Running Head: ADHD AND RISK OF PTSD IN U.S. ARMY SOLDIERS

Atte*ion D,icit Hyperactivity Disorder and Risk of Posttraumatic Stress and Related

ds: A Prospective Longitudinal Evaluation in U.S. Army Soldiers

onathon R. Howlett?, Laura Campbell-Sills?, Sonia Jain?, Steven G. Heeringa3,

thew K. Nock?, Xiaoying Sun?, Robert ]. Ursanos, Murray B. Steint.26

1Departm:ychiatry, University of California San Diego, La Jolla, California, USA

2Department of Family Medicine and Public Health, University of California San Diego, La Jolla,
California,

3Universi@igan, Institute for Social Research, Ann Arbor, Michigan, USA

4Depar chology, Harvard University, Cambridge, Massachusetts, USA
5Center for t y of Traumatic Stress, Department of Psychiatry, Uniformed Services
Universi e Health Sciences, Bethesda, Maryland, USA

6VA San Diego Healthcare System, San Diego, California, USA

O Author Note

Tﬂ Army Study to Assess Risk and Resilience in Servicemembers (Army STARRS) was

sponsoWepartment of the Army and funded under cooperative agreement number

This is the :anuscript accepted for publication and has undergone full peer review but has not
been through t

yediting, typesetting, pagination and proofreading process, which may lead to
een this version and the Version of Record. Please cite this article as doi:

This article is protected by copyright. All rights reserved.


https://doi.org/10.1002/jts.22347
https://doi.org/10.1002/jts.22347
https://doi.org/10.1002/jts.22347

ADHD AND RISK OF PTSD IN U.S. ARMY SOLDIERS

U01MHO087981 (2009-2015) with the U.S. Department of Health and Human Services, National
Institutes of Health, National Institute of Mental Health (NIH/NIMH). Subsequently, STARRS-LS
was spom funded by the Department of Defense (USUHS grantHU0001-15-2-0004).
The conte @ olely the responsibility of the authors and do not necessarily represent the

views dfitH@IDEPaRtment of Health and Human Services, NIMH, Department of the Army, or

Departmehnse.

The ArmyQTeam consists of Co-Principal Investigators: Robert ]. Ursano, MD

(Uniformed Sgrviges University of the Health Sciences) and Murray B. Stein, MD, MPH

S

(UniversitSornia San Diego and VA San Diego Healthcare System)

Site Princi tigators: Steven Heeringa, PhD (University of Michigan), James Wagner, PhD

(Universit iehigan), and Ronald C. Kessler, PhD (Harvard Medical School)

Army liaimultant: Kenneth Cox, MD, MPH (USAPHC (Provisional))

§ members: Pablo A. Aliaga, MA (Uniformed Services University of the Health
Scienc id M. Benedek, MD (Uniformed Services University of the Health Sciences);
Laura Campbell-Sills, PhD (University of California San Diego); Chia-Yen Chen DSc (Harvard
Medical S *Carol S. Fullerton, PhD (Uniformed Services University of the Health Sciences);
Nancy Ge@University of Michigan); Joel Gelernter (Yale University); Robert K. Gifford,
PhD (Unif rvices University of the Health Sciences); Paul E. Hurwitz, MPH (Uniformed
Servicez of the Health Sciences); Sonia Jain, PhD (University of California San Diego);
Tzu-Chegam (Uniformed Services University of the Health Sciences); Lisa Lewandowski-
Romps, PhD ;Uni;rsity of Michigan); Holly Herberman Mash, PhD (Uniformed Services
University ealth Sciences); James E. McCarroll, PhD, MPH (Uniformed Services
Univerﬁealth Sciences); James A. Naifeh, PhD (Uniformed Services University of the
Health Sciences); Tsz Hin Hinz Ng, MPH (Uniformed Services University of the Health Sciences);

This article is protected by copyright. All rights reserved.



ADHD AND RISK OF PTSD IN U.S. ARMY SOLDIERS

Matthew K. Nock, PhD (Harvard University); Nancy A. Sampson, BA (Harvard Medical School);
CDR Patcho Santiago, MD, MPH (Uniformed Services University of the Health Sciences); Jordan

W. Smolle!, Mlg, ch (Harvard Medical School); and Alan M. Zaslavsky, PhD (Harvard Medical

|

In fhe past 3 years, Dr. Stein has been a consultant for Actelion, Aptinyx, Bionomics, Dart

Neuroscienge, Ithcare Management Technologies, Janssen, Oxeia Biopharmaceuticals, Pfizer,

and Resilie erapeutics. The remaining authors report no competing interests.
Cor¥@spafdence concerning this article should be addressed to Jonathon R. Howlett, MD

