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Abstract

This study examined attention-deficit/hyperactivity disorder (ADHD) comorbidity in military
veterans with a high prevalence of posttraumatic stress disorder (PTSD) and evaluated the
relationships between the 2 disorders and exposure to traumatic events. The sample included 222
male and female military veterans who were administered structured clinical interviews based on
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. Results show that
54.5% met the criteria for current PTSD, 11.5% of whom also met the criteria for current adult
ADHD. Level of trauma exposure and ADHD severity were significant predictors of current PTSD
severity. Evaluation of the underlying structure of symptoms of PTSD and ADHD using
confirmatory factor analysis yielded a best-fitting measurement model that comprised 4 PTSD
factors and 3 ADHD factors. Standardized estimates of the correlations among PTSD and ADHD
factors suggested that the largest proportion of shared variance underlying PTSD-ADHD
comorbidity is related to problems with modulating arousal levels that are common to both
disorders (ie, hyperarousal and hypoarousal).

1. Introduction

Posttraumatic stress disorder (PTSD) is an extreme psychobiological reaction to a traumatic
event characterized by marked disturbances in cognitive, affective, behavioral, and
physiological functioning. The Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-/V~TR)[1] defines PTSD by 3 core symptom clusters:
(1) intrusive reexperiencing of traumatic events, (2) avoidance of reminders of traumatic
events and emotional numbing, and (3) general hyperarousal (ie, sleep problems, irritability/
anger, difficulty concentrating, hypervigilance, and startle response). Epidemiologic and
clinical studies have shown that an overwhelming majority of individuals diagnosed with
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PTSD meet the criteria for at least 1 additional Axis | disorder (ie, >80%), and a substantial
percentage meet the criteria for 3 or more other psychiatric diagnoses [2—4]. Based on
epidemiologic data from the National Comorbidity Survey [3], lifetime prevalence estimates
of the most common Axis | disorders comorbid with PTSD included major depressive
disorder (48%-49%), substance use disorders (27%-52%), and other anxiety disorders
(specific phobias, social phobia, panic disorder, agoraphobia: 7%-31%).

There is also accumulating evidence suggesting that substantial comorbidity exists between
PTSD and attentiondeficit/hyperactivity disorder (ADHD), with prevalence estimates
ranging from 12% to 37% across the lifespan [5-8]. The DSM-/V-TR defines ADHD by 2
primary symptom dimensions, inattention and hyperactivity-impulsivity. Despite evidence of
considerable comorbidity between PTSD and ADHD, relatively few studies have examined
the nature of the overlap between these 2 disorders. Thus, the primary objectives of the
current study were to examine ADHD comorbidity and trauma exposure in a sample of
military veterans with a high prevalence of PTSD and to investigate the specific nature of
associations among symptoms of these 2 disorders. An improved understanding of the
covariation between symptoms of PTSD and ADHD represents an important step toward
advancing the mental health treatment of individuals who present with both disorders and
developing risk reduction and prevention programs for populations at risk for high trauma
exposure.

1.1. The relationship between PTSD-ADHD comorbidity and exposure to psychological

trauma

There is mixed evidence regarding the role of trauma exposure in PTSD-ADHD
comorbidity. Adler and colleagues [5] suggested that ADHD may be one risk factor that
increases vulnerability for developing PTSD after trauma exposure, based on their finding
that patients with PTSD reported higher levels of childhood ADHD relative to patients with
panic disorder. Some longitudinal studies have found that early exposure to trauma was
significantly associated with a diagnosis of childhood ADHD [9] as well as a lifetime
diagnosis of ADHD [10]. Similarly, a longitudinal study by Koenen and colleagues [11]
found that individuals were 50% more likely to experience a psychological trauma if they
had problems with hyperactivity, antisocial behavior, and difficult temperament during
childhood as compared with individuals without such a history. Furthermore, there is
evidence that children and adolescents diagnosed with ADHD are at greater risk for
sustaining severe injuries [12—-14] and that adolescent and adult drivers with ADHD are
much more likely to have traffic violations and motor vehicle accidents relative to drivers
without ADHD [15]. Additional studies have found elevated rates of physical and sexual
abuse among children diagnosed with ADHD relative to a comparison group without ADHD
[16-18] or children diagnosed with adjustment disorder [19]. In contrast, Wozniak and
colleagues [20] reported no significant differences in the rate of trauma exposure or the
development of PTSD between children diagnosed with ADHD and controls.

