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Combat Exposure and Migraine Headache:
Evidence from Exogenous Deployment Assignment

Abstract

Migraine headache is a growing problem for U.S. servicemen deployed in the
Global War on Terrorism and has been linked to substantial negative
socioeconomic consequences. However, there has been no comprehensive
examination of the relationship between combat exposure and migraine headache
or its stress-related triggers. Using data drawn from the National Longitudinal
Study of Adolescent Health, we exploit exogenous variation in deployment
assignment to estimate the effect of combat exposure on migraine headache. We
find that those deployed to a combat zone with enemy firefight are at
substantially increased risk for migraine headache relative to those deployed to
non-combat zones outside the United States or to combat zones without enemy
firefight. This relationship is robust to controls for pre-deployment migraine
status and is largest for those serving in the Army in the post-9/11 period. We
find that combat-induced sleep disorders, stress-related psychological problems,
and physical injuries in combat explain 47 to 60 percent of the relationship
between combat exposure and migraine headache.

Keywords: migraine headache, combat exposure, sleep disruption



“Migraine, and headaches in general, are important health concerns for the military
services because they often have sudden, unpredictable onsets; are relatively common
among young adults; are potentially debilitating; and are operationally and medically
costly.” —Christopher Martin, Armed Forces Health Surveillance Center, 2008

I. Introduction

A recent study from the Rand Corporation reported that nearly 320,000 U.S. troops
deployed to Irag and Afghanistan in the Global War on Terrorism have experienced traumatic
brain injuries (TBI) (Tanilian and Jaycox, 2008). However, many medical experts believe this is
a lower-bound estimate because of a strong stigma associated with seeking treatment for
traumatic brain injury (Simpson et al., 2000) and because mild TBI is often undetected by M.R.I.
technology (Brody et al., 2011). One observable indicator of rising cases of hidden head trauma
among combat veterans is the increased prevalence of migraine headache, an ailment linked by
military health professionals to mild TBI (Martin 2008; Theeler et al. 2008, 2009, 2010; Vargas
2009).

Between 2001 and 2007, migraine diagnoses among those in the U.S. Army increased by
nearly 60 percent (Martin, 2008). A 2008 study of active-duty Army servicemen returning from
deployment in Irag found that 17.4 percent of males and 34.9 percent of females screened
positive for migraine headache (Theeler et al., 2008). These prevalence rates are 3 to 4 times
larger than that observed for civilians (Stewart et al., 1992; Lipton et al., 2001; Lipton et al.,
2007). This difference is especially stark when one factors in that a history of migraine headache
problems may disqualify an individual from military service (Department of Defense Directives
6130.3 and 6130.4). Of course, hidden head trauma is but one explanation for rising cases of
migraine headache among combat veterans. Combat-related psychological stress and other

stress-induced health ailments—such as sleep disorders—may also induce migraine headache.



Understanding the causes of migraine headache has become increasingly important to
economists, who have documented its substantial adverse educational and labor market
consequences. Recent studies of civilian populations have found that migraine headache is
associated with less human capital acquisition (Rees and Sabia, 2011; Sabia and Rees, 2011),
lower earnings (Rees and Sabia, 2010), reduced productivity at work (Osterhaus et al., 1992;
Stewart et al., 2003), and a greater number of missed workdays (Lipton et al., 2007). A similar
pattern of evidence has emerged in the military medical literature. Theeler et al. (2008) find that
soldiers who screen positive for migraine headache are more likely to call in sick from work and
are more likely to face on-the-job productivity impairments than their non-migraineur
counterparts in the months following deployment.

While several recent studies have linked deployment to Iraq and Afghanistan to a greater
risk of migraine headache, most simply describe the prevalence of migraine headache among
military personnel (Theeler et al., 2008, 2009; Martin, 2008). Two recent studies have identified
control groups for active duty deployed soldiers: civilians (Vargas, 2009) and military personnel
who remain stateside (Jankosky et al., 2011). While descriptively informative, each of the
control groups used in these studies may be problematic if unobservable factors correlated with
active duty service are associated with physical and psychological health (Cesur et al., 2011).
No study of which we are aware has identified a plausibly exogenous source of variation in
combat exposure to identify the effect of combat exposure on migraine headache, nor has any
study been able to empirically examine the mechanisms through which combat might affect
migraine headache.

Using data drawn from the National Longitudinal Study of Adolescent Health, we

examine the relationship between combat exposure and the probability of migraine headache.



We exploit the fact that soldiers’ deployment assignments across and within combat zones are
plausibly exogenous to individual and family background characteristics to identify the causal
effect of combat on migraine headache. Our results suggest that soldiers deployed to combat
zones with enemy firefight are at substantially increased risk of migraine headache relative to
their counterparts deployed to non-combat zones outside the United States and to combat zones
without enemy firefight. These results are robust to controlling for pre-deployment migraine
headache and are largest for those soldiers serving in the Army in the post-9/11 period. We also
find that combat exposure is positively related to sleep disorders, stress, and physical injury—
three of the triggers for migraine headache. Our findings suggest that combat-induced sleep
disorders, psychological stress, and physical injury can explain 47 to 60 percent of the estimated

relationship between combat exposure and migraine headache.

Il. Background
While tension headache is the most common type of primary headache, migraine
headache has received the most attention from both medical scholars (Breslau and Rasmussen,
2001) and economists (Rees and Sabia, 2011; Sabia and Rees, 2011) due to its substantial
adverse health and human capital effects. The Mayo Clinic characterizes migraine headache in
the following manner:
“A migraine headache can cause intense throbbing or pulsing in one area of the head and
is commonly accompanied by nausea, vomiting, and extreme sensitivity to light and
sound. Migraine attacks can cause significant pain for hours to days and be so severe that
all you can think about is finding a dark, quiet place to lie down.” (Mayo Clinic, 2011)

Migraine headache is typically distinguished from common tension headache by the nausea and

sensitivity to light that accompany attacks (Martin, 2008; p. 6) as well as the longer duration of



symptoms, typically 4 to 72 hours (Mayo Clinic, 2011; Headache Classification Subcommittee
of the IHS 2004, p. 31). However, the symptoms of each type of headache are often hard to
distinguish given that many migraineurs also suffer from tension headache (Kaniecki, 2002;
Lyngberg et al. 2005).

Migraine attacks are often proceeded by aura, which include “visual phenomena, such as
seeing various shapes, bright spots, or flashes of light, vision loss, [a feeling of] pins and needle
sensations in an arm or leg, [and] speech or language problems” (Mayo Clinic, 2011). While
scientists have recently identified a genetic link to migraine headache (Chasman et al. 2011;
Verneri et al., 2010; Lafreniere, 2010; Russell and Olesen, 1995; Ulrich et al., 1999; De Fuso et
al., 2003; de Vries et al., 2007; Sabia and Rees, 2011), several environmental triggers for
migraine attacks have been identified in the literature: increased stress at work or home, sleep
disruption, foods, sensory stimuli changes, environmental changes, intense physical exertion,
heat, noise, and hormonal changes (Mayo Clinic, 2011; Kaniecki, 2002). Migraine headache is
most common when individuals are between the ages of 25 and 55, when people are generally in
their most productive years (Hazard et al., 2009).

The causes and consequences of migraine headache have been studied extensively in
civilian populations (Kaniecki, 2002; Stewart et al., 2003; Hazard et al., 2009), with economists
recently documenting its adverse schooling and labor market consequences (Rees and Sabia,
2011; Sabia and Rees, 2011; Rees and Sabia, 2011), and estimating its substantial costs (over
$13 billion in 1997 dollars) on employers due to missed work days and diminished productivity
(Hu et al., 1999). However, migraine headache has not been widely studied among military
populations despite the fact that the triggers for migraine headache are particularly intense

among those serving in combat. Understanding whether particular types of military service



increase the risk for migraine headache is, therefore, critical not only to obtaining accurate
estimates of the full short-run health costs of combat, but also in understanding potential longer-
run labor market consequences of combat-induced migraine for those soldiers that transition to
civilian life.

There is evidence that the prevalence of migraine headache has grown substantially
during the Global War on Terrorism. Martin (2008) documents rising rates of migraine
headache across all branches of the Armed Forces between 2001 and 2007, with the largest
increase observed for those serving in the Army. The incidence of first migraine headache
diagnosis rose among active-duty Army men from 6.60 per 1,000 person-years in 2001 to 10.45
per 1,000 person-years in 2007; during the same period, the incidence of first-time migraine
diagnosis among Army women rose from 30.2 to 40.5 per 1,000 person-years (Martin, 2008).!
Among all branches, the rate of increase among active-duty Airmen was the smallest.

The growing concern with the migraine headache have led medical researchers to label
this health condition “a significant medical problem in [ Armed] service personnel due to the
strenuous work environment and exposure to known stressors [that]...can include sleep
deprivation, physical exertion, change in environmental conditions, emotional stress, and
dehydration” (Seifert and Evans, 2010; p. 3). Migraines have been found to account for nearly
75 percent of post-traumatic headaches observed in soldiers (Theeler et al., 2008; Vargas, 2009)
and have been linked to blast- or explosion-induced mild TBI (Vargas, 2009; Seifert and Evans,

2010; Theeler and Erickson, 2009).

! Evidence that females as opposed to males are more likely to suffer from migraine headache is consistent with
evidence on civilian populations. Rees and Sabia (2011) note that approximately 20 percent of adult women in the
United States report having had at least one migraine headache in the past year, compared to 5 to 6 percent of adult
men (Stewart et al., 1992; Lipton et al., 2001; Lipton et al., 2007).
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While there is evidence that combat exposure is associated with a higher risk of migraine
headache, much of the evidence on which this conclusion is based is descriptive in nature.
Theeler et al. (2008) examined a brigade of 2,726 U.S. Army soldiers following a one-year
combat tour to Iraq and found that 17.4 percent of male and 34.9 percent of female respondents
screened positive for migraine headache; Theeler and Erickson (2009) examined a sample of
returning combat troops who received specialized medical services for headaches and found that
approximately half had “a history of mild head trauma” (p. 529), with “head trauma temporally
associated with either the onset of headache or the worsening of pre-existing headaches” (p.
529); and Theeler et al. (2009) examined a small sample of U.S. Army soldiers with recurring
headache and found that the most commonly reported headache triggers included “environmental
factors (74%), stress (67%), consumption-related factors (60%), and fatigue-related factors
(57%)” (p. 790). There is also descriptive evidence that those who screen positive for migraine
headache are more likely to miss work more frequently than their counterparts without such
severe diagnoses (Theeler et al., 2008) and that these effects may persist a year after deployment.