University,

92093. E-lfl!: onwlett@ucsd.edu

E Abstract
Cross- ociations between attention deficit hyperactivity disorder (ADHD) and

posttraunsic stress disorder (PTSD) have been observed, but longitudinal studies assessing

rnia San Diego, Department of Psychiatry, 9500 Gilman Dr., La Jolla, CA

this associati e lacking. This prospective study evaluated the association between
predeploy HD and postdeployment PTSD among U.S. Army soldiers. Soldiers who
deploy(ﬂnistan were surveyed before deployment (T0) and approximately 1 month
(T1),3 mﬁths (Ti), and 9 months (T3) after their return. Logistic regression was performed to
estimate t jation between predeployment ADHD and postdeployment (T2 or T3) PTSD

among 4,6 ers with data at all waves and no record of stimulant medication treatment
during y. To evaluate specificity of the ADHD-PTSD association, we examined
associations a predeployment ADHD, postdeployment major depressive episode (MDE),
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generalized anxiety disorder (GAD), and suicidal ideation. Weighted prevalence of ADHD
predeployment was 6.1% (SE = 0.4%). Adjusting for other risk factors, predeployment ADHD
was assMh risk of postdeployment PTSD, adjusted odds ratio (AOR) = 2.13, 95% CI
[1.51,3.0 1, including incidence among soldiers with no predeployment history of
PTSD, AO =S 5% CI [1.69, 3.69], p <.001. ADHD was associated with postdeployment
MDE,AOR%S% CI[2.01,3.91], p <.001, and GAD, AOR = 3.04, 95% CI [2.10, 4.42],p <

.001, but suici€lal ideation. Recognition of associations between predeployment ADHD and

C

postdeplo SD, MDE, and GAD may inform targeted prevention efforts. Future research

S

should examine whether treatment of ADHD is protective against PTSD and related disorders in

trauma-e dividuals.

Nnu

Attenifio icit Hyperactivity Disorder and Risk of Posttraumatic Stress and Related

d

ers: A Prospective Longitudinal Evaluation in U.S. Army Soldiers

atic stress disorder (PTSD) has been termed one of the “signature wounds” of

Vi

the recent military conflicts in Iraq and Afghanistan (Tanielian & Jaycox, 2008). The prevalence

1

rate of PT mong veterans of these conflicts has been estimated to be between 5-20%

(Ramchan 010). Although combat exposure has been consistently associated with risk

O

for PTSD ( and et al,, 2010) and appears to act in a dose-dependent fashion (Hoge et al,,

2004), most exposed individuals do not develop the disorder. Individual characteristics play a

I

crucial rring additional risk or resilience in the face of exposure to trauma (Kessler,

{

Rose et al,, Further elucidation of these individual factors will help identify those most

U

vulnerable to the disorder while highlighting possible targets for intervention at the

mecha el. These considerations are lent added urgency in light of the modest efficacy of

A
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current treatments for PTSD (Institute of Medicine, 2008) and the near absence of evidence-

based PTSD prevention strategies (Howlett & Stein, 2016).

Pr psychiatric history has been consistently implicated as an important risk
factor for in, Andrews, & Valentine, 2000). One disorder often comorbid with PTSD
I
is attentio!deficit hyperactivity disorder (ADHD; (A. E. Spencer et al,, 2016). Within the last
decade, adﬂD has received increasing attention as a common and often seriously
impairing r. Along with PTSD and intermittent explosive disorder, ADHD is among the

three mosw psychiatric conditions in nondeployed U.S. Army soldiers, with a

prevalencm (Kessler, Heeringa et al., 2014). However, adult ADHD is often
y

unrecognized, 10.9% of individuals who meet ADHD criteria in the general population have

received tRgatment within the last 12 months, a much lower proportion that which has been

reported fmpsychiatric conditions (Kessler et al., 2006).
-sectional studies have demonstrated an association between ADHD and PTSD (A.
E. Spencer et alZ®016). Given that the onset of ADHD is typically earlier than that of PTSD,
these fi been taken to indicate that ADHD is an antecedent risk factor for PTSD.
Furthermage, studies restricted to individuals exposed to trauma have also found an association

between ADHD.and PTSD, which suggests that ADHD may represent a vulnerability in the face

of trauma ¥g an merely increasing the risk of trauma exposure through greater

impulsivitﬂk—taking (A. E. Spencer etal.,, 2016).

Mctive studies have examined the link between ADHD and PTSD. The authors
of one study fo no association between ADHD in children and either trauma exposure or

PTSD at 4-year follow-up (Wozniak et al., 1999). However, a larger study in children found a

ciation between ADHD and increased risk of PTSD at 10-year follow-up (odds

ratio [OR] = 2.23; (Biederman et al,, 2014). An analysis that examined active duty U.S. military
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members who were participating in the Millennium Cohort Study found that the use of
stimulant medications (a first line treatment for ADHD), but not an ADHD diagnosis itself, was
predictMonset PTSD at follow-up (Crum-Cianflone et al.,, 2015). An important
limitation @ udy was that ADHD diagnosis was based on medical record review, which

might Halv&WR@erestimated the prevalence of the disorder.

