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Frequency of Mild Traumatic Brain
Injury in Iraq and Afghanistan: Are We
Measuring Incidence or Prevalence?

Roberto J. Rona, FFPH; Margaret Jones, BA; Nicola T. Fear, DPhil OXON;
Josefin Sundin, PhD; Lisa Hull, MSc; Simon Wessely, FMedSci

Objective: Rates of mild traumatic brain injury (mTBI) differ considerably between US and UK forces, despite sim-
ilar methodology and similar exposure risks. We assessed, in the UK forces, if the differences in rates based on last
deployment can be explained by differences in deployment length, given that US forces deploy for approximately
twice as long as UK forces. Participants: A total of 3763 personnel deployed to Iraq or Afghanistan who completed
a questionnaire between 2007 and 2009. Main Outcome Measures: Mild traumatic brain injury in the last deploy-
ment contrasted to current posttraumatic stress disorder, psychological distress (General Health Questionnaire-12),
multiple physical symptoms, and alcohol misuse. Results: In the Army and Royal Marines, there was an association
between length of deployment (per month) and mTBI (odds ratio: 1.31, 95% confidence interval: 1.13–1.51), which
remained significant after adjustment for confounders (odds ratio: 1.25, 95% confidence interval: 1.08–1.45). No
other outcome was associated with length of deployment. Results based on the total sample were similar to those in
the Royal Marine and Army sample, except for adjusted multiple physical symptoms. Conclusions: Comparisons
of mTBI rates should take account of length of deployment when based on last deployment. Doing so reduces but
does not eliminate the differences between UK and US forces. Keywords: incidence, length deployment, mild traumatic
brain injury, prevalence

MILD TRAUMATIC BRAIN INJURY (mTBI) is
usually reported in terms of prevalence in mil-

itary studies and it varies from 4.4% to 23%.1–5 Preva-
lence may be construed as appropriate when a cross-
sectional design is used, whereas estimates of incidence
require a longitudinal design in which the difference
between the frequencies at follow up minus the fre-
quency at baseline would provide an incidence estimate.
However, the situation is not straightforward when par-
ticipants are asked specifically about their last deploy-
ment in a single survey.
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The use of prevalence instead of incidence matters, be-
cause the planning consequences in terms of demand for
services may be different and the nature of the estimate
used when making comparisons of the frequency of
mTBI across studies may be based on different method-
ologies. The distinction is also important in analytical
inference regarding the consequences of mTBI for sub-
sequent postconcussion symptoms (PCS) because we
may be investigating mTBI (the independent variable)
in terms of incidence but assessing PCS (the dependent
variable) in terms of prevalence, thus rendering the anal-
ysis insensitive.

Another issue is that mTBI is an event rather than a
condition such as posttraumatic stress disorder (PTSD),
depression, and anxiety. Nevertheless, care should be
exercised in the comparisons between studies of relative
frequency of mTBI because some studies may assess
mTBI in relation to all deployments, while others may
include only the latest deployment. The first estimate
will be a function of the number of deployments of each
individual—thus clearly a prevalence rate—while the sec-
ond estimate will be the function of only 1 deployment
and can be construed an incidence rate.

In our UK study, we assessed mTBI specifically related
to the most recent deployment to Iraq or Afghanistan
and the questions appeared in separate sections related
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to events during the last deployment to either country.3

Therefore, estimates based on this assessment cannot be
considered as prevalence, but it is also unclear that it is
an incidence rate because the study is cross-sectional.
All other mental health conditions (including PCS)
were assessed in the health section of the questionnaire,
which refers to the past 4 weeks, because the conditions
could have started before deployment these should be
considered prevalence estimates. Others have also as-
sessed mTBI during the most recent deployment,1,5,6

but some have explored mTBI in any Operation
Enduring Freedom and Operation Iraqi Freedom de-
ployments or have not specified whether the response
refers to a single deployment.2,4 The ambiguity about
the precise frequency being estimated is compounded
by the fact that the original brief traumatic brain in-
jury screen (BTBIS) explores mTBI during a specific
deployment,7 but some other BTBIS versions include
mTBI in any deployment.8