While intriguing and informative, these studies linking migraine headache to combat
deployment are limited because most of them rely on convenience samples that lack an
appropriate counterfactual control group with plausibly exogenous assignment. One recent study
(Jankosky et al., 2011) has provided the first suggestive evidence that combat deployment may
be associated with migraine headache. Using data from the Millennium Cohort Study, Jankosky
et al. (2011) compare migraine headache among those deployed to combat zones with migraine
headache among non-deployers and find that deployment is associated with a substantial increase
in the probability of a migraine diagnosis. However, non-deployed Reservists or National

Guardsmen and active-duty non-deployable soldiers may differ on many individual-level



unobservables related to health (Department of the Army AR 614-30, 2010; Cesur et al., 2011)
or human capital (Hirsch and Mehay, 2003), thus potentially contaminating estimates of the
migraine effects of combat exposure.

No study of which we are aware has used longitudinal data and information on
deployment assignment within combat zones to identify the causal effect of combat exposure on
the probability of migraine headache.? Moreover, no study has empirically explored how three
important triggers of migraine headache—combat-induced sleep disruption, stress, and combat-
related physical injuries—mediate the relationship between combat exposure and migraine
headache. We contribute to the literature by using longitudinal data on health and exploiting
plausibly exogenous variation in overseas deployment assignment to estimate (i) the effects of
combat exposure on migraine headache as well as its triggers, and (ii) the degree to which
combat-induced sleep disorders, stress, and physical injuries can explain the relationship

between combat exposure and migraine headache.

I11. Data and Measures

Our analysis uses data drawn from the National Longitudinal Study of Adolescent Health
(Add Health), a nationally representative school-based survey of 7" through 12" graders in 1994-
1995. In the baseline in-home survey (Wave 1), a total of 20,745 respondents ages 11 to 21 were
asked a wide set of questions related to physical health, mental health, health behaviors,
academic performance, family background, peer and familial relationships, and attitudes toward

health, family, and their futures. A parent and a school administrator questionnaire were also

2 While there is little work exploring the relationship between combat exposure and migraine headache, the
relationship between combat exposure and other stress-related health outcomes has been the subject of a number of
recent studies in the economics literature (Angrist et al., 2010; Hearst et al., 1986; Bedard and Deschenes, 2004;
Dobkin and Shabani, 2009; Edwards and MacLean, 2010; Cesur, Sabia, and Tekin, 2011; Gade and Wenger, 2011).



administered at baseline. Approximately one year later (1996), a follow-up survey was
conducted (Wave I1), with many of the same in-home questionnaire items repeated. A second
follow-up interview (Wave I11) was conducted in 2001 when respondents were between the ages
of 18 and 28, and a third follow-up interview (Wave V) was conducted in 2007-2008 to15,701
of the original Add Health respondents who were then between the ages 24 and 33 (see Harris et
al., 2008 for a discussion of the Add Health data collection strategy).

The Add Health data are useful for the purposes of this paper because they (i) contain a
relatively large sample of deployed active-duty military servicemen (N =592) at the time of the
Wave IV survey, (ii) contain information on whether overseas deployment assignment was to a
non-combat zone (N = 153), a combat zone without enemy firefight (N =248), or a combat zone
where respondents saw enemy firefight (N = 191), and (iii) contain information on migraine
status and a number of triggers of migraine headache, including sleep disorders and stress.
Furthermore, because the survey is longitudinal in nature and spans back to adolescence, we
have information on the respondent’s migraine status prior to any military deployment. We
restrict our analysis sample to 902 respondents who started the military service after Wave |
Survey and provided non-missing information on branch of service, migraine status and combat
zone service length. One limitation of this survey, however, is that we measure health and
military outcomes when respondents are young adults ages 24 to 33. Thus, care should be taken
in generalizing results to older populations.

We measure combat service in the United States Armed Forces using respondents’
reports of active duty service and deployment assignment at Wave V. Specifically, the Add

Health respondents were asked:



In which components of the military have you served? (Possible answers: None, Active
Duty, Reserves, National Guard)

Following this questionnaire item, respondents were then asked about deployment experiences:

Was your military service in the US, outside the US, or both?

What is the total amount of time you (have) served in a combat zone?

Finally, among those deployed to combat zones, we can measure whether the respondent was
exposed to combat by whether they had ever “engaged the enemy in firefight.”

In the Add Health, 935 respondents reported active duty military service® and 175
respondents reported non-active duty service exclusively in the Reserves or National Guard.* A
total of 902 active duty servicemen comprise our analysis sample because they provide
information on deployment assignment and the outcomes under study. Among this sample, 37.4
percent (N = 337) report service exclusively in the United States (Non-Deployed), 16.5 percent
(N = 149) report overseas deployment in a non-combat zone (Non-Combat), and 46.1 percent (N
= 416) report deployment in a combat zone (Combat). Of those deployed in a combat zone,
25.6 percent (N = 231) report deployment without enemy firefight (Combat Non-Fire), and 20.5
percent (N = 185) report deployment with enemy firefight (Combat Fire). Among all those

deployed to a combat zone, 93.5 percent (N = 389) reported combat service in the post-9/11

® In Add Health Wave 1V, 1,112 of the respondent reported military service. Of those, two individuals responded
that they do not know whether they served in the active duty.

* The weighted means for military service in the 2008 Add Health are comparable to weighted means in the 2008
Current Population Survey and the 2008 American Community Survey. For instance, in the 2008 ACS, 5.0 percent
reported active duty service, as compared to 5.87 percent in Add Health. The unweighted means are slightly larger
in the Add Health due to an oversample of racial minorities, who are more likely to serve in the military.



period; among those deployed to a combat zone with enemy firefight, 95.7 percent (N = 177) of
service was in the post-9/11 period.’

Our dependent variable of interest, Migraine, is a post-deployment medical diagnosis of
migraine headache. Respondents are asked:

Has a doctor, nurse, or other health care provider ever told you that you have or had

migraine headaches?

How old were you when a doctor, nurse, or other health care provider diagnosed you

with migraine headaches?

We used responses to each of the questionnaire items above, as well as information on
the respondent’s age and reported timing of military service, to construct a dichotomous measure
of Migraine equal to 1 if the respondent had been diagnosed with migraine headache following
their service start date. Among the sample of active-duty deployed respondents, 8.1 percent (N =
73) report a medical diagnosis of migraine headache after enlistment.

Our measure of Migraine has a number of strengths and weaknesses. A strength of the
measure is that it is a medical, rather than self-diagnosis, which may be important inasmuch
medical professionals are better able to identify migraine headache and distinguish it from other
types of headache. On the other hand, a medical diagnosis measure could capture access to and
use of medical services. To mitigate these concerns, our analysis will compare active-duty
deployed soldiers who are likely to have similar access to health care services, and will also
control for health insurance status in all models as well as frequency of routine medical check-

ups.

® We identified those who served in the post-9/11 period as those whose first military service started after September
2001.
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The timing of our migraine measure is not ideal in that it would be preferable to have a
measure of post-deployment rather than post-enlistment migraine headache. While our data
contain information on length of combat deployment and enlistment date so that a window of
deployment timing can be inferred under some circumstances, specific dates are not provided.
However, there are reasons to imagine that measurement error is likely to be small. Among
those who enlisted and were deployed in the post-9/11 period, the vast majority were deployed
within two years of enlistment. Moreover, sensitivity analysis using measures of migraine
diagnosis that occurred 2 to 3 years after enlistment produced qualitatively similar results to
those presented below. Finally, estimates of the effect of combat on Migraine may be
considered a lower-bound estimate because our measure of migraine headache will not permit us
to capture whether combat exposure exacerbated migraine attacks among those with pre-existing
medical diagnosis of migraine headache. Unfortunately, there is no information on severity or
frequency of attacks reported in the Add Health.

Another advantage of the Add Health data set is that it also provides information on
several triggers of migraine headache that combat exposure may affect: sleep disruption,
psychological stress, and physical injuries (including head injuries). With regard to sleep
disruption, we generate two measures based on respondents’ answers to the following

questionnaire items:

Over the past four weeks, how often did you have trouble staying asleep throughout the
night? For example, you woke up several times a night or woke up earlier than you
planned to? (Possible answers: never, less than once a week, 1 or 2 times a week, 3 or 4
times a week, 5 or more times a week)

11



Over the past four weeks, how often did you have trouble falling asleep? (Possible
answers: never, less than once a week, 1 or 2 times a week, 3 or 4 times a week, 5 or

more times a week)

The variable Stay Asleep is set equal to 1 if the respondent had trouble staying asleep one
or two times or more per week in the past four weeks and is set equal to 0 otherwise. The
variable Fall Asleep is set equal to 1 if the respondent had trouble falling asleep one or two times
or more per week in the past four weeks and is set equal to 0 otherwise. In our sample, 23.2
percent of active duty deployed servicemen reported difficulty staying asleep and 17.4 percent
reported difficulty falling asleep.

With regard to stress, we employ three measures of stress. First, we use the Cohen stress
scale. This measure is constructed by Add Health based on responses to the following
questionnaire items:

In the last 30 days, how often have you felt that you were unable to control the important

things in your life? (Possible answers: never (=0), almost never (=1), sometimes (=2)

fairly often (=3), very often (=4))

In the last 30 days, how often have you felt confident in your ability to handle your

personal problems? (Possible answers: never (=0), almost never (=1), sometimes (=2)

fairly often (=3), very often (=4))

In the last 30 days, how often have you felt that things were going your way? (Possible
answers: never (=0), almost never (=1), sometimes (=2) fairly often (=3), very often

(=4)

In the last 30 days, how often have you felt that difficulties were piling up so high that
you could not overcome them? (Possible answers: never (=0), almost never (=1),
sometimes (=2) fairly often (=3), very often (=4))

The second and third items above were reverse coded and the numerical response to each

question summed to form the Cohen stress scale, which ranges from 0 (low-stress) to 16 (high

stress).
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Our second measures of stress is a dichotomous measure indicating whether the
respondent had received a medical diagnosis of post-traumatic stress disorder (PTSD) using
responses to the following questionnaire item:

Has a doctor, nurse or other health care provider ever told you that you have or had

post-traumatic stress disorder?