M(Q high-quality prospective studies are needed to examine the association

between A d PTSD in adults. Additionally, a possible link between ADHD and risk of

other menWers in the context of trauma exposure has been largely unexplored. In the

present stmxamined the association between predeployment ADHD and

postdeplo SD and related disorders using data from the Pre/Post Deployment Study

(PPDS), a gospective, longitudinal component of the Army Study to Assess Risk and Resilience

in Servicem (STARRS; Ursano et al., 2014).

Method

Partici Procedures
The Pre/Post Deployment Study (PPDS) was a multiwave panel survey of members of

three U.S.Mrigade Combat Teams (BCTs; Kessler, Colpe et al., 2013; Ursano et al.,

2014). B 0) assessment of soldiers occurred during the first quarter of 2012,

approxf‘ months before the BCTs deployed to Afghanistan. Follow-up evaluations

took pl ithimm] month of the BCTs’ return to the United States (T1), and at time points 3

months ( i!: ana 9 months (T3) postdeployment. All participants provided written, informed

consent fo -administered questionnaires (SAQs). Baseline SAQ respondents also
were ask. onsent for the collection of blood samples, linkage of SAQ responses to their
Army and D ent of Defense (DoD) administrative records, and contact for participation
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in future assessments. Procedures were approved by the Human Subjects Committees of all

collaborating organizations.

At | 49 soldiers were present for duty in the three BCTs, and 9,488 of these
individual nsented to the SAQ. The majority of soldiers who consented (n = 8,558,
86.0%)1r omplete SAQ data and consent for linkage of responses to their Army/DoD

records. Of thosg respondents, 7,742 were subsequently deployed to Afghanistan. Because the
current st i€d on data from all four assessment waves, the eligible baseline sample of
7,742 sold@restricted to those who completed all follow-ups (n = 4,645). To rule out the
possibility, D treatment (vs. diagnosis) explained differences in risk of postdeployment
PTSD and isorders, we excluded any respondents whose administrative records
indicated @t with any stimulants or other ADHD-specific medications at any time during

the 3 months before deployment through the end of deployment (n = 33). To compensate for

losses due ,and/or T3 attrition, response propensity (based on TO measures available
for bas spondents who did and did not consent to administrative data linkage) and
poststratifi ased on key sociodemographic and Army service variables from consenting

SAQ respondents and from administrative data available for the entire Army), weighting factors

were deve&ed and applied in all analyses (Heeringa, West, & Berglund, 2010).

Measureo

Prfeployment ADHD. The TO survey assessed ADHD symptoms during the preceding

6 months Fing it'ns adapted from the self-administered Composite International Diagnostic

Interview img Scales (CIDI-SC; (Kessler & Ustun, 2004). Prior research has shown the
items to d 1t ADHD with good accuracy (Kessler et al., 2007, 2010). Four initial

screeni ions assessed problems with sustained attention, making careless mistakes, task
completion, an k prioritization. Respondents indicated whether they experienced each
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problem never, rarely, sometimes, often, or very often. If a respondent gave at least two
screening items a rating of sometimes or more, eight additional symptoms were queried, using
the sam scale (never to very often). These symptoms included problems with task

initiation, ering appointments/obligations, organization, and hyperactivity. A final

questiofl aSRE@ M ecther symptoms of inattention and/or hyperactivity had interfered with
work andhnal life none of the time, a little of the time, some of the time, most of the time,
or all or alost alliof the time during the past 6 months. A diagnostic algorithm based on

respondeWs of these ADHD items was validated against structured clinical interviews in
STARRS c

the Army linical reappraisal study (Kessler, Santiago et al., 2013); this clinically

calibrated Eagnosis was the predictor of primary interest for the current study.

Th! ADHD diagnostic variable did not incorporate an age-of-onset criterion; however, a
sensitivitym was conducted to evaluate whether results were comparable when

predeploy HD with probable childhood- or adolescent-onset was considered as a

predictor® able childhood- or adolescent-onset ADHD was defined as self-reported age-of-

onset o ears or younger. Sensitivity models estimated associations of childhood- or

adolescent-onset ADHD with the postdeployment outcomes of interest.