1.2. Potential mechanisms underlying PTSD-ADHD comorbidity

A number of hypotheses have been advanced regarding potential mechanisms underlying the
high levels of comorbidity of PTSD with other psychiatric disorders [21], several of which
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are relevant for understanding the comorbidity between PTSD and ADHD. First, it has been
proposed that the presence of certain psychiatric disorders may function as a risk factor for
the development of PTSD, and these disorders may have been present before the trauma
exposure[22]. There is evidence suggesting that the presence of early childhood risk factors
(eg, pretrauma psychopathology including antisocial behavior, hyperactivity, and conduct
disorder; family psychiatric history; and general childhood adversity) may play an important
role in the development of PTSD [11,23]. Childhood ADHD may function as a risk factor
for trauma exposure, such that children with ADHD may place themselves in riskier
situations relative to their non-ADHD peers, thereby increasing their risk for certain types of
trauma exposure, including physical injuries, physical and sexual abuse, neglect, and
parental conflict [18,24]. In addition, children who are exposed to traumatic events might be
more vulnerable to experiencing an exacerbation of ADHD symptoms. In support of this
hypothesis, childhood physical and sexual abuse have been linked to increased externalizing
problems including hyperactivity, impulsivity, aggression, anger, and physical attacks [25—
27].

Another possible explanation for psychiatric comorbidity is the common-factor hypothesis,
which postulates that the observed covariations between seemingly distinct disorders reflect
manifestations of a common, unobserved latent psychopathology dimension [28-30]. One
candidate for a common factor underlying PTSD-ADHD comorbidity is likely related to
shared temperament or personality traits that confer the risk for psychopathology. The
personality trait of neuroticism/negative emotionality (NEM) is a fairly nonspecific factor
that contributes to a broad array of mental disorders, and it has been linked to disorders
spanning the internalizing and externalizing spectrums [31-33]. Research examining the
relationship between personality/temperament and ADHD has suggested that this diagnostic
group is often characterized by high NEM, low constraint (CON), low conscientiousness or
low effortful control, low reactive control, and low agreeableness [34—36]. Moreover,
problems with CON, behavioral disinhibition, and executive control have been hypothesized
to play a central etiologic role in ADHD [37-39]. Thus, problems in the domain of high
NEM and behavioral disinhibition (ie, low CON) may underlie the expression of ADHD.
Similarly, research on structural models of PTSD and its comorbidity by Miller and
colleagues [40-42] suggests that high NEM is the primary personality risk factor involved in
the development of PTSD and that externalizing forms of posttraumatic psychopathology
reflect a tendency toward both high NEM and low CON. Based on the common-factor
hypothesis, we expected that the strongest associations between PTSD and ADHD would be
those thought to reflect generalized distress (ie, negative affectivity, NEM, or dysphoria) as
opposed to traumaspecific symptoms.

1.3. Associations between specific symptom clusters of PTSD and ADHD

Another important step toward improving our understanding of the specific nature of PTSD-
ADHD comorbidity is to examine the associations between symptoms of the 2 disorders.
There are no known factor analytic studies that have examined the factor structure of PTSD
and ADHD simultaneously. Only 2 studies have examined the associations between specific
symptom clusters of PTSD and ADHD, and both studies focused on children. Ford and
colleagues [19] found that children with ADHD showed significantly higher parent-reported
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reexperiencing and hyperarousal symptom scores than did children with adjustment
disorder; however, the 2 groups did not differ in their hyperarousal symptom levels after
accounting for the one overlapping symptom between ADHD and PTSD (ie, concentration
problems). It is unclear if the higher reexperiencing symptoms in the ADHD group are a
robust and reliable finding considering that ratings of PTSD symptoms were based on parent
report only. Husain et al[43] reported stronger associations between the inattentive
symptoms of ADHD and all PTSD symptom clusters relative to the hyperactive-impulsive
symptoms in a sample of Sarajevan children who were exposed to the Bosnian War. The
study of Husain et al also revealed the strongest association between ADHD inattention
symptoms and PTSD hyperarousal symptoms, suggesting that this relationship may be
driving the observed covariation between ADHD and PTSD.

1.4. The present study

Given the limited and inconsistent findings from previous investigations of the associations
between PTSD and ADHD, combined with the lack of research using adult clinical samples,
additional research is needed to help elucidate the patterns of covariation between specific
symptoms of the 2 disorders. The current study was designed to address this gap in the
literature by conducting a confirmatory factor analysis (CFA) of the structural associations
among concurrent symptoms of PTSD and ADHD. Several characteristics of this data set
make it particularly well suited for investigating PTSD-ADHD comorbidity. First, in
contrast to most previous studies that included a limited number of patients diagnosed with
PTSD, this study used a large clinical sample of veterans with a high prevalence of current
and lifetime PTSD. Second, psychiatric diagnoses and symptom ratings were generated by
trained clinicians using standardized, semistructured clinical interviews. Finally, this study
also included a thorough assessment of exposure to a broad range of potentially traumatic
events, allowing for examination of the rates of different types of trauma exposure among
veterans diagnosed with PTSD and ADHD.