Following Cesur et al. (2011), respondents who answered “yes” were coded as 1 and those who
answered “no” as 0.

Our final measure of stress is a measure of a violent combat event, which is likely to be

correlated with high stress for soldiers: killing someone in action. The Add Health asks:

Did you ever kill or think you killed someone?

We generate a dichotomous variable, Killed, equal to one is a respondents answered in the
affirmative and zero otherwise.

In addition to sleep disorders and stress, we also measure a physical channel through
which combat exposure might affect migraine headache: physical injury, which might include
head injury, though we cannot specifically measure injury type in these data. Respondents in the

Add Health were asked:

During your combat deployment, were you wounded or injured?

A dichotomous variable, Injured, is set equal to one if the respondent reported in the affirmative

and zero otherwise.
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Table 1 presents the means of Migraine, Stay Asleep, Fall Asleep, Cohen, PTSD, Killed,
and Injured by deployment assignment of the respondent. Cross-tabulations indicate that those
deployed to combat zones with enemy firefight have significantly higher rates of migraine
headache, sleeping problems, and stress relative to their counterparts deployed to combat zones
without enemy firefight or to non-combat zones. Among those deployed to combat zones with
enemy firefight, 11.9 percent report migraine headache as compared to 5.6 percent of those
deployed to combat without enemy firefight and 6.0 percent of those deployed overseas to non-
combat zones. Along the same lines, 21.3 percent of those deployed to combat zones report
difficulty falling asleep at least two times per week in the last four weeks as compared to 16.1
percent of those who were assigned to overseas non-combat zones or combat zones without
enemy firefight. However, at baseline (prior to deployment), we find no significant differences
between migraine headache, any other headache, or sleep problems between those who are later
assigned to combat zones with firefight versus any other overseas deployment. This is at least

suggestive evidence that deployment assignment is unrelated to pre-existing health conditions.

IV. Identification

Analyses of the causal effects of military service on health have often relied on the draft
lottery to generate exogenous variation in service (Angrist et al., 2010; Hearst et al., 1986;
Bedard and Deschenes, 2004; Dobkin and Shabani, 2009). The absence of a draft in the Global
War on Terrorism has led researchers to seek new sources of identifying variation (and different
local average treatment effects).

The most common identification strategy used in the medical literature (see, for example,

Wells et al., 2010; Smith et al., 2009; Jacobson et al., 2008) has been to compare those deployed
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to combat with non-deployed active duty and reservist soldiers. However, non-deployment may
not be exogenous, as selection into the Reserves or National Guard—which comprise a relatively
larger share of non-deployed armed services personnel than active duty soldiers—may be non-
random (Hirsch and Mahey, 2003) and active-duty soldiers who remain non-deployed for long
periods of time may be non-deployable for reasons related to physical or mental health
(Department of the Army AR 614-30, 2010; Cesur et al., 2011).

We rely on evidence that the location of overseas deployment assignment among active
duty deployers is unrelated to individual or family-level characteristics or to prior health to
identify the effect of combat exposure on migraine headache and migraine-related triggers. In
citing the seminal work by Lyle (2006) and Engel et al. (2010) on this identification approach,
Resul et al., (2011; p. 5) argue that individual soldiers have little discretion over the nature of
their deployment assignments. It is the circumstances of military operation along with the
readiness and availability of the individual units that determine the timing and the location of

each deployment (Engel et al., 2010):

“[T]he timing of the move and assignment of a soldier to a subordinate army unit are
largely independent of a soldier’s preferences... [T]he ‘needs of the army’ also determine
the missions that a soldier’s company receives.” (Lyle, 2006, p. 323)*”
In short, the deployment assignment of individual soldiers is independent of their characteristics
such as perceived courage or bravery, mental condition, or family background, but the needs of
the military.

Moreover, when Human Resources Command makes deployment decisions, it has only a

small set of military-specific and demographic characteristics of units (Engel et al., 2010).
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Thus, it is incumbent upon us to show some descriptive evidence that—conditional on military
rank, timing of service in the military, branch of service, and occupation (four-digit Standard
Occupational Classification code) °— deployment assignment is unrelated to a wide set of
individual, family background characteristics, including: age, race, ethnicity, gender, measured
height, measured weight, years of schooling attained, earnings, physical health, marital status,
religiosity, maternal educational attainment, parental marital status and income when the
respondent was an adolescent, an abridged version of the Peabody Picture and Vocabulary Test
(PPVT), health insurance status, medical checkup in the last year, as well as pre-deployment
migraine status, sleep disorders, and stress.’

We attempt such a descriptive strategy in Table 2. In column (1), we restrict the sample
to those who were deployed overseas and regress an indicator for whether the assignment was to
a combat zone (with or without firefight) on the full set of observables discussed above. We find
that assignment to a combat zone is unrelated to the wide set of individual and family
background characteristics or prior health.® Joint significance tests reflect a similar pattern of
results.

In column (2), we restrict the sample to only those respondents who were assigned to
combat zones and regress an indicator for whether the respondent was assigned to a location with
enemy firefight on the set of observables; and in column (3), we restrict the sample to those

assigned to combat zones with firefight or those assigned to non-combat zones overseas and

® Military-specific occupations were measured with respect to the respondent’s job last year at Wave IV. The
categories include Military Officer Special and Tactical Operations Leaders/Managers, Infantry Officers, Special
Forces, Armored Assault Vehicle Officers, Artillery and Missile Officers, Air Crew Officers, Command and Control
Center Officers, and First-Line Enlisted Military Supervisors/Managers, and Radar and Sonar Technicians.
Occupations in engineering and medicine are measured in similar detail.

" The means of each of these variables, by deployment assignment are reported in Appendix Table 1.

& Only “other race” (relative to whites) is marginally significant at the 10 percent level.
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regress an indicator for whether the respondent was assigned to a combat zone with enemy
firefight on the set of observables. In each case, the empirical evidence points to very little
support for the hypothesis that deployment assignment is related to family and individual
background characteristics, including prior health. We view this evidence as at least suggestive
that deployment assignment is exogenous to health.’

For our main identification approach, we pool active-duty personnel (excluding those

who served exclusively in the Reserves or National Guard) and estimate the following equation:

Migrainejs = a + 8;Combat Firejs + 6,Non-Combatjs + d3Non-Deployed;s + Xis B + vs + €, (1)

where i denotes active-duty respondent i, s denotes the middle or high school that the respondent
attended at Wave I, X;s is a vector containing each of the observable individual demographic,
family background, and military characteristics, described above and os is a set of school fixed
effects to capture any unobserved community characteristics of the soldier that could be related
to branch or occupation selection. Note that the omitted category in equation (1) is assignment
to combat zone without firefight. In alternate specifications, we also include controls for pre-
deployment migraine status, a neuroticism scale, and health, which should not affect our
estimates of the effect of combat exposure if deployment assignment is exogenous.

Under the assumption that, conditional on occupation, rank and branch, overseas
deployment assignment is exogenous, 81-6, can be interpreted as the effect of deployment to a
combat zone with firefight relative to a non-combat zone, while 3; can be interpreted as the

marginal effect of deployment to a combat zone with firefight relative to a combat zone without

° A similar pattern of results is observed when we restrict the sample to only those who were serving in the Army.
These findings are shown in Appendix Table 2.
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firefight. If assignment to a non-combat zone is associated with fewer migraine triggers than
assignment to a combat zone without firefight—perhaps due to less stress, fewer environmental
changes—it is possible that |61-62| > |81]. On the other hand, if migraine effects are driven
primarily by the physical health effects of war, such as injuries sustained while engaging the
enemy in firefight, or via combat-related stresses, then the estimates of 3;-6,and &; might be

similar in magnitude.

V. Estimates of the Effect of Combat Exposure on Migraine Headache

Our main results appear in Tables 3-7. Because the Add Health data are school-based,
standard errors are clustered on the school. Our focus is on estimates of 6; and 81-62.
Coefficient estimates on the control variables are omitted for brevity, but are available in
Appendix Table 3.%°

As shown in Table 3, assignment to a combat zone with firefight relative to a combat
zone without firefight is associated with a 10.4 percentage- point increase in migraine headache.
This is similar in magnitude to the effect of getting assigned to a combat zone with firefight
relative to a non-combat zone, which is estimated as 11.1 (10.4-(-0.07)) percentage-points. This
finding is consistent with the hypothesis that assignment to a combat zone alone is not
necessarily the source of migraine headache, but rather the physical and psychological scars
sustained while engaged in firefight are what lead to this condition. In columns (2) to (7), we
present the estimates from equation (1) by branch of service. We find that the effect obtained in
column (1) is driven by those who served in the Army and is largest for those who served in the

Army during the post-9/11 period. As shown in columns (2) and (7), the coefficient estimates

19 The findings in Appendix Table 4 support the hypothesis that deployment assignment is exogenous to the
observable controls. This table shows that the magnitude of the estimated association between combat exposure and
migraine headache is generally unaffected by the inclusion of these controls.
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are still significant at the 10 percent level despite a reduction in the sample size by about two-
thirds.

In Table 4, we further assess the sensitivity of the estimates from equation (1) to
additional relevant controls. In Panel A, we present estimates with lagged migraine status
measured in Wave I, assessed not by medical diagnosis, but by a parental report that the
respondent suffered from migraine headache in adolescence. This variable would account for
the possibility that some individuals may be more prone to environmental triggers of migraine
due to genetic factors or certain early life experiences. Controlling for lagged migraine headache
causes no appreciable change in the estimates reported in Table 4. This finding lends further
support to our identifying assumption that deployment assignment is independent of differences
across individuals in their pre-deployment characteristics, including prior migraine headache.