PTSD_Past-month PTSD at either postdeployment assessment (i.e., T2 or T3) was the

generalifﬂr disorder (GAD), and suicidal ideation (SI) at T2 or T3 were examined as
secondary iu coifs. Predeployment PTSD, MDE, GAD, and SI (current vs. lifetime but not

current vs iagnosis at TO) were adjusted for in certain models (see the Data Analysis

primary ot pf interest. Past-month postdeployment major depressive episode (MDE),

subsectio itivity analysis also added adjustment for predeployment score on the PTSD
Checklist tsi#ifem screening version; (Wilkins, Lang, & Norman, 2011) to models of PTSD

outcomes.
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Other mental disorders and suicidal ideation. Mental disorder diagnoses were based
on items from the CIDI-SC (Kessler & Ustun, 2004) and PTSD Checklist (Weathers, Litz, Herman,
Huska, M‘B) and validated against structured clinical interviews in the Army STARRS
clinical rea m study (Kessler, Santiago et al., 2013). Suicidal ideation was established
using aflle FpaAdeEd self-report version of the Columbia Suicide Severity Rating Scale (Posner et
al, 2011). h were asked, “Did you ever in your life have thoughts of killing yourself?” If

an individ@al ans@ered yes, they were asked “Did you have these thoughts at any time in the

past 30 dam

W sidered mental disorder symptoms during deployment as secondary
outcomes. survey contained items that assessed core symptoms of PTSD, MDE, and GAD.

The five it€ins related to PTSD were highly internally consistent (Cronbach’s a = .84), as were

the items MDE and GAD (seven items total; Cronbach’s a =.90). Ratings in each
domain w ed to create indices of PTSD symptom severity (range: 0-20) and MDE/GAD
sympto ity (range: 0-28) during deployment.

graphic and Army service variables. Participants completed surveys
regarding ﬁmographic and military variables at TO. These variables included age, sex, race,

ethnicity, education level, BCT, and number of prior deployments. All variables were adjusted

for in all

OtRer covariates. Because both proximal and distal trauma exposures may contribute

to risk fi d associated disorders, we adjusted for deployment stress and childhood

{

maltreatmenti models. Level of combat and/or deployment stress (assessed at T1) was

U

quantified usin eployment Stress Scale (DSS; possible score range: 0-16) as described in a

previo ished report (Campbell-Sills et al.,, 2017). Another Army STARRS report

A

explained the derivation of a global childhood maltreatment scale (Stein et al., 2018). Scores on

This article is protected by copyright. All rights reserved.



ADHD AND RISK OF PTSD IN U.S. ARMY SOLDIERS

this scale represent the average frequency of exposure to five subtypes of maltreatment
subtypes (sexual abuse, physical abuse, emotional abuse, physical neglect, and emotional
neglectal childhood maltreatment scale is scored on a scale of 1 (never) to 5 (very
often) and @ d satisfactory internal consistency in this sample (Cronbach’s a =.78).
Finally, "8 e E@WS@@€ployment-acquired traumatic brain injury (TBI) has been shown to be
associatedhstdeployment PTSD and related disorders (Stein et al., 2015) and sequelae of
TBI may inglude aftentional symptoms, we adjusted for presence (vs. absence) of deployment-
acquired Tmmodels. A history of predeployment lifetime TBI was initially considered for

inclusion as a predictor but it was found to be unassociated with ADHD diagnosis at TO, x2(2, N =

4574) = 3. =41 84, and not predictive of postdeployment PTSD or other disorders under

L

considera .

§

Data Analysi

ed weighted prevalence of ADHD at TO. Weights-adjusted logistic regression
was used to es te the association between predeployment ADHD and postdeployment PTSD
(at T2 full sample. A subgroup model also examined the association of

predeploysent ADHD with incidence of PTSD (at T2 or T3) among soldiers without lifetime

alogous models were fit to examine associations among predeployment ADHD

aid suicidal ideation at T2 or T3. Weights-adjusted linear regression was used
to estimat tions between predeployment ADHD and severity of PTSD and MDE and/or

GAD symptoms during deployment.

All'mo were adjusted for age, sex, race, ethnicity, education, BCT, number of prior
deployments, combat and/or deployment stress, childhood maltreatment, and deployment-
acquir nalyses conducted using data from the full sample were also adjusted for

predeployment history of the disorder in question (e.g., predeployment PTSD was included in

This article is protected by copyright. All rights reserved.
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the model of postdeployment PTSD and predeployment MDE was included in the model of
postdeployment MDE). Models of postdeployment suicidal ideation were adjusted for both
predeployeﬁsuicidal ideation and predeployment MDE. The PPDS data were clustered by
BCT and a¢ @ ation session and weighted; thus, the design-based Taylor series linearization
method®v58W8&@™o estimate standard errors. Multivariable significance was examined using
design—ba& chi-square tests. Two-tailed p values less than .05 were considered
significant@Logistic regression model fits were assessed using the Hosmer and Lemeshow

goodness-@hfj . Analyses were conducted using R (Version 3.3.2; R Core Team, 2013).

Results

USE

Descriptiv, gs

[

The weighted prevalence of ADHD at TO (predeployment) was 6.1% (SE = 0.4%).