The first aim of the present study was to evaluate the relationships among PTSD, ADHD,
and exposure to traumatic events. We hypothesized that ADHD would be associated with
greater PTSD severity and/or higher levels of exposure to traumatic events, and we tested
whether ADHD severity is a significant predictor of PTSD severity that is independent of
trauma exposure. In addition, we expected to find elevated rates of specific types of trauma
(ie, physical abuse, sexual abuse, motor vehicle accidents, and serious physical injuries) in
veterans diagnosed with current ADHD as compared with those without ADHD. The second
study aim was to evaluate the structural associations among symptoms of PTSD and ADHD
using CFA. We advanced 2 hypotheses regarding the underlying association between
symptoms of PTSD and ADHD. First, based on the common-factor hypothesis combined
with evidence suggesting that high NEM is the major personality risk factor for both
disorders, we expected that the ADHD inattention, hyperactivity, and impulsivity factors
would show significant positive associations with the components of PTSD that are most
closely aligned with generalized distress (ie, dysphoria/femotional numbing and hyperarousal
factors). Second, given the assumption that the fundamental features of PTSD and ADHD
are generally distinct [44], we expected that none of the ADHD factors would demonstrate
significant associations with the cardinal features of PTSD that are most directly linked to
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trauma (ie, intrusive reexperiencing of traumatic events and effortful avoidance of reminders
of traumatic events).

2. Methods

2.1. Participants

The sample consisted of 242 veterans who screened positive for current PTSD during a
telephone administration of the PTSD Checklist-C (PCL-C) [45]. Recruitment, through
posted flyers, clinical referrals, and a PTSD recruitment database, took place during a 34—
month period between 2006 and 2009 from 2 campuses of the US Department of Veterans
Affairs Boston Healthcare System. Of the 341 potential participants screened for the study,
242 met the eligibility criteria (as described in Section 2.2) and were enrolled. Twenty failed
to complete the study protocol and were excluded from data analysis, leaving a final sample
of 222. Of the 20 excluded participants, 12 were terminated by study staff because of
problems conforming to interview requirements, and 8 withdrew from study participation.

Study participants were predominantly male (n = 201, or 90%) and self-reported their race
and ethnicity as follows: 174 (79%) were white; 44 (20%), black or African American; 15
(7%), American Indian or Alaskan Native; 8 (4%), Hispanic or Latino; and 7 (3%), unknown
racial origin (totals are >100% because participants could select more than 1 race). The
mean (SD) age of participants was 50.8 years (10.7) (range, 23-68 years). Of the final
sample of 222 veterans, 121 (54.5%) participants met the criteria for a current diagnosis of
PTSD and 167 (75.2%) for a lifetime diagnosis, according to DSM-/V-TR criteria [1], as
determined by the Clinician-Administered PTSD Scale (CAPS) (see Section 2.3.2). The
index Criterion A event, as specified by the clinician conducting the assessment, was
combatrelated in 101 (45%) of the cases, 20 participants (9%) endorsed physical assault, 17
(8%) endorsed childhood sexual trauma, 15 (7%) endorsed the sudden death of a friend or
loved one, and 12 (5%) endorsed sexual trauma as an adult only being the index trauma.
Several other types of trauma were endorsed (eg, natural disaster, serious accident, and being
stalked), each occurring in less than 4% of the sample. Based on participants’ responses to
the Traumatic Life Events Questionnaire (TLEQ; which assesses DSM-IV-TRPTSD
Criteria Al and A2]), the mean (SD) total number of traumatic events endorsed by
participants in the sample was 22 (15), and the mean (SD) number of different types of
traumatic events was 8 (4). This former figure reflects participants’ reports of multiple
incidents of the same type of trauma. The overall prevalence of current adult ADHD was
11%, as determined by the Adult ADHD Clinical Diagnostic Scale version 1.2 (ACDS v1.2).
Of the 23 veterans who met the full DSM-/V-TR criteria for current adult ADHD, 15 (65%)
met the criteria for predominantly inattentive type, 4 (17.5%) met the criteria for
predominantly hyperactive-impulsive type, and 4 (17.5%) met the criteria for combined

type.