A number of studies have shown a link between migraine headache and neuroticism
(Brandt et al., 1990; Merikangas et al., 1993; Breslau and Andreski, 1995; Kentle, 1997; Cao et
al., 2002). If differences in personality across soldiers are somehow associated with their
chances of deployment to a combat zone and engaging in firefight, then our assumption of the
exogeneity of deployment assignment would be violated. To test the sensitivity of our results to
personality, we constructed a neuroticism personality scale using a number of questions in Add
Health (Sabia and Rees, 2011). Specifically, respondents are asked whether they “strongly
agree” (1), “agree” (2), “neither agree nor disagree” (3), “disagree” (4), or “strongly disagree”

(5), with the each of the following statements:

() I have frequent mood swings;
(i) | am relaxed most of the time;
@iti) I get upset easily; and

(iv) I seldom feel blue.
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Items (i) and (iii) are reverse coded and the neuroticism scale is calculated by summing the
responses to each questionnaire item. This scale, which ranges in values from 4 to 20, is
increasing in symptoms of neuroticism. As shown in Panel B of Table 4, our main results are
robust to controlling for personality (though the coefficients are less precisely estimated for the
post-9/11 sample).

Thus far, our results indicate that engaging in firefight in a combat zone is associated
with an increased risk of migraine headache. Next, we examine whether a higher frequency of
enemy firefight affects the likelihood of migraine headache. To test this question, we estimate a
regression of migraine headache on the frequency of firefight among the sub-sample who served
in a combat zone. As shown in column (1) of Table 5, our results suggest that the largest
migraine effects are observed for those who reported 20 or more enemy firefight experiences in
combat zones. Specifically, those who engaged in an enemy firefight at least 20 times are 11
percentage points more likely to suffer migraine headaches than those who did not engage in
firefight.

In column (2), we examine whether longer combat deployment lengths are associated
with an increased risk of migraine headache. We find little evidence that longer deployment
lengths are correlated with migraine headache. Finally, in column (3), we include both combat
deployment length and frequency of enemy firefight on the right hand-side of the estimating
equation and find that, conditional on deployment length, more frequent enemy firefight remains
positively associated with the probability of migraine headache. Consistent with the finding in
column (1), we find that those who engaged in 20 or more enemy fight continue to suffer
migraine headache by an 11 percentage-points higher likelihood than those who did not

experience any firefight.
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Taken together, the findings in Tables 2-5 provide strong evidence that combat exposure
is positively related to migraine headache. We next turn to estimates of the effect of combat
exposure on several triggers of migraine headache and examine how effects on these triggers

mediate the relationship between combat exposure and migraine headache.

V1. Estimates of Effect of Combat Exposure on Potential Migraine Triggers

In Table 6, we explore the extent to which a number of potential triggers for migraine
headaches—including sleep disorders, stress, PTSD, and physical injuries—are affected by
combat exposure. In Panels A and B, we regress our two measures of sleep disorders, trouble
falling asleep and trouble staying asleep, on deployment assignment.  As shown in Panel A,
assignment to a combat zone with firefight relative to a non-combat zone is associated with
substantial increases in the probability of having trouble falling asleep, particularly among those
who served in the Army in the post-9/11 period. We find even stronger support for a positive
association between combat missions and sleep disorders in Panel B. For example, those who
served in a combat zone are 31.6 percentage points more likely to suffer migraine headache than
those who served in a non-combat zone. The estimate from the post-9/11 sample is similarly
large though it is less precisely estimated due to reduced sample size.

In Panel C of Table 6, we consider the association between combat zone experience and
perceived stress measured by the Cohen Stress Scale. We find that assignment to a combat zone
with firefight relative to non-combat service is generally associated with increased stress. In
Panel D, we find evidence that combat zone experience with firefight is strongly associated with
PTSD and this association is strongest among those in the Army deployed in the post 9/11

period. And, finally, in the last two panels of Table 6 (Panels E and F), we find that combat
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exposure is associated with increased likelihood of suffering physical injury and killing or
believing to have killed someone in the battlefield.

Taken together, the results presented in Table 6 provide considerable evidence to suggest
that combat exposure is associated with an increased risk of sleep disorders, psychological stress,
and physical injuries, each of which have been identified in the medical literature as potential
triggers for migraine headache. In Table 7, we descriptively examine the extent to which the
inclusion of the triggers on the right hand side of our original estimating equation (equation 1)
mediates the relationship between combat exposure and migraine headache.

In Panel of Table 7, we present results for the active duty sample and in Panel B for the
Army sample. A comparison of the findings in column (1) with column (7) suggest that the
inclusion of controls for sleep disorders, perceived stress, PTSD, and physical injury reduces the
magnitude of the estimated relationship between combat exposure and migraine headache by 47
to 60 percent. Sleep disorders and the Cohen perceived stress score are relatively unimportant
mediators, while PTSD, physical injury, and causing a death on the battlefield are relatively
more important. We conclude that stress-related battlefield trauma and physical injury are the
most plausible explanations for the positive relationship between combat exposure and migraine

headache.

VII. Conclusions

The growth of migraine headache among combat soldiers during the Global War on
Terrorism has drawn the attention of military health professionals because of the short- and long-
term health and productivity effects. However, there is little empirical evidence establishing a

causal link between combat exposure and migraine headache.

22



In this paper, we exploit the plausibly exogenous variation in deployment assignments of
soldiers across and within combat zones to provide insights into this question. Using data from
the National Longitudinal Study of Adolescent Health, we find that deployment to combat zones
with enemy firefight is positively associated with migraine headache compared to deployment to
combat zones without firefight or non-combat zones outside the United States. We also show
that these effects are usually largest among those served in the Army in the post 9/11 period and
those who engaged in frequent firefight with the enemy. These results are robust to controlling
for pre-deployment migraine headache and differences in a large set of observable characteristics
of the individuals including their personality.

In addition to these findings, the Add Health data allow us to explore some of the
potential mechanisms through which the combat zone-migraine headache relationship operates,
such as combat-induced sleep disorders, perceived stress, PTSD, physical injury, and killing an
enemy soldier during a firefight. We find that while combat exposure increases the risk of
experiencing all of these potential triggers, PTSD and physical injury are two main channels
through which the relationship between combat and migraine headache operates.

Given the link between migraine headache and poor labor market outcomes, our findings
imply that ex-military service personnel may be at substantial risk as they transition back to
civilian life. The relevance of these findings is further heightened by the withdrawal of all U.S.
troops from Irag in December 2011and the recently announced plans for drawdown of forces
from Afghanistan in the near future. A recent report by the Bureau of Labor Statistics highlights
the difficulties faced by veterans in the labor market. For example, the unemployment rate for
veterans who served in the military at any time since September 2001 averaged 11.5 percent

2010 compared with 9.4 percent unemployment experienced among non-veterans (Bureau of
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Labor Statistics, 2011). Veterans are more likely to be employed in industries such as mining,
construction, manufacturing, transportation and utilities, which have experienced significant
drops in employment during the most recent recession (Bureau of Labor Statistics, 2009). Our
findings suggest that health problems such as migraine headaches may exacerbate the difficulties
that veterans face finding productive jobs and will pose challenges to post-separation evaluation
and training programs aiding former soldiers as they transition to civilian life.

A new set of pharmaceutical drugs called triptans are now in wide use, as are a number of
over-the-counter migraine drugs (Rees and Sabia, 2011). These medications could potentially
ameliorate some of the longer-run adverse socioeconomic consequences of migraine headache.
However, many triptans have side effects that may be at least as severe as the symptoms they are
intended to treat, including sleepiness, nausea, and dizziness (Gallagher and Kunkel 2003).
Future research examining the longer-run migraine effects of combat exposure would benefit by

the inclusion of information on migraine treatments.
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Table 1: Descriptive Statistics of Outcome Variables by Military Service

Variable Active  Overseas  Exclusively  Combat Overseas Combat Combat
Duty Sample uU.S. Sample  Non-Combat  Firefight  No-Firefight
Sample Sample Sample Sample Sample
Migraine 0.081 0.078 0.086 0.084 0.060 0.119 0.056
(0.273)  (0.268) (0.281) (0.278) (0.239) (0.325) (0.231)
Cohen Perceived Stress Scale 4.393 4.316 4.522 4.441 3.966 4.584 4.326
(2.932) (3.013) (2.790) (2.992) (3.055) (3.046) (2.950)
Trouble Staying Asleep in The Past Four Weeks 0.232 0.233 0.230 0.249 0.188 0.295 0.213
(0.422) (0.423) (0.422) (0.433) (0.392) (0.457) (0.410)
Trouble Falling Asleep in The Past Four Weeks 0.174 0.178 0.167 0.184 0.161 0.213 0.161
(0.379) (0.383) (0.373) (0.388) (0.369) (0.411) (0.368)
Post Traumatic Stress Disorder (PTSD) 0.091 0.122 0.039 0.159 0.020 0.250 0.087
(0.288) (0.328) (0.193) (0.366) (0.1412) (0.434) (0.282)
Injured 0.053 0.085 0.000 0.115 0.000 0.184 0.061
(0.225) (0.279) 0.000 (0.320) 0.000 (0.388) (0.239)
Killed or Believed Killed Someone 0.162 0.258 0.000 0.351 0.000 0.714 0.061
(0.369) (0.438) 0.000 (0.478) 0.000 (0.453) (0.239)
Wave 1 Migraine 0.090 0.101 0.073 0.105 0.089 0.099 0.110
(0.287)  (0.302) (0.261) (0.307) (0.287) (0.300) (0.314)
Wave 1 Headache More Than Once a Week 0.046 0.039 0.056 0.043 0.027 0.049 0.039
(0.208)  (0.194) (0.231) (0.204) (0.162) (0.216) (0.194)
Wave 1 Sleep Problems More Than Once a Week 0.220 0.188 0.273 0.190 0.181 0.205 0.178
(0.414) (0.391) (0.446) (0.393) (0.387) (0.405) (0.383)
Observations 902 565 337 416 149 185 231

Standard deviations are in parentheses. Unweighted means are generated using Waves | and IV of the National Longitudinal Study of Adolescent Health
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Table 2: Evidence on the Exogeneity of Deployment Assignment

(1) (2) ®3)
Combat Combat
Combat Firefight Firefight
VS. VS. VS.
Non-Combat Combat Non-Combat
Non-Firefight

Wave 1: Health is Excellent 0.043 0.039 0.126
(0.042) (0.081) (0.086)

Wave 1: Health is Poor 0.039 0.051 0.027
(0.178) (0.183) (0.307)

Height in Inches 0.004 0.001 0.005
(0.011) (0.017) (0.022)

Weight in Pounds -0.000 -0.000 -0.000
(0.001) (0.001) (0.002)

Religion: Protestant 0.048 0.042 0.085
(0.099) (0.119) (0.120)