Prevalenceéiof did not differ by sex, race, ethnicity, or age, ps=0.271-0.818. The weighted

&

preval D at TO with self-reported age of onset before age 18 years was 3.1% (SE =

0.3%) an differ by the aforementioned demographic characteristics, ps =.177-.669.

i

The prevalence of comorbid ADHD and PTSD at TO was 1.7%.

{

ADHD as or of Postdeployment Disorders

O

P logistic regression analysis that was adjusted for demographic

characterigtics and risk factors (age, sex, ethnicity, race, BCT, number of prior deployments,

g

combat angd/or deployment stress, childhood maltreatment, and deployment-acquired TBI) as

{

well as pr ent PTSD, predeployment ADHD was strongly associated with increased

U

odds of pa postdeployment (T2 or T3) PTSD, adjusted odds ratio (AOR) = 2.13, 95% CI

[1.51, 001 (see Table 1). The Hosmer and Lemeshow goodness-of-fit test revealed a

A
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satisfactory model fit, x2(8, N = 4,534) = 11.39, p =.180. Figure 1 shows prevalence of

postdeployment mental disorders by predeployment (T0) ADHD status.

To&cidence of PTSD at T2 or T3, we tested the same model among soldiers

without li at TO. Predeployment ADHD was again associated with increased odds of
I

postdeplogent past-month PTSD, AOR = 2.50,95% CI [1.69, 3.69], p <.001. The Hosmer and

Lemeshow@ss-of—ﬁt test revealed a satisfactory model fit, x2(8, N=4,022)=991,p =

272.

Wmaluated whether predeployment ADHD was associated with increased

severity of PTSD S§mptoms during deployment (as assessed at T1). Weights-adjusted linear

Gl

regression justment for sociodemographic characteristics, BCT, number of prior

1

deployme ildhood maltreatment, deployment stress, deployment-acquired TBI, and

predeployine D showed that predeployment ADHD was positively associated with PTSD

a

sympt during deployment, b = 1.84,95% CI [1.27, 2.41], x2(1, N=4,511)=39.72,p <

.001 (see Tab

v

MDE. After adjusting for predeployment MDE as well as demographics and risk factors,

[

predeplo t ADHD was associated with increased odds of past-month MDE at T2 or T3, AOR

=2.80, 959 1, 3.91], p <.001, with satisfactory model fit revealed by a Hosmer and

O

Lemeshow ess-of-fit-test, x2(8, N = 4534) = 4.34, p = .825. Predeployment ADHD was also

associated@vith increased odds of past-month MDE at time T2 or T3 when soldiers with lifetime

g

MDE pr

{

t were excluded, AOR = 3.24, 95% CI [2.06, 5.08], p <.001, with satisfactory

model fit revea y a Hosmer and Lemeshow goodness-of-fit test, x2(8, N=4,126) = 13.12,p =

U

.108.

deployment ADHD was associated with increased odds of past-month GAD at

A

time T2 or T3 after adjusting for predeployment GAD as well as sociodemographic variables and

This article is protected by copyright. All rights reserved.
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risk factors, AOR =3.04,95% CI [2.10, 4.42], p <.001, with satisfactory model fit revealed by a
Hosmer and Lemeshow goodness-of-fit test, x2(8, N = 4,534) = 11.78, p =.161. An otherwise
identical *ael which excluded soldiers with lifetime GAD predeployment also revealed a

significan @ ion, AOR = 5.29, 95% CI [3.26, 8.59], p <.001, with satisfactory model fit

revealed bE‘er and Lemeshow goodness-of-fit test, x2(8, N = 4,178) = 8.10, p = .424.

SuigidalWideation. After we adjusted for sociodemographic variables, predeployment
suicidal idgd MDE, and other risk factors, predeployment ADHD was not significantly
associateWt—month suicidal ideation at T2 or T3, AOR = 1.46, 95% CI [0.93, 2.30],p =
.103, with ory model fit revealed by a Hosmer and Lemeshow goodness-of-fit test, x2(8,
N= 4,534): p =.208. Similarly, no association between predeployment ADHD and
incidence g suicidal ideation among soldiers with no predeployment history of suicidal ideation
was apparm= 1.40,95% CI [0.70, 2.82], p = .342, with satisfactory model fit revealed by a

Hosmer andiL how goodness-of-fit test, x2(8, N = 4,021 ) = 10.14, p = .256.

Combi MDE and GAD symptoms during deployment. A weights-adjusted linear
regres justment for sociodemographic characteristics, BCT, number of prior
deployme!s, childhood maltreatment, deployment stress, deployment-acquired TBI, and
predeploym DE and GAD showed that predeployment ADHD was associated with a higher

level of M symptom severity during deployment, b = 1.64, 95% CI [1.00, 2.28]; x2(1,N =

4,481) ﬂ 001.