One way to distinguish whether we are estimating in-
cidence or prevalence of mTBI in our military studies
would be to assess the relative frequency of the con-
dition according to length of last deployment to Iraq
or Afghanistan. If the question refers to mTBI in a sin-
gle deployment, the number of cases of the condition
at time 0 (just before deployment started) should be 0
(Figure 1 a). Thus, incidence should be a function of
length of deployment, because the period of deploy-
ment should be an important exposure factor for mTBI.
Likewise an association between length of deployment
and PTSD is also possible, because the proportion of
new cases due to deployment to the total of current cases
could be high (Figure 1 b), although in UK military stud-
ies differences in the relative frequency of PTSD between
deployed and nondeployed personnel have not been
found, except in reservists.9–11 The frequency of psy-
chological distress, multiple physical symptoms (MPS)
including PCS and alcohol misuse should be less af-
fected by length of deployment (Figure 1 c), because
the prevalences of these 3 conditions are high regardless
of deployment status. It is, therefore, worth evaluating
the impact of length of a single deployment in these 3
conditions as well as mTBI and PTSD.

Although the usual length of deployment in
Afghanistan and Iraq of the UK Army and Royal
Marines (RMs) is 6 months, there is a wide range from
less than 1 month to more than 8 months. The same vari-
ation exists in the Royal Air Force (RAF) and the Royal
Navy (RN), although overall policies on tour length
differ.

The aim of this study is to compare the association of
length of last deployment with the frequency of mTBI
and contrast this to the association of length of deploy-
ment with the frequency of PTSD, psychological dis-
tress, MPS, and alcohol misuse. We expect to infer from

Figure 1. Incidence and prevalence of mild traumatic
brain injury, posttraumatic stress disorder, General Health
Questionnaire-12 caseness, multiple physical symptoms case-
ness, and alcohol misuse. (a) Mild traumatic brain injury dur-
ing last deployment. (b) Current posttraumatic stress disorder.
(c) Current General Health Questionnaire-12, Alcohol Use
Disorders Identification Test, or multiple physical symptoms.

this analysis whether our estimates of mTBI are more
likely to correspond to incidence in comparison with
the other outcomes. If an association between mTBI
and length of deployment was shown, an estimate of
mTBI based on person-years, which accounts for length
of deployment, would be calculated.

METHODS

Sample

In 2004, we established a cohort study to assess
the mental and physical health of UK armed forces

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Frequency of Mild Traumatic Brain Injury in Iraq and Afghanistan 77

(phase 1).11 The study included a random sample of per-
sonnel deployed to Iraq in 2003 and another randomly
selected group of those who were in the military but had
not deployed to Iraq at that time. Between November
2007 and September 2009, we recontacted those who
completed the questionnaire in phase 1 and who gave
permission for future contact (phase 2).

Another 2 samples were added at phase 2: (1) a ran-
dom sample of those deployed to Afghanistan between
April 2006 and April 2007 to ensure sufficient statistical
power to explore specific health issues related to de-
ployment to Afghanistan, and (2) a random sample of
personnel who had joined the UK armed forces after the
start of the phase 1 study and had completed training
between April 2003 and April 2007 and could, there-
fore, have deployed to Iraq or Afghanistan by phase 2.
This sample was added to ensure that the demographic
characteristics of the study continued to reflect the cur-
rent composition of the UK armed forces at the time
of sampling in 2007. Regulars and reserves, both serv-
ing and those who had subsequently left the services,
were included in the study. Further details on sampling
and response rates are available elsewhere.10 Only those
who have deployed to Iraq or Afghanistan are included
in the analysis reported here, because questions concern-
ing mTBI were only included in the sections related to
these deployments.The response rate of the total sam-
ple was 56% (N = 9984), but the response rate of the
deployed group cannot be estimated separately because
we do not know if nonresponders were deployed or not.
Responders were more likely to be older, females, of-
ficers, regulars, and those who participated in the first
phase of the study. We have shown no association be-
tween responding at phase 2 and baseline mental health
outcomes.11 Of 9984 service personnel, 4980 had de-
ployed to Iraq and/or Afghanistan. However, 1058 of
these 4980 were excluded from these analyses because
they deployed to both countries, so it was not possible
to relate their exposure time to 1 deployment only. A
further 159 service personnel did not have a recorded
length of deployment or the reported length of deploy-
ment was implausible. Although 3763 were available for
analysis, incomplete information for some outcomes re-
duced the number, being lowest for MPS (n = 3474)
and highest for PTSD (n = 3725). In summary, the ex-
clusions for this analysis were 5004 participants who did
not deploy to Iraq or Afghanistan; 1058 participants
who were deployed to both; and 159 participants who
did not provide information on length of deployment.