Religion: Catholic 0.021 -0.032 0.015
(0.123) (0.114) (0.209)

Religion: Other Christian 0.030 -0.118 -0.003
(0.090) (0.113) (0.115)

Religion: Other -0.148 -0.186 -0.239
(0.136) (0.159) (0.203)

Male 0.076 0.246 0.236
(0.092) (0.153) (0.186)

Married -0.045 0.007 -0.056
(0.079) (0.087) (0.123)

Divorced -0.074 -0.025 -0.064
(0.074) (0.134) (0.144)

Age in Years 0.157 -0.657 0.741
(0.546) (0.822) (1.024)

Age in Years Squared -0.003 0.012 -0.013
(0.010) (0.014) (0.018)

Race: Black -0.028 -0.133 0.026
(0.080) (0.127) (0.134)

Race: Other 0.161* -0.114 0.234
(0.088) (0.154) (0.183)

Race: Hispanic -0.076 -0.089 -0.066
(0.089) (0.139) (0.119)

Log of Personal Earnings 0.014 0.010 -0.003
(0.011) (0.024) (0.016)

Education: College or More 0.015 -0.095 -0.139
(0.080) (0.116) (0.150)

Picture Vocabulary Test Score -0.001 -0.003 -0.004
(0.002) (0.003) (0.005)

Log of Parental Income 0.050 0.038 0.122
(0.065) (0.088) (0.088)
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Parents are Married
Parents are Divorced, Separated or Widowed
Biological Mother's Education: Some College

Biological Mother's Education: College Degree or
More

Had Check-up within Last Year
No Health Insurance

Wave | Depression

Wave | Migraine

Wave | Sleep Problems

Observations
R-squared

-0.079
(0.148)
-0.048
(0.149)
-0.004
(0.058)
-0.046

(0.070)
-0.025
(0.062)
0.001
(0.087)
0.100
(0.080)
0.021
(0.076)
0.001
(0.064)

565
0.368

-0.041
(0.202)
-0.007
(0.196)
-0.054
(0.094)
0.048

(0.113)
-0.012
(0.071)
0.148
(0.115)
-0.054
(0.094)
0.086
(0.140)
0.093
(0.101)

416
0.479

-0.250
(0.241)
-0.144
(0.242)
-0.084
(0.100)
-0.079

(0.119)
-0.100
(0.114)
-0.065
(0.128)
0.114
(0.125)
-0.047
(0.134)
0.037
(0.100)

334
0.580

Robust standard errors corrected for clustering on the school are in parentheses. *, **, and *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. All models control for school fixed effects and detailed

occupation indicators. Models also include missing binary indicators for each of the control variables.
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Table 3: Estimated Effect of Deployment Assignment on Migraine Headache

@) ) ®) (4) (®) (6) ()

VARIABLES Active Army Non Navy Air Marine Army
Duty Sample Army Sample Force Corps 9/11
Sample Sample Sample Sample Sample
Combat Zone with Firefight 0.104*** 0.140* 0.076 -0.055 0.153 -0.006 0.156*
(0.036) (0.072) (0.051) (0.083) (1.480) (0.144) (0.083)

Overseas Non-combat Service -0.007 0.048 0.011 0.013 -0.113 -0.165 0.106
(0.040) (0.082) (0.050) (0.068) (1.416) (0.190) (0.086)

Service Exclusively in the U.S. 0.028 0.052 0.045 0.043 -0.474 -0.196 0.051
(0.028) (0.072) (0.047) (0.082) (2.481) (0.221) (0.091)

Observations 902 359 543 234 152 156 306
R-squared 0.279 0.508 0.390 0.827 0.990 0.861 0.565

Scombat f - Soverseas e = 07 [p-value on F-test]  0.1117[0.03]  0.092[0.32] 0.065[0.30] 0.068[0.49] 0.266[0.92] 0.159[0.44] 0.05[0.61]

Robust standard errors corrected for clustering on the school are in parentheses. *, **, and *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. All models use the full set of controls shown in Appendix
Table 1 along with school fixed effects and detailed occupation indicators. Models also include missing binary
indicators for each of the control variables.
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Table 4: Estimated Effect of Deployment Assignment on Migraine Headache, Controlling
Lagged Migraine Headache and Neuroticism

@ ) ®) 4)
VARIABLES Active Army Non Army
Duty Sample Army 9/11
Sample Sample Sample
Panel A: Lagged Migraine Controlled
Combat Zone with Firefight 0.108*** 0.137* 0.070 0.149*
(0.035) (0.072) (0.046) (0.086)
Overseas Non-combat Service -0.007 0.051 0.001 0.116
(0.039) (0.087) (0.049) (0.093)
Service Exclusively in the U.S. 0.033 0.054 0.044 0.062
(0.027) (0.069) (0.047) (0.094)
Lagged Migraine Indicator 0.093* 0.114 0.020 0.126
(0.049) (0.107) (0.074) (0.151)
Observations 902 359 543 306
R-squared 0.391 0.515 0.417 0.571
Scombat ff - Ooverseas nc = 0? [p-value on F-test] 0.115 [0.02] 0.086[0.35] 0.069[0.24] 0.033[0.75]

Panel B: Lagged Migraine and Current (Wave 1V) Neuroticism Controlled

Combat Zone with Firefight 0.107*** 0.135* 0.071 0.141
(0.035) (0.0712) (0.048) (0.086)
Overseas Non-combat Service -0.006 0.052 0.002 0.115
(0.039) (0.088) (0.048) (0.092)
Service Exclusively in the U.S. 0.032 0.055 0.045 0.063
(0.027) (0.069) (0.047) (0.092)
Lagged Migraine Indicator 0.093* 0.112 0.023 0.123
(0.049) (0.107) (0.074) (0.148)
Neuroticism Scale 0.005 0.005 0.005 0.008
(0.004) (0.0112) (0.005) (0.014)
Observations 902 359 543 306
R-squared 0.3*93 0.516 0.419 0.574
B Combat ff - Ooverseas ne = 0? [p-value on F-test] 0.113[0.03] 0.080[0.37] 0.069[0.24] 0.026[0.80]

Robust standard errors corrected for clustering on the school are in parentheses. *, **, and *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. All models use the full set of controls shown in Appendix
Table 1 along with school fixed effects and detailed occupation indicators. Models also include missing binary
indicators for each of the control variables.
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Table 5: Estimated Effect of Frequency of Enemy Firefight Engagement and Combat
Deployment Length on Migraine Headache

1) (2) )
1 to 3 Enemy Firefights 0.074 0.074
(0.082) (0.083)
4 to 19 Enemy Firefights 0.036 0.039
(0.063) (0.068)
20 or More Enemy Firefights 0.110* 0.111*
(0.059) (0.063)
Combat Zone Service Length: 120 to 180 Days -0.021 -0.023
(0.074) (0.077)
Combat Zone Service Length: >180 Days 0.004 -0.009
(0.042) (0.048)

Observations 416 416 416
R-squared 0.560 0.549 0.560

Robust standard errors corrected for clustering on the school are in parentheses. *, **, and *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. All models use the full set of controls (except military
service length) shown in Appendix Table 1 along with school fixed effects, detailed occupation indicators, lagged
migraine, and current (Wave V) neuroticism. Models also include missing binary indicators for each of the control
variables.
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Table 6: Estimated Effect of Deployment Assignment on Migraine Triggers

1) (2 (3 4)
VARIABLES Active Army Non Army
Duty Sample Army 9/11
Sample Sample Sample
Panel A: Trouble Falling Asleep
Combat Zone with Firefight 0.078 0.167 0.019 0.127
(0.057) (0.130) (0.081) (0.152)
Overseas Non-combat Service 0.006 -0.115 0.040 -0.188
(0.053) (0.136) (0.071) (0.180)
Service Exclusively in the U.S. -0.011 -0.022 0.006 -0.113
(0.054) (0.122) (0.081) (0.143)
Observations 892 350 542 298
R-squared 0.284 0.549 0.430 0.593
8 combat fire-fight - Soverseas ne = 0? [p-value on F-test] 0.072[0.13] 0.2827[0.07] -0.021[0.80] 0.315[0.08]
Panel B: Trouble Staying Asleep
Combat Zone with Firefight 0.147** 0.294** 0.124 0.310*
(0.065) (0.120) (0.096) (0.156)
Overseas Non-combat Service -0.008 -0.022 0.050 0.040
(0.065) (0.142) (0.093) (0.186)
Service Exclusively in the U.S. -0.101* -0.102 -0.044 -0.132
(0.059) (0.125) (0.079) (0.162)
Observations 892 350 542 298
R-squared 0.3*91 0.377 0.449 0.605
8 combat fire-fight - Soverseas nc = 0? [p-value on F-test] 0.155 [0.04] 0.316 [0.04] 0.074[0.41] 0.270[0.16]
Panel C: Cohen Stress Scale
Combat Zone with Firefight 0.342 0.616 0.321 1.040
(0.303) (0.638) (0.558) (0.804)
Overseas Non-combat Service -0.698** -0.550 -0.947** -0.747
(0.336) (0.918) (0.436) (1.000)
Service Exclusively in the U.S. -0.462 -0.566 -0.726 -0.753
(0.299) (0.785) (0.484) (2.037)
Observations 901 358 543 305
R-squared O;§32 0.542 0.121 0.941
3 combat fire-fight - Ooverseas nc = 07 [p-value on F-test] 1.040 [0.00] 1.166[0.17] 1.268 [0.01] 1.787 [0.03]
Panel D: PTSD
Combat Zone with Firefight 0.161*** 0.200** 0.106** 0.176
(0.038) (0.091) (0.047) (0.111)
Overseas Non-combat Service -0.072*** -0.087 -0.036 -0.108
(0.026) (0.086) (0.031) (0.114)
Service Exclusively in the U.S. -0.065* -0.085 -0.023 -0.082
(0.033) (0.107) (0.034) (0.137)
Observations 901 358 543 305
R-squared 0.316 0.546 0.395 0.608

8i combat fire-fight ~ Boverseas nc = 0? [p'Va|Ue on F'tGSt]

FxK ad

0.2337°[0.00] 0.28777[0.00] 0.142**[0.01] 0.2847[0.01]
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Panel E: Injury (Combat Sample)