M analyses. We repeated all analyses described earlier using predeployment

ADHD wit@nset before 18 years as a predictor. Associations among ADHD and
postdeployment BI'SD, MDE, and GAD (including new-onset of PTSD, MDE, and GAD among
soldier@edeployment history of the disorder in question) remained statistically
significant and of substantial magnitude, AORs = 1.59-4.42. Associations between ADHD and

This article is protected by copyright. All rights reserved.
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PTSD and MDE/GAD symptom severity during deployment also remained significant and of

comparable magnitude.

F'H.

urther test robustness of the associations between predeployment ADHD and
the prima PTSD), we ran sensitivity models of PTSD outcomes that also included

I
adjustmenfifor predeployment PTSD symptom severity (TO score on the six-item PTSD
Checklist). s th&full sample, predeployment ADHD remained significantly associated with
postdeploy’ TSD diagnosis, AOR = 1.74,95% CI [1.22, 2.49], p =.002, and PTSD symptom
severity dwmyment, b =1.50,95% CI [0.92, 2.07], x2(1, N = 4,511) = 26.00, p <.001.

Additionall¥# remained significantly associated with PTSD incidence among soldiers

without li SD as reported at TO, AOR = 1.99, 95% CI [1.30, 3.03], p =.001. The full

results of !e sensitivity analyses are available upon request.

m Discussion

at predeployment ADHD in U.S. Army soldiers who were deployed to
Afghanis strongly associated with PTSD both during and after deployment. This

association was present after adjusting for other risk factors, including predeployment PTSD

]

and comb ress severity, whether a dichotomous PTSD diagnosis postdeployment or PTSD

symptom @during deployment was the outcome of interest and whether or not ADHD

was restrict cases with in which individuals had childhood/adolescent- or adult-onset

ADHD. Adjusted odds ratios that characterized the association between predeployment ADHD

h

and po t PTSD diagnosis suggested that preexisting ADHD was associated with a

{

roughly doubled$isk of postdeployment PTSD.

U

Alt fairly large body of cross-sectional studies have demonstrated an association
between d PTSD (A. E. Spencer et al., 2016), prospective trials examining this

association are extremely sparse. Two prospective studies in children yielded conflicting

This article is protected by copyright. All rights reserved.
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results (Biederman et al.,, 2014; Wozniak et al., 1999). However, the negative finding by
Wozniak et al. (1999) should be interpreted with caution given the very low rate of trauma
exposumreported in either group in that study (12% of ADHD probands and 7% of
controls) a @ ates of development of PTSD (two participants in the ADHD and no
control8). PEsaAPle of active-duty U.S. military members from the Millennium Cohort Study did
not show hation between ADHD diagnosis and subsequent new-onset PTSD but did

demonstrate an agsociation between use of stimulant medications and PTSD (Crum-Cianflone et

C

al,, 2015). mntly, the Millennium Cohort Study used medical record data to establish

symptoms

ADHD diagnosis'whereas in the present study, all participants completed a survey on ADHD
Ene. Given that adult ADHD is less likely to be recognized and treated than

other psyﬁnditions, this may have been a major contributor to the discrepancy in

findings b e two studies. Indeed, the prevalence of ADHD in the Millennium Cohort

Study was@.1 pared to the weighted prevalence of 6.1% reported in the present study
where rtion of individuals who were taking a prescription stimulant and had a
recorded A gnosis was only 49.6% (indications for stimulant prescription among the

remaining participants were not recorded). It is also unclear whether the individuals receiving
stimulantﬁay have had more severe ADHD symptoms than those who were not receiving
stimulants would to explain the association between stimulants and PTSD in that study.
In the preSQy, the association between ADHD and PTSD cannot be explained by stimulant

medicatios as soldiers who were prescribed stimulants were excluded from analysis. We

cannot rull out tg possibility, however, that some soldiers took stimulants without a

prescripti:

The st association between ADHD and PTSD suggests an underlying shared
patholo ay be leveraged in the development of new prevention and treatment

strategies. Indeed, several lines of evidence have suggested that ADHD and PTSD may be

This article is protected by copyright. All rights reserved.
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mechanistically related. There is overlap in the symptomatic manifestations of the two
disorders, including irritability, excessive motor activity, concentration difficulties, impulsive
behavio#exaggerated startle response (Daud & Rydelius, 2009). The disorders share
prominent @ tal cortical dysfunction and abnormal catecholamine transmission (Arnsten,
2007). A JE@¥Eeffamilial transmission concluded that ADHD and PTSD share familial risk
factors anhoccurrence is not due to diagnostic errors (Antshel et al., 2013). Preliminary

evidence identified specific genetic risk factors common to both disorders, including

€

polymorp the dopamine transporter gene and cannabinoid receptor gene (Drury, Brett,

LS

Henry, & Scheeringa, 2013; Onaivi, 2009; T. ]. Spencer et al., 2013). In addition to genetics,

environmeptal fagfors may contribute to the association between ADHD and PTSD. Early

adversity the most consistent risk factors for PTSD (Breslau, 2009) as well as for

N

depressio iety disorders (Heim & Nemeroff, 2001) whereas individuals with ADHD

also exhibit el d rates of childhood abuse (Rucklidge, Brown, Crawford, & Kaplan, 2006). In

d

the pre hildhood maltreatment was included as a covariate in analyses in order to

adjust for t ociations.