Measures

The information obtained at phase 2 was collected
via a questionnaire, which asked about a participant’s
last deployment in Iraq and/or Afghanistan. Possible

mTBI was assessed using a modified version of the BT-
BIS, which included an item exploring possible causes
of injury (blast, shrapnel fragments, bullet, fall, and ve-
hicle accident and other).7 Participants could state that
they had not suffered an injury during deployment. A
second item asked about possible symptoms associated
with the injury. These were losing consciousness; being
dazed or confused; not remembering the injury; con-
cussion (eg, headache, dizziness); head injury; and none
of these. Participants were asked to tick all that applied.
Self-report of the duration of any loss of consciousness
was also obtained, we eliminated 1 participant from the
analysis who reported prolonged loss of consciousness
(which would be classified traumatic brain injury, not
mTBI). Participants who endorsed at least one of these
symptoms were classified as having mTBI. The ques-
tions to assess mTBI were restricted to the period of de-
ployment and would probably correspond to incidence
with the proviso that it is based on cross-sectional data
instead of the usual follow-up design.

We assessed PTSD, using as threshold a score of 50
or more on the PTSDs checklist.12 Symptoms of com-
mon mental disorder were measured by the General
Health Questionnaire-12 using a score of 4 or more
for caseness.13 Alcohol misuse was measured by the Al-
cohol Use Disorders Identification Test using a score of
16 or more to define alcohol misuse.14 For MPS expe-
rienced in the last month, we used a threshold of 18 or
more symptoms to define caseness.15 Although each of
these measures assesses recent symptoms, they do not
distinguish new and old cases so they should properly
be considered prevalence rates.

Length of deployment was obtained from a single
question “How long did you deploy?” in months and
weeks. If this was uninformative, we looked at self-
reported entry and exit dates to theatre to minimize
losses. Information was also available on age, gender,
level of educational attainment, marital status, service,
type of engagement (regular or reserve), location of de-
ployment (Iraq only or Afghanistan only), and rank
(commissioned officer, noncommissioned officer, and
other ranks). We collected data on role during deploy-
ment (combat, noncombat: eg, logistics, engineers), but
this variable was not used in the analysis as it is a main
exposure factor, which might have attenuated the effect
of length of deployment.

Analysis

All analyses were weighted to take account of
sampling fractions and response rate differences.10

Sample weights reflected the inverse probability of a sub-
ject from a specific subpopulation and specific engage-
ment type (regular or reserve) being sampled. Response
weights were generated to account for nonresponse,
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defined as the inverse probability of responding accord-
ing to gender, rank, engagement type, age, sample, and
the interaction between sample and engagement type.
The assumption underpinning the weighted analysis was
that data are missing at random and that the observed
variables modelled to drive nonresponse were correctly
identified. Reported percentages may not correspond to
the numerators and denominators shown because of the
weighted analyses. Because the items concerning mTBI
were only included in the extensive deployment sec-
tions of the phase 2 questionnaire completed by those
deployed to Iraq or Afghanistan, the denominator for
the current article is only those deployed to either Iraq
or Afghanistan but not to both. This approach was sim-
ilar to the analytic strategy used in the US studies on
mTBI.1

The main analyses were carried out separately for
each outcome: mTBI, PTSD, MPS, psychological dis-
tress, and alcohol misuse. First, odds ratios were cal-
culated for the association with length of deployment
as a continuous variable; second, adjusted odds ratios
were calculated for length of deployment adjusted for
sociodemographic factors and service factors. The same
analyses were carried out excluding RN and RAF, be-
cause it could be construed that the chance of mTBI
related to deployment, mainly blast exposure, may be
lower than for the RMs and Army. We considered the
main analysis to be the assessment in the RMs and Army
only (N = 2910), because they have similar pattern of
deployment and would be more exposed to blasts than
members of the RN and the RAF. All analyses were
carried out in STATA 11 (Stata Corporation, College
Station, Texas) using survey commands as appropriate.