Combat Zone with Firefight 0.113** 0.327 0.040 0.296
(0.053) (0.283) (0.057) (0.309)
Observations 416 188 228 180
R-squared 0.474 0.689 0.778 0.716
Panel F: Killed or Believed Killed Someone
Combat Zone with Firefight 0.647*** 0.609** 0.688*** 0.559*
(0.060) (0.264) (0.088) (0.303)
Observations 416 188 228 180
R-squared 0.737 0.866 0.887 0.877

Robust standard errors corrected for clustering on the school are in parentheses. *, **, and *** indicate statistical

significance at the 10%, 5%, and 1% levels, respectively. All models use the full set of controls shown in Appendix
Table 1 along with school fixed effects, detailed occupation indicators. In Panels A and B, lagged sleeping problems
controlled. Lagged CES-D scale in Panel C, and Lagged Depression Indicator in Panel D are controlled. Models also

include missing binary indicators for each of the control variables.
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Table 7: Exploring Pathways Through Which Combat Exposure Affects Migraine

Headache
€] (2) (©)] 4) (5) (6) (1)
Panel A: Active Duty Sample
Combat Zone with Firefight 0.104*** 0.099*** 0.107*** 0.087** 0.086** 0.091 0.055
(0.036) (0.035) (0.035) (0.034) (0.036) (0.061) (0.057)
Overseas Non-combat Service -0.007 -0.009 -0.009 0.002 0.002 -0.004 -0.001
(0.040) (0.038) (0.040) (0.038) (0.039) (0.040) (0.038)
Service Exclusively in the U.S. 0.028 0.037 0.031 0.041 0.040 0.034 0.047*
(0.028) (0.026) (0.027) (0.026) (0.028) (0.027) (0.027)
Trouble Staying Asleep 0.031 0.018
(0.028) (0.027)
Trouble Falling Asleep 0.057** 0.054**
(0.027) (0.027)
Cohen Perceived Stress Scale -0.002 -0.004
(0.005) (0.005)
PTSD 0.130%** 0.095*
(0.049) (0.050)
Injured 0.176** 0.136*
(0.072) (0.069)
Killed or Believed Killed Someone 0.024 0.022
(0.060) (0.058)
Observations 902 902 902 902 902 902 902
R-squared 0.279 0.306 0.294 0.305 0.307 0.293 0.326
Sinjured - Soverseas nc = 07 [p-value on F-test] ~ 0.1117[0.03]  0.1087[0.02] 0.1167[0.02] 0.850.07]  0.8470.08]  0.87[0.21]  0.054[0.43]
Panel B: Army Sample
Combat Zone with Firefight 0.140* 0.133* 0.126* 0.132* 0.123 0.086 0.056
(0.072) (0.074) (0.073) (0.073) (0.077) (0.097) (0.102)
Overseas Non-combat Service 0.048 0.053 0.051 0.053 0.054 0.056 0.055
(0.082) (0.088) (0.091) (0.087) (0.087) (0.088) (0.090)
Service Exclusively in the U.S. 0.052 0.053 0.062 0.057 0.059 0.055 0.058
(0.072) (0.069) (0.068) (0.069) (0.070) (0.069) (0.069)
Trouble Staying Asleep -0.026 -0.045
(0.051) (0.048)
Trouble Falling Asleep 0.073 0.072
(0.053) (0.053)
Cohen Perceived Stress Scale 0.017* 0.017*
(0.010) (0.010)
PTSD 0.013 -0.031
(0.078) (0.085)
Injured 0.051 0.042
(0.106) (0.114)
Killed or Believed Killed Someone 0.084 0.119
(0.105) (0.113)
Observations 359 359 359 359 359 359 359
R-squared 0.508 0.525 0.529 0.516 0.518 0.519 0.545
Sinjured - Soverseas ne = 07 [p-value on F-test]  0.092[0.32]  0.08[0.43]  0.075[0.42] 0.079[0.38] 0.069[0.45] 0.03[0.80] 0.001[0.99]

Robust standard errors corrected for clustering on the school are in parentheses. *, **, and *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. All models use the full set of controls (except military

service length) shown in Appendix Table 1 along with school fixed effects, detailed occupation indicators, lagged
migraine, and current (Wave V) neuroticism. Models also include missing binary indicators for each of the control

variables.
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Appendix Table 1: Descriptive Statistics by Migraine Status, Control Variables

Variable Active  Overseas Exclusively Combat Overseas Combat Combat
Duty Sample uU.S. Sample  Non-Combat  Firefight  No-Firefight
Sample Sample Sample Sample Sample
Male 0.802 0.853 0.715 0.875 0.792 0.957 0.810
(0.399) (0.354) (0.452) (0.331) (0.407) (0.204) (0.394)
Height in Inches 69.198  69.462 68.757 69.570 69.161 70.184 69.078
(3.776) (3.772) (3.746) (3.747) (3.840) (3.578) (3.813)
Weight in Pounds 188.748 189.363 187.720  188.795 190.953 190.696 187.274
(37.800) (35.622) (41.223) (34.305) (39.149) (31.834) (36.158)
Missing Information: Weight in Pounds 0.004 0.005 0.003 0.005 0.007 0.005 0.004
(0.067) (0.073) (0.055) (0.069) (0.082) (0.074) (0.066)
Religion: Protestant 0.314 0.319 0.306 0.333 0.277 0.368 0.306
(0.464) (0.466) (0.461) (0.472) (0.449) (0.484) (0.462)
Religion: None, Atheist, or Agnostic Omitted 0.187 0.190 0.181 0.184 0.210 0.195 0.175
(0.390) (0.393) (0.386) (0.388) (0.408) (0.397) (0.381)
Religion: Catholic 0.216 0.224 0.202 0.232 0.203 0.227 0.236
(0.412) (0.417) (0.402) (0.423) (0.403) (0.420) (0.425)
Religion: Other Christian 0.209 0.194 0.234 0.196 0.189 0.162 0.223
(0.407)  (0.396) (0.424) (0.397) (0.393) (0.370) (0.417)
Religion: Other 0.075 0.073 0.077 0.056 0.122 0.049 0.061
(0.263)  (0.260) (0.267) (0.229) (0.328) (0.216) (0.240)
Missing Information:: Religion 0.003 0.005 0.000 0.005 0.007 0.000 0.009
(0.058) (0.073) 0.000 (0.069) (0.082) 0.000 (0.093)
Currently Married 0.536 0.559 0.496 0.560 0.557 0.578 0.546
(0.499) (0.497) (0.501) (0.497) (0.498) (0.495) (0.499)
Divorced 0.131 0.136 0.122 0.135 0.141 0.141 0.130
(0.337) (0.343) (0.327) (0.342) (0.349) (0.349) (0.337)
Had Check-up within Last Year 0.665 0.704 0.598 0.714 0.678 0.697 0.727
(0.472)  (0.457) (0.491) (0.453) (0.469) (0.461) (0.446)
Missing Information: Had Check-up within Last Year 0.001 0.000 0.003 0.000 0.000 0.000 0.000
(0.033) 0.000 (0.055) 0.000 0.000 0.000 0.000
No Health Insurance 0.163 0.120 0.235 0.107 0.157 0.121 0.097
(0.370) (0.326) (0.425) (0.310) (0.365) (0.327) (0.296)
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Missing Information: No Health Insurance
=1 if 25 years old, =0 otherwise

=1 if 26 years old, =0 otherwise

=1 if 27 years old, =0 otherwise

=1 if 28 years old, =0 otherwise

=1 if 29 years old, =0 otherwise, omitted

=1 if 30 years old, =0 otherwise

=1 if 31 years old, =0 otherwise

=1 if 32 years old, =0 otherwise

Log of Personal Earnings

Missing Information:: Personal Earnings
Education: High School

Education: Some College or Vocational Training
Education: College Degree

Education: Graduate or Professional Degree
No Health Insurance

Missing Information:: Health Insurance

0.014
(0.119)
0.037
(0.188)
0.104
(0.306)
0.126
(0.333)
0.191
(0.393)
0.212
(0.409)
0.173
(0.378)
0.142
(0.349)
0.016
(0.124)
10.000
(2.150)
0.030
(0.171)
0.163
(0.370)
0.659
(0.475)
0.146
(0.354)
0.023
(0.151)
0.163
(0.370)
0.014

0.014
(0.118)
0.039
(0.194)
0.094
(0.292)
0.117
(0.322)
0.191
(0.394)
0.214
(0.411)
0.181
(0.385)
0.150
(0.358)
0.014
(0.118)
10.156
(1.953)
0.025
(0.156)
0.149
(0.356)
0.671
(0.470)
0.150
(0.358)
0.023
(0.150)
0.120
(0.326)
0.014
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0.015
(0.121)
0.033
(0.178)
0.122
(0.327)
0.142
(0.350)
0.190
(0.393)
0.208
(0.406)
0.160
(0.367)
0.128
(0.334)
0.018
(0.132)
9.734
(2.429)
0.039
(0.193)
0.187
(0.390)
0.638
(0.481)
0.140
(0.347)
0.024
(0.153)
0.235
(0.425)
0.015

0.014
(0.119)
0.041
(0.198)
0.111
(0.314)
0.123
(0.328)
0.192
(0.395)
0.207
(0.405)
0.180
(0.385)
0.130
(0.337)
0.017
(0.129)
10.252
(1.779)
0.019
(0.138)
0.147
(0.354)
0.671
(0.471)
0.164
(0.370)
0.017
(0.129)
0.107
(0.310)
0.014

0.013
(0.116)
0.034
(0.181)
0.047
(0.212)
0.101
(0.302)
0.188
(0.392)
0.235
(0.425)
0.181
(0.387)
0.208
(0.407)
0.007
(0.082)
9.882
(2.366)
0.040
(0.197)
0.154
(0.363)
0.671
(0.471)
0.114
(0.319)
0.040
(0.197)
0.157
(0.365)
0.013

0.016
(0.127)
0.065
(0.247)
0.081
(0.274)
0.124
(0.331)
0.205
(0.405)
0.211
(0.409)
0.162
(0.370)
0.130
(0.337)
0.022
(0.146)
10.306
(1.719)
0.011
(0.104)
0.168
(0.375)
0.670
(0.471)
0.135
(0.343)
0.022
(0.146)
0.121
(0.327)
0.016