)

Although high comorbidity between ADHD and other psychiatric disorders (including

[

major dep isorder and GAD) has been previously observed (Kessler et al., 2006), the

role of AD w e risk of onset of these disorders in the context of trauma exposure has been

unclear. Th nt study found evidence for robust associations between predeployment

N

ADHD loyment MDE and GAD, including incidence of these disorders among

soldiers

{

etime history of MDE and GAD prior to the index deployment. These findings

suggest that indivilduals with ADHD may exhibit generally decreased resilience in the face of

U

trauma as op to specific vulnerability to PTSD. Future research can investigate additional

potenti lae of trauma exposure in individuals with ADHD, including possible worsening

A
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of ADHD symptoms and overall functional impairment, as well as any factors that differentially

predict specific postdeployment symptoms.

In ral population, ADHD has been linked to elevated risk of suicidal ideation,
suicide att o ompleted suicides (Impey & Heun, 2012; James, Lai, & Dahl, 2004);

H I
however, ! our study, we found that predeployment ADHD was not independently associated

with postdgplo nt suicidal ideation. Given evidence that co-occurring mental disorders (e.g.,
depressiouute substantially to an increased risk of suicidal behaviors among
individualWHD (Impey & Heun, 2012; James et al., 2004), our models estimating
associatio en predeployment ADHD and postdeployment suicidal ideation adjusted for
both lifetig

ry of suicidal ideation and predeployment MDE. In the presence of these

controls, 4edeployment ADHD was not associated with postdeployment suicidal ideation.

ThE'i W sed risk of deployment-related PTSD associated with preexisting ADHD raises

the questi ether treatment of preexisting ADHD may be protective in individuals
exposed to trag. Although it has been proposed that stimulant medications (a first-line
treatm D) could heighten the risk of PTSD by increasing brain norepinephrine and
thus strenshening traumatic memories (Crum-Cianflone et al., 2015; Herbst, McCaslin, &

Kalapatapu, , preclinical and clinical research has suggested that stimulants may have

beneficial @ individuals who have been exposed to trauma. The stimulant
methylph ppears to enhance extinction of contextual fear in mice (Abraham,

Cunning , tal, 2012) and improve PTSD-like symptoms in a rat model, particularly

when compji ith the antidepressant desipramine (Aga-Mizrachi et al,, 2014). Additionally,
arecentr iged controlled trial in humans found that methylphenidate was associated

with sub improvement in PTSD symptoms (McAllister et al., 2016). Additional research
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is needed to clarify the risks and benefits of stimulant medications in individuals with ADHD

who are at elevated risk for exposure to trauma, such as those on combat deployments.

Th large sample, detailed longitudinal assessments, and exclusion of individuals
who had b ed stimulants (in order to rule out an effect of medication) were

I I
strengths Sthis study, there were also limitations. Diagnoses were based on self-report rather

{

than strucggtedi@linical interviews. As noted above, the diagnostic instruments have been
validated a structured clinical interviews in the Army STARRS clinical reappraisal study
(Kessler, Wt al,, 2013). Perhaps more importantly, our ability to assess the age of ADHD
onset was o subjects’ self-report. The fifth edition of the Diagnostic and Statistical
Manual of isorders (DSM-5; American Psychiatric Association [APA], 2013) requires
several iné!tentive or hyperactive-impulsive symptoms to be present prior to age 12 years in
order to emn ADHD diagnosis (American Psychiatric Association, 2013). In clinical

practice, c ADHD symptoms are typically assessed via parent and teacher report

wherea mptoms are more often assessed via self-report (Caye et al., 2016), which
raises n that retrospective self-report of childhood symptoms and age of onset of the

disorder may have limited accuracy. It is important to note that recent research has called into

question thlption that adult ADHD typically represents a continuation of a childhood

disorder stead found that a large proportion of adult ADHD cases begin during
adulthood ested that childhood- and adult-onset ADHD may exhibit distinct clinical and
mecha»ﬁgteristics (Agnew-Blais et al., 2016; Caye et al., 2016; Moffitt et al., 2015). In
the prewwe decided to perform sensitivity analyses using ADHD with self-reported

age of onseth 18 years as the predictor, thereby providing evidence that the established
associations b en ADHD and PTSD (and some other postdeployment disorders, such as MDE
and GA{u‘esent among those respondents who recalled attentional problems during
childhood and/or adolescence. Future studies with access to more complete information

This article is protected by copyright. All rights reserved.
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regarding childhood symptoms can examine these associations in more detail. A final limitation

was the inability to know which individuals were completely stimulant naive.