When individuals contribute to a variable for a vary-
ing period of time, person-years are a convenient way to
assess rates in prospective studies. Although this anal-
ysis is cross-sectional, length of deployment could be
construed as a variable reflecting varying periods of ob-
servation. Person-years were calculated as the number of
mTBI cases divided by the sum of total years of deploy-
ment as reported by each participant in the question-
naire.

The study received ethical approval from the
Ministry of Defence’s research ethics committee
and King’s College Hospital local research ethics
committee.

RESULTS

The percentage of males, combat personnel, Army
personnel, and persons with low level of education in-
creased with length of deployment, but the percentage of
officers decreased (Table 1). There was less consistency
by length of deployment for marital status and regular
or reserve statuses. The relative frequency of all men-

tal health outcomes tended to increase with length of
deployment. For mTBI, the increase occurred in those
with 5 or more months of deployment (weighted test
for trend, P < .0001), psychological distress (P < .066),
alcohol misuse (P < .002), and MPS tended to increase
across the full range of deployment lengths (P < .008),
while for PTSD there was not a clear pattern (P < .124).

In the unadjusted logistic analysis restricted to the
RM and Army, the relative frequency of mTBI was pos-
itively and significantly associated only with mTBI out-
come (Table 2). The relative frequency of mTBI con-
tinued to be associated with length of deployment after
adjustment for demographic and service variables. The
effect size of the association between length of deploy-
ment and mTBI is moderate, considering that the unit
of measurement for length of deployment was short—1
month. A quadratic term for length of deployment was
added to the analysis, but it was nonsignificant for any
of the outcomes.

We repeated the analysis including all services and
the results did not change, except that an association
between relative frequency and length of deployment
was observed for the MPS outcome. This association re-
mained significant in the adjusted model, but the effect
size was smaller than for mTBI.

As we have shown an increase in the relative frequency
of mTBI with length of deployment, we estimated its
relative frequency in terms of 100 person-years, that is,
taking into account the length of deployment. We found
that the relative frequency of mTBI in the RMs and
Army was 10.2 (95% confidence interval [CI]: 9.3–11.1)
per 100 person-years and in the total sample 9.0 (95%
CI: 8.3–9.8) per 100 person-years.

DISCUSSION

This study demonstrates that it is important to take
into account length of deployment when estimating the
relative frequency of mTBI. There was a consistent asso-
ciation between the length of deployment and the rela-
tive frequency of mTBI regardless of whether the analy-
sis was restricted to RMs and Army only or included all
services and regardless of the level of adjustment. Such
an association neither was present for PTSD, psycholog-
ical distress, and alcohol misuse, nor was it consistently
present for MPS.

Interpretation of the findings

Length of deployment should be taken into account
when making comparisons of the relative frequency of
mTBI between and among armed forces, especially when
troops from different armed forces deploy for different
lengths of time. In a previous article, we provided the
prevalence of mTBI as 4.4% for the total sample and
5.2% for the RMs and Army sample.3 We would suggest
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that the more appropriate estimate when dealing with
mTBI during the last deployment would be in terms
of the number of mTBI cases per 100 person-years that
could be construed as an incidence rate but with the
limitations indicated in the “Methods” section and this
section. Thus, the incidence of mTBI in the UK RMs
and Army would be 10.2 (95% CI: 9.3–11.1) per 100
person-years and for the UK armed forces 9.0 (95% CI:
8.3–9.8). Assuming that the published articles from the
US forces were based on service personnel who were
all deployed for 12 months, admittedly a simplifica-
tion, the incidence in the studies comparable with ours
would be 15 and 22.8 per 100 person-years that is equiv-
alent to 15% to 22.8% if each person was deployed for
1 year exactly.1,5 However, another US study reported
considerable differences comparing mTBI made before
the end of the deployment (9%) to assessment 1 year
later (22%).6 The latter would be more appropriate for
comparison with our study, because the great majority
in our study completed the questionnaire months after
the last deployment (median 17 months). In addition,
we should take into account that the deployment length
in that particular study was 16 months.6 Thus, perhaps
the best estimate is that mTBI in US forces varies from
15 to 23 per 100 person-years of observation compared
with around 10 per 100 person-years for UK forces when
length of deployment is taken into account. Thus, the
differences between United States and United Kingdom
remain but are less marked than the initial rate might
suggest.3

We would maintain that prevalence is inappropriate
when we are estimating mTBI occurring during the last
deployment. Furthermore, we suggest that estimates of
mTBI based on studies, which assess mTBI in any de-
ployment, are difficult to interpret unless we know the
number and length of each deployment.

