accounts for
hese differences is unclear. Data for this study were collected
etween 1 and 3 years after the war in Iraq, whilst the GW
tudies did not commence until 5–10 years after the end of
ostilities. Continued study of the 2003 population is needed
o rule out long-term adverse health effects. The combination
f anthrax and plague, with pertussis as an adjuvant, given
o UK personnel prior to the 1991 Gulf War differed from
hat given to personnel deployed in the 2003 Iraq conflict;
he 2003 vaccination programme was administered without
ertussis as an adjuvant, and the four injections were more
paced out. The role of multiple vaccinations on ill health
emains contentious. Some evidence from the 1991 GW sug-
ested a weak association with increased symptomatic ill
ealth [26]. In a further paper we will be investigating the pat-
ern of health outcomes as a result of self-reported or actual

ultiple vaccines received.
Health outcomes were related to how people perceive the

accination, and in particular how informed their choices
ere to accept the vaccination. The introduction of prostate

creening in America provides an example of a policy that
as changed to encourage informed choice, but instead has

aused increased levels of anxiety, concurrent with increased
umbers being screened [27]. Evidence from cancer patients
as shown that a lack of relevant information may lead to
nxiety [28]. Individuals who have high anxiety levels report
reater sensitivity to symptoms following medical interven-
ions [29].

. Conclusions

To date, there has been no adverse health outcomes
bserved in UK service personnel who received the anthrax
accination since the 2003 Iraq War. However, participants
ho made an uninformed choice to be vaccinated reported
orse health outcomes. The mechanism for these associ-
tions is unknown. We hypothesised that those who felt
issatisfied or badly informed with the decision to accept
nthrax vaccination are more prone to develop a feeling of ill
ealth. Making uninformed choices may have increased anx-
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ety, symptom amplification and sensitivity, which may have
aused the increase in reported adverse health. Whether these
ssociations will disappear if informed choices are facilitated
ore effectively for all those offered vaccinations requires

valuation.
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