In , we found robust evidence for strong associations between predeployment
ADHD and ment PTSD, MDE, and GAD in a large sample of U.S. Army soldiers who

I
were depl@yed to Afghanistan. Recognition of the association between ADHD and

{

postdeployasienfidisorders may inform targeted prevention efforts that aim to reduce onset of
PTSD anduisorders following military deployment. It remains unclear whether
treatmentw is protective against PTSD and other disorders, a question that is an
importantm future study. Furthermore, investigation of possible mechanistic links

between A d PTSD may yield advances in prevention and treatment approaches.
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Variable AOR 95% CI X2 df
Age (yeari 7 1.02 [1.01, 1.04] 7.66%* 1
Sex Q 3.58 1
Male _! 1.00

Female O 1.54 [0.99, 2.41]

Race w 6.93 3
White : 1.00

Asian C 1.37 [0.83,2.27]

Black 1.12 [0.76, 1.65]

Others m 1.51 [1.0,2.17]

Ethnicity E 1.02 1
Non-Hispanic 1.00

HispanicL 1.18 [0.85, 1.64]

EducationO 11.47** 2
Highs£ 1.00

GED : 1.51 [1.04,2.19]

College degree 0.73 [0.57,0.93]

Prior dﬂ 0.27 2
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None 1.00

One i 7 1.02 [0.77, 1.36]

Two or 0.96 [0.73, 1.25]

Childhdodnaltreatment  1.36 [1.11,1.65] 9.15**

(raw score range=1-5)

Predeployment PTSD 96.11%**

None w 1.00

Lifetime, :ent 2.76 [2.03, 3.75]

Current C 5.20 [3.49, 7.75]
Deploym@ 1.23 [120,127]  215.86**
severit]
range=0—:;E
Deployment-acquired 18.42%%%
TBI L

None rep@ 1.00

One or m§; re;orted 1.65 [1.31,2.07]
Predeployweﬁ)HD 18.78***

No : 1.00

Yes < 2.13 [1.51, 3.00]
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Note. AOR = adjusted odds ratio; df = degrees of freedom; GED = General Equivalency Diploma;

TBI = traumatic brain injury.

T

*p < .05. **du <.001.

aN = 4,534

Cr

Table 2

Results of wéxdjusted Linear Regression Evaluating Effect of Predeployment Attention

Deficit Hy@ Disorder (ADHD) on Posttraumatic Stress Disorder (PTSD) Symptom Severity

During Deployment

N

Variable 95% CI x2a df
Wyearsg 0.005 [-0.013, 0.022] 0.28 1

Female§nce: Male) 0.87 [0.58,1.17] 33.371%*x* 1
Race (Reference: White) 7.88* 3

Asian L 0.60 [-0.07,1.28]

Black O 0.20 [-0.07,0.47]

Others ! 0.44 [0.04, 0.84]
Education {Reference: High 0.27 2
school de

GED -0.04 [-0.40, 0.33]

A
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College degree

Prior deplgyments (Reference:

O

One w s—

Two or more

Childhood maltreatment (raw

score range,

Predeployment PESD (Reference:

US

Lifetime, ment
Current

Deployme S (raw score

M

range: 0-16)

1

Deployme ed TBI

HD

O

Predeploy

-0.06

0.27

0.17

0.31

1.92

3.20

0.50

1.38

1.84

[-0.30, 0.18]

[-0.01, 0.55]

[-0.10, 0.44]

[0.12, 0.51]

[1.47,2.37]

[2.50,3.90]

[0.45, 0.55]

[1.04,1.72]

[1.27,2.41]

3.5

9.78**

123.771%**

364.2%**

62.33***

30.7 2%

Note. df =

th

injury.

3

*p < .05. ** *p < .001.

aN =4,

A
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Figure 1. P, e of postdeployment mental disorders by predeployment (T0) attention
deficit and hypé¥fdctivity disorder (ADHD) status. Postdeployment disorders were considered
presenti

ic criteria were met at 3 or 9 months postdeployment (T2 or T3). Between-

groups

WYl

were significant for all outcomes, x2(1, N=4612) = 58.5-255.22, ps <.001.

However, these comparisons and the estimates shown in the figure are unadjusted whereas the

J

predictive f the effects of predeployment ADHD on postdeployment posttraumatic

stress disd SD), major depressive episode (MDE), generalized anxiety disorder (GAD),

and suicidadgi ion (SI) control for a wide range of factors. Predeployment ADHD was not

N

signific ated with postdeployment SI after imposing these controls but did display

t

independent associations with the other outcomes.

AU
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