0.013
(0.114)
0.022
(0.146)
0.134
(0.342)
0.121
(0.327)
0.182
(0.387)
0.204
(0.403)
0.195
(0.397)
0.130
(0.337)
0.013
(0.114)
10.208
(1.829)
0.026
(0.159)
0.130
(0.337)
0.671
(0.471)
0.186
(0.390)
0.013
(0.114)
0.097
(0.296)
0.013



Picture Vocabulary Test Score

Missing Information:: Picture VVocabulary Test Score
Log of Parental Income Wave 1

Missing Information: Parental Income

Parent are Never Married

Parent are Married

Parent are Divorced, Separated or Widowed

Missing Information:: Parents' Marital Status
Biological Mother's Education: Less than High School
Biological Mother's Education: High School
Biological Mother's Education: Some College
Biological Mother's Education: College or More
Biological Mother's Education: Not Known

Missing Information: Biological Mother's Education
Months Served in the Military

Rank: Specialist/Corporal

(0.119) (0.118)  (0.121)  (0.119)  (0.116)  (0.127)  (0.114)
103.499 103.436 103.601 103524  103.203  103.526  103.522
(12.907) (13.104) (12.599) (13.437)  (12.214)  (14.759)  (12.244)

0062  0.071 0.048 0.082 0.040 0.054 0.104
(0.241) (0.257)  (0.213)  (0.274)  (0.197)  (0.227)  (0.306)
3548  3.574 3.509 3.614 3.462 3.648 3.585
(0.755) (0.715)  (0.813)  (0.687)  (0.783)  (0.640)  (0.725)
0230  0.258 0.181 0.252 0.275 0.232 0.268
(0.421) (0.438)  (0.386)  (0.435)  (0.448)  (0.424)  (0.444)
0.047  0.045 0.049 0.047 0.039 0.043 0.051
(0.211) (0.208)  (0.217)  (0.212)  (0.195)  (0.204)  (0.220)
0707  0.717 0.692 0.717 0.719 0.710 0.722
(0.455) (0.451)  (0.463)  (0.451)  (0.451)  (0.455)  (0.449)
0.246  0.238 0.259 0.236 0.242 0.247 0.227
(0.431) (0.426)  (0.439)  (0.425)  (0.430)  (0.433)  (0.420)
0121  0.136 0.095 0.135 0.141 0.124 0.143
(0.326) (0.343)  (0.294)  (0.342)  (0.349)  (0.331)  (0.351)
0139  0.131 0.153 0.122 0.155 0.130 0.115
(0.346) (0.338)  (0.360)  (0.328)  (0.364)  (0.338)  (0.320)
0.343  0.346 0.338 0.342 0.358 0.310 0.367
(0.475)  (0.476)  (0.474)  (0.475)  (0.481)  (0.464)  (0.483)
0214  0.224 0.198 0.227 0.216 0.234 0.221
(0.410) (0.417)  (0.399)  (0.419)  (0.413)  (0.424)  (0.416)
0.264  0.269 0.255 0.271 0.264 0.304 0.243
(0.441) (0.444)  (0.436)  (0.445)  (0.442)  (0.461)  (0.430)
0040  0.031 0.057 0.039 0.007 0.022 0.053
(0.197) (0.172) (0.232)  (0.194)  (0.082)  (0.146)  (0.225)
0011  0.012 0.009 0.014 0.007 0.005 0.022

(0.105) (0.111)  (0.094)  (0.119)  (0.082)  (0.074)  (0.146)
56.177 69.628  33.626  73.125  59.866 72481  73.641
(36.694) (33.724) (29.787) (34.491)  (29.461)  (34.060)  (34.897)
0320  0.338 0.291 0.310 0.416 0.303 0.316
(0.467) (0.474)  (0.455)  (0.463)  (0.495)  (0.461)  (0.466)
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Rank: Sergeant

Rank: Staff Sergeant

Rank: First Class Sergeant or Higher
Served in the Army

Service Exclusively in After-September 11
1 or More Enemy Firefights

1 to 3 Enemy Firefights

4 to 19 Enemy Firefights

20 or More Enemy Firefights

Observations

0.275
(0.447)
0.104
(0.306)
0.081
(0.273)
0.398
(0.490)
0.238
(0.426)
0.445
(0.498)
0.166
(0.372)
0.132
(0.339)
0.147
(0.354)

902

0.368
(0.483)
0.149
(0.356)
0.087
(0.282)
0.418
(0.494)
0.234
(0.424)
0.445
(0.498)
0.166
(0.372)
0.132
(0.339)
0.147
(0.354)

565

0.119
(0.324)
0.030
(0.170)
0.071
(0.258)
0.365
(0.482)
0.246
(0.432)

()
()
()
()
337

0.385
(0.487)
0.171
(0.377)
0.103
(0.305)
0.452
(0.498)
0.260
(0.439)
0.445
(0.498)
0.166
(0.372)
0.132
(0.339)
0.147
(0.354)

416

0.322
(0.469)
0.087
(0.283)
0.040
(0.197)
0.322
(0.469)
0.161
(0.369)

()
()
()
()
149

0.400
(0.491)
0.178
(0.384)
0.103
(0.304)
0.541
(0.500)
0.287
(0.453)
1.000
0.000
0.373
(0.485)
0.297
(0.458)
0.330
(0.471)

185

0.372
(0.485)
0.165
(0.372)
0.104
(0.306)
0.381
(0.487)
0.238
(0.427)
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

231

Standard deviations are in parentheses. Unweighted means are generated using Waves | and IV of the National Longitudinal Study of Adolescent Health.
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Appendix Table 2: Evidence on Exogeneity of Deployment Assignment for Army Sample

(1) (2) ©)
Dependent Variable Combat Combat
Combat Firefight Firefight
VS. VS. VS.
Non- Combat Non-

Combat Non-Firefight ~ Combat

Wave 1: Health is Excellent 0.067 -0.006 0.091
(0.122) (0.238) (0.274)
Wave 1: Health is Poor -0.018 -0.446 -0.822
(0.290) (0.449) (0.849)
Height in Inches 0.020 0.028 0.016
(0.025) (0.040) (0.064)
Weight in Pounds -0.002 -0.001 -0.007
(0.002) (0.003) (0.015)
Religion: Protestant 0.086 -0.015 0.009
(0.210) (0.308) (0.603)
Religion: Catholic 0.236 0.139 0.722
(0.231) (0.354) (1.030)
Religion: Other Christian -0.028 0.199 0.719
(0.215) (0.316) (0.712)
Religion: Other -0.163 0.206 0.218
(0.307) (0.441) (0.596)
Male -0.006 0.184 0.995
(0.256) (0.352) (1.315)
Married -0.107 0.111 -0.296
(0.141) (0.328) (0.571)
Divorced -0.179 -0.049 0.098
(0.170) (0.328) (0.570)
Age in Years 0.861 -0.987 5.622*
(1.230) (2.017) (2.882)
Age in Years Squared -0.015 0.015 -0.096*
(0.021) (0.035) (0.049)
Race: Black -0.019 -0.574** 0.366
(0.158) (0.254) (0.519)
Race: Other 0.336 -0.376 0.740
(0.237) (0.381) (2.099)
Race: Hispanic -0.145 -0.671** 0.912
(0.179) (0.322) (1.356)
Log of Personal Earnings 0.015 -0.015 -0.234**
(0.035) (0.054) (0.111)
Education: College or More 0.059 0.307 -0.086
(0.234) (0.292) (0.575)
Picture Vocabulary Test Score 0.001 -0.010 0.022
(0.006) (0.011) (0.016)
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Log of Parental Income 0.010 -0.120 0.347

(0.150) (0.252) (0.404)
Parents are Married 0.102 -0.370 0.321
(0.310) (0.512) (0.951)
Parents are Divorced, Separated or Widowed 0.048 -0.282 0.608
(0.296) (0.602) (1.045)
Biological Mother's Education: Some College 0.114 -0.177 0.977
(0.143) (0.224) (0.605)
Biological Mother's Education: College Degree or -0.025 0.053 0.289
More
(0.158) (0.257) (0.889)
Had Check-up within Last Year -0.087 0.143 0.351
(0.097) (0.185) (0.399)
No Health Insurance 0.015 -0.034 0.013
(0.193) (0.247) (0.688)
Wave | Depression 0.111 0.307 0.200
(0.152) (0.263) (0.385)
Wave | Migraine 0.109 -0.407 0.377
(0.235) (0.369) (0.612)
Wave | Sleep Problems -0.080 -0.152 -0.572
(0.138) (0.275) (0.751)
Observations 236 188 148
R-squared 0.714 0.894 0.964

Robust standard errors corrected for clustering on the school are in parentheses. *, **, and *** indicate statistical significance
at the 10%, 5%, and 1% levels, respectively. All models control for school fixed effects and detailed occupation indicators.
Models also include missing binary indicators for each of the control variables.
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Appendix Table 3: OLS Estimates on Full Sample of Controls