We are less certain as to whether our estimate truly
corresponds to incidence of mTBI, because there are
several factors that may distort the relative frequency of
mTBI even when length of deployment is taken into
account.

The most frequent mechanisms resulting in mTBI
(blasts, falls, and vehicle incident) may not be regular
events during deployment but clustered around particu-
lar periods during deployment. A variant of this explana-
tion would be that over the usual period of deployment
of the UK military, significant operations with high risk
of mTBI follow a pattern, which is not necessarily closely
associated with length of deployment.

Among the inaccurate reporting of events it is worth
considering recall bias; that is, those who are deployed
for a shorter period of time would be more prone
to report incidents leading to mTBI than those who
deployed for a longer period of deployment. This
may be because early on, personnel would be more
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sensitive to register exposure events, for example, blasts
occurring at some distance are noticed but become less
noticeable as the deployment progresses. Some support
for this mechanism would come from the finding in
a study in an outpatient setting that PCS do not vary
according to distance from blast and number of blasts
experienced in mTBI patients.16 Recall bias may vary
with time since deployment as reported in a longitudi-
nal study.6 Although this type of inaccuracy may not
be associated with length of deployment, they may still
increase nondifferential measurement error, thus atten-
uating an association between mTBI and length of de-
ployment. Another source of misclassification could be
that though the question on mTBI is drafted in relation
to the latest deployment, some participants may choose
to ignore this restriction and provide information for an
mTBI outside last deployment to Iraq or Afghanistan.
Last, comorbidity may be another factor of distortion,
because mTBI and PTSD have been shown to be highly
associated 1–4,17–19 and reporting of an mTBI may be
more likely in those with PTSD.

In spite of these limitations, our analysis demon-
strated that the association between length of deploy-
ment and mTBI was persistent and of intermediate ef-
fect size. A way of testing our findings would be a study,
which includes US and UK subjects, using a similar
methodology to assess the association between mTBI
and length of deployment over a longer period.

We were careful not to overadjust our analysis. We
consider that age, gender, education level, marital status,
service, type of engagement, and rank were the minimal
set of confounders in the association between length of
deployment and mTBI. Lack of adjustment for these
variables would have increased uncertainty that any re-
lation would be due to a confounder rather than length
of deployment. However, we ensured that we did not
adjust for variables that may directly relate to length of
deployment such as time spent in a forward area.

The advantage of our study is its size; thus, our results
are unlikely to be due to random variation. The mTBI
questions clearly refer to the latest deployment and we
excluded personnel who were deployed to both Iraq and
Afghanistan in the period 2003 to 2009.

A limitation of our study was that service person-
nel completed the questionnaire after returning from
deployment and mTBI cases were not clinically corrob-
orated. This is a common feature of most, if not all,
large military epidemiologic studies, with 1 exception.6

A reliable diagnosis of mTBI during deployment is dif-
ficult because of the lack of objective measurement of
symptoms, limited availability of diagnostic tools with
high validity, and the overlap of concussion symptoms
with other common conditions such as PTSD and acute
stress reaction.7

That this study was not longitudinal could be con-
strued as a disadvantage in assessing the incidence of
mTBI. However, follow-up studies also have limitations
for assessing incidence, because most common mental
health problems and PTSD tend to fluctuate over time
and may be subject to recall bias; thus, the procedure to
exclude those with a condition in the initial assessment
from the total of cases in the second assessment may be
artefactual.

Implications of our results

Reporting relative frequency in terms of person-years
of deployment should be considered when the range
of length of deployment in a study is heterogeneous.
It would be advisable to replicate this study in other
samples with wider range of length of deployment, say
between 1 and 15 months.

Our results suggest caution when assessing the asso-
ciation between mTBI and PCS. The analysis has not
only the known limitations that the symptoms of PCS
are nonspecific but also that while mTBI is limited to a
recent event, PCS may correspond to events that might
have happened before mTBI occurred, thus reducing
the chance of finding an association.

In conclusion, military studies should be careful to en-
sure that they compare like with like when assessing the
relative frequency of mTBI and in particular to ensure
that length of deployment is included in the estimate.
Our analysis did not show the need for a similar ap-
proach in relation to PTSD, psychological distress, and
alcohol misuse.
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