M @ ©) @ ) ®) @
VARIABLES Active Army Non Navy Air Marine Army
Duty Sample Army Sample Force Corps 9/11
Sample Sample Sample Sample Sample
Combat Zone with Firefight 0.104*** 0.140* 0.076 -0.055 0.153 -0.006 0.156*
(0.036) (0.072) (0.051) (0.083) (1.480) (0.144) (0.083)
Overseas Non-combat Service -0.007 0.048 0.011 0.013 -0.113 -0.165 0.106
(0.040) (0.082) (0.050) (0.068) (1.416) (0.190) (0.086)
Service Exclusively in the U.S. 0.028 0.052 0.045 0.043 -0.474 -0.196 0.051
(0.028) (0.072) (0.047) (0.082) (2.481) (0.221) (0.091)
Past Service==1 & Current Service==0 0.013 -0.100* 0.023 0.138 0.666 -0.109 -0.090
(0.031) (0.059) (0.049) (0.135) (1.656) (0.277) (0.074)
Months Served in the Military 0.001** 0.001 0.001 0.002 0.001 -0.002 0.000
(0.001) (0.001) (0.001) (0.001) (0.064) (0.003) (0.001)
Rank: Specialist/Corporal -0.031 -0.054 0.019 0.091 -0.678 0.004 -0.060
(0.030) (0.069) (0.054) (0.088) (0.482) (0.222) (0.113)
Rank: Sergeant -0.051 -0.070 -0.002 0.038 -0.543 0.071 -0.049
(0.040) (0.096) (0.065) (0.120) (1.086) (0.167) (0.129)
Rank: Staff Sergeant -0.113** -0.277*** -0.030 0.099 -0.577 -0.078 -0.240
(0.052) (0.105) (0.093) (0.128) (3.208) (0.331) (0.148)
Rank: First Class Sergeant or Higher -0.070 -0.259** 0.038 0.016 -1.025 0.030 -0.234
(0.053) (0.119) (0.101) (0.174) (1.605) (0.381) (0.167)
Service Exclusively in After-September 11 -0.036 -0.024 -0.086* -0.126 -0.028 -0.363 -0.005
(0.028) (0.053) (0.050) (0.117) (1.682) (0.221) (0.064)
Male -0.113** -0.127 -0.056 -0.108 -0.217 -0.362 -0.129
(0.046) (0.088) (0.081) (0.089) (1.940) (0.501) (0.097)
Height in Inches -0.002 0.008 -0.009 -0.012 0.077 -0.016 0.007
(0.005) (0.012) (0.008) (0.009) (0.145) (0.026) (0.015)
Weight in Pounds 0.000 -0.000 0.001 0.001 -0.005 0.001 -0.000
(0.000) (0.001) (0.001) (0.001) (0.009) (0.002) (0.001)
Religion: Protestant 0.024 0.090 -0.003 -0.020 -1.019 0.010 0.032
(0.029) (0.073) (0.040) (0.089) (1.118) (0.194) (0.089)
Religion: Catholic 0.054 0.179** 0.050 -0.027 -0.665 0.163 0.186
(0.036) (0.087) (0.047) (0.079) (2.709) (0.165) (0.115)
Religion: Other Christian 0.022 0.061 0.038 -0.024 -1.114 0.182 0.007
(0.037) (0.069) (0.063) (0.105) (1.937) (0.186) (0.100)
Religion: Other 0.010 -0.002 0.042 -0.056 -0.813 0.319 0.003
(0.052) (0.075) (0.068) (0.110) (2.027) (0.287) (0.104)
Married 0.004 -0.030 -0.004 0.011 0.609 0.051 0.031
(0.022) (0.053) (0.034) (0.043) (0.611) (0.162) (0.061)
Divorced -0.041 -0.107 0.017 0.065 0.423 0.034 -0.107
(0.029) (0.065) (0.041) (0.080) (0.650) (0.233) (0.082)
=1 if 25 years old, =0 otherwise 0.059 0.215 0.061 -0.096 -1.601 -0.398 0.147
(0.081) (0.202) (0.141) (0.239) (2.311) (0.442) (0.218)
=1 if 26 years old, =0 otherwise -0.051 -0.063 -0.059 -0.078 0.104 -1.550*** -0.096
(0.053) (0.119) (0.084) (0.165) (1.470) (0.494) (0.145)
=1 if 27 years old, =0 otherwise 0.048 0.091 0.001 0.021 0.216 -0.115 0.086
(0.044) (0.115) (0.052) (0.147) (0.736) (0.263) (0.108)
=1 if 28 years old, =0 otherwise 0.054* 0.016 0.031 0.015 -0.009 0.171 -0.023
(0.028) (0.081) (0.054) (0.085) (0.855) (0.143) (0.075)
=1 if 30 years old, =0 otherwise 0.016 -0.036 -0.000 0.005 -0.015 -0.205 0.018
(0.032) (0.083) (0.044) (0.084) (0.767) (0.191) (0.106)
=1 if 31 years old, =0 otherwise 0.048 0.019 0.026 -0.016 0.300 0.112 -0.014
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=1 if 32 years old, =0 otherwise

Log of Personal Earnings

Education: Some College

Education: College

Education: Graduate or Professional Degree
No Health Insurance

Picture Vocabulary Test Score

Log of Parental Income

Parent are Married

Parent are Divorced, Separated or Widowed
Biological Mother's Education: High School
Biological Mother's Education: Some College
Biological Mother's Education: College or More
Biological Mother's Education: Not Known

Had Check-up within Last Year
Observations

R-squared
Scombat ff = Soverseas nc = 0? [p-value on F-test]

(0.038)
0.025
(0.092)
-0.011
(0.007)
0.030
(0.026)
0.003
(0.041)
0.149
(0.114)
-0.001
(0.034)
0.001
(0.001)
0.001
(0.016)
0.005
(0.056)
0.047
(0.063)
-0.008
(0.033)
0.016
(0.038)
-0.007
(0.034)
-0.069
(0.055)
0.023
(0.024)

902
0.279
0.1117°[0.03]

(0.090)
-0.073
(0.251)
-0.002
(0.015)
0.106**
(0.049)
0.065
(0.095)
0.176
(0.133)
0.004
(0.069)
0.002
(0.002)
-0.046
(0.037)
-0.170
(0.163)
-0.074
(0.165)
-0.006
(0.101)
-0.019
(0.106)
-0.071
(0.110)
-0.047
(0.151)
-0.006
(0.060)

359
0.508
0.092[0.32]

(0.061)
-0.061
(0.083)
-0.022%**
(0.008)
0.016
(0.033)
-0.001
(0.064)
0.235
(0.174)
0.015
(0.063)
0.001
(0.002)
-0.002
(0.028)
0.117*
(0.068)
0.129%
(0.076)
0.041
(0.037)
0.042
(0.047)
0.042
(0.043)
-0.107
(0.072)
0.035
(0.033)

543
0.390
0.065[0.30]

(0.075)
-0.090
(0.152)
-0.030
(0.021)
0.016
(0.073)
0.115
(0.087)
0.140
(0.209)
-0.049
(0.110)
0.003
(0.002)
-0.015
(0.044)
0.135
(0.112)
0.224
(0.137)
0.005
(0.099)
-0.001
(0.091)
-0.001
(0.080)
-0.171
(0.232)
-0.010
(0.064)

234
0.827
0.068[0.49]

(0.848)

0.108
(1.326)
0.088
(0.825)
-0.060
(0.801)
1.926%
(1.098)
-1.552
(5.045)
-0.002
(0.037)
-0.338
(0.851)
-0.036
(0.997)
0.165
(1.063)
-0.743
(2.572)
-0.442
(2.745)
-0.362
(2.539)
-0.920
(1.874)
-0.094
(0.991)

152
0.990
0.266[0.92]

(0.210)

0.005
(0.043)
0.051
(0.132)
-0.159
(0.275)
-0.441
(1.080)
0.438**
(0.189)
0.004
(0.007)
0.001
(0.134)
-0.046
(0.342)
0.210
(0.361)
0.348
(0.274)
0.233
(0.253)
0.250
(0.264)
0.651*
(0.350)
0.181*
(0.106)

156
0.861
0.159[0.44]

(0.086)
-0.009
(0.325)
0.001
(0.017)
0.101*
(0.055)
0.083
(0.111)
0.075
(0.185)
0.039
(0.087)
0.003
(0.003)
-0.016
(0.069)
-0.171
(0.189)
-0.102
(0.181)
-0.006
(0.094)
-0.050
(0.114)
-0.099
(0.116)
0.136
(0.166)
-0.017
(0.078)

306
0.565
0.05[0.61]

Robust standard errors corrected for clustering on the school are in parentheses. *, **, and *** indicate statistical significance
at the 10%, 5%, and 1% levels, respectively. All models control for school fixed effects and detailed occupation indicators.
Models also include missing binary indicators for each of the control variables
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Appendix Table 4: Stability of the Estimated Effect of Deployment Assignment on Migraine
Headache

@) ) @) (4) (®) (6) ()
VARIABLES Active Army Non Navy Air Marine Corps ~ Army
Duty Sample  Army  Sample  Force Sample 9/11
Sample Sample Sample Sample

Panel A: Individual Controls (including occupation indicators)

Combat Zone with Firefight 0.105*** 0.128*  0.079 0.009 0.234 0.116 0.143
(0.036)  (0.074) (0.052) (0.083) (0.153) (0.157) (0.090)
Overseas Non-combat Service (%) -0.007 0.047 0.009 -0.001 -0.148 0.031 0.093
(0.039) (0.071) (0.043) (0.053) (0.183) (0.191) (0.078)
Service Exclusively in the U.S. (%) 0.016 0.084 0.015 -0.019 0.064 -0.116 0.070

(0.025)  (0.069) (0.038) (0.069) (0.093) (0.187) (0.078)

Observations 902 359 543 234 152 156 306

Panel B: Individual and Family Controls

Combat Zone with Firefight 0.104*** 0.138* 0.076  -0.008  0.334 0.047 0.168**
(0.035)  (0.072) (0.050) (0.082) (0.294) (0.126) (0.085)

Overseas Non-combat Service (%) -0.009 0.064 0.006  -0.016 -0.075 -0.146 0.128
(0.040)  (0.076) (0.048) (0.070) (0.343) (0.213) (0.083)

Service Exclusively in the U.S. (%) 0.016 0.075 0.020 -0.012 -0.071 -0.217 0.087

(0.025)  (0.072) (0.038) (0.075) (0.166) (0.218) (0.077)

Observations 902 359 543 234 152 156 306

Panel C: Individual, Family, and Military Controls

Combat Zone with Firefight 0.104***  0.140* 0.076  -0.055  0.153 -0.006 0.156*
(0.036) (0.072) (0.051) (0.083) (1.480) (0.144) (0.083)
Overseas Non-combat Service -0.007 0.048 0.011 0.013 -0.113 -0.165 0.106
(0.040) (0.082) (0.050) (0.068) (1.416) (0.190) (0.086)
Service Exclusively in the U.S. 0.028 0.052 0.045 0.043 -0.474 -0.196 0.051

(0.028)  (0.072) (0.047) (0.082) (2.481) (0.221) (0.091)

Observations 902 359 543 234 152 156 306
Robust standard errors corrected for clustering on the school are in parentheses. *, **, and *** indicate statistical significance at the 10%,
5%, and 1% levels, respectively. All models include school fixed effects. Individual controls are health, age, height, weight, religion,
gender, race-ethnicity, income, PPVT score, and occupation dummies. Family controls are parental income, parental marital status and
parental education during high school. Health controls are check-up in the past year and an indicator for health insurance status. Military
controls are rank, branch of service, and timing of service.
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