2.2. Procedure

This research was reviewed and approved by the institutional review board and research and
development committees at the Veterans Affairs Boston Healthcare System and the Boston
University School of Medicine Institutional Review Board. Participants provided written
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voluntary informed consent and were compensated for their time and effort. A telephone
screen was administered to all interested veterans to determine study eligibility. Male and
female veterans were eligible for participation if they were between the ages of 18 and 68
years and screened positive for current PTSD on the PCL-C [45] according to the standard
DSM-IV-TR scoring rule (ie, endorsement of 1 B, 3 C, and 2 D criterion symptoms at a level
of >3 on a 5—point severity scale). The study protocol involved administration of a series of
self-report measures (demographic information, TLEQ) and structured diagnostic
interviews, including the CAPS and the ACDS. The diagnostic interviews were administered
by doctoral- and masters-level clinical psychologists and clinical psychology trainees. All
interviews were digitally recorded on videotape, and approximately one third of them were
randomly selected and independently coded by a second rater. Before study administration,
all interviewers and secondary raters were required to attain a minimum of 90% diagnostic
agreement for all major Axis | disorders according to 3 “gold standard” training videos.
Throughout the course of the study, the interviews were reviewed in weekly reliability
meetings to discuss factors related to diagnostic disagreement, to examine the source of
dimensional (ie, symptom level) rating discrepancies, and to establish consensus ratings for
any discrepant items. These meetings were moderated by the principal investigator or a
doctoral-level clinical psychologist with expertise in administering DSM-/V~based
structured clinical interviews. x for current PTSD diagnosis was 0.61. The intraclass
correlation coefficient for current PTSD symptom severity was 0.93. « for current ADHD
diagnosis was 0.58 when all DSM-/V-TR diagnostic criteria were applied (ie, Criteria A, B,
C, and D; see Section 2.3.3). The intraclass correlation coefficient for current ADHD
symptom severity was 0.97.

2.3. Measures

2.3.1. Traumatic Life Events Questionnaire—The TLEQ [46] is a self-report
measure that assesses exposure to 22 types of potentially traumatic events (ie, to assess
DSM-IV-TRPTSD Criterion Al). For each traumatic event that is endorsed, respondents are
subsequently asked to provide (1) the number of times the event was experienced using a 7—
point scale ranging from “never” to “more than 5 times” and (2) whether they experienced
intense fear, helplessness, or horror in response to the event (ie, to assess DSM-/IV-TRPTSD
Criterion A2). The TLEQ has good test-retest reliability during a 2-week interval (mean «,
0.63; mean percent agreement, 86%), excellent content and convergent validity with
interview based measures of trauma exposure (mean percent agreement, 92%), and good
predictive validity [46].

2.3.2. Clinician-Administered PTSD Scale—Participants were administered the
CAPS [47], the gold-standard diagnostic interview for the assessment of PTSD, to determine
current and lifetime PTSD diagnostic status and symptom severity according to the DSM-
IV-TR criteria [1]. The CAPS is a 30—item structured interviewed designed to assess the 17
PTSD symptoms, its associated features, and functional impairment. PTSD diagnostic status
was determined with a validated scoring rule [48]; namely, at least 1 reexperiencing
symptom, 3 avoidance and numbing symptoms, and 2 hyperarousal symptoms each with a
frequency score of 1 or greater and an intensity score of 2 or greater had to be endorsed to
achieve the diagnosis. Severity scores were calculated by summing the frequency and
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intensity ratings (each ranges from 0 to 4) for each of the 17 items (range, 0-136) [48]. The
CAPS has shown high internal consistency (a = 0.85-0.87) and good test-retest reliability
(0.77-0.96) for the 3 symptom clusters [47], as well as strong convergent validity with the
Structured Clinical Interview for DSM-/VPTSD module and the PTSD Symptom Scale-
Interview version (0.83 and 0.73, respectively [49]).

2.3.3. Adult ADHD Clinical Diagnostic Scale version 1.2—Participants were
administered the ACDS v1.2 [50] to assess current ADHD symptoms in adulthood. The
ACDS v1.2 is a semistructured interview that assesses the 18 DSM-/V-TR symptoms of
ADHD in both childhood and adulthood, using child- and adult-specific prompts. For this
study, a diagnosis of adult ADHD was assigned for individuals who met all of the DSM-/V-
TR criteria. Specifically, a DSM-/V-TR clinical diagnosis of ADHD requires an individual
to have at least 6 symptoms of inattention and/or hyperactivity-impulsivity that have
persisted for at least 6 months (Criterion A), with some symptoms of ADHD present before
age 7 years (Criterion B), some impairment from ADHD symptoms in at least 2 areas of
living during the past 6 months (Criterion C), and clinically significant impairment in at
least 1 of these areas (Criterion D). Consistent with previous studies that have used the
ACDS v1.2[7], the age criterion was operationalized to require that participants endorse the
presence of at /east2 ADHD symptoms before age 7 years.

Minor modifications were made to the instrument to standardize the metric across a variety
of other measures administered in the current study, including changes in the metric of the
rating scale from “not present,” “mild,” “moderate,” or “severe” to a 0 to 2 format (ie, 0,
absent; 1, subthreshold; and 2, clinically significant). Also, the period assessed in the present
study was changed from adulthood (past 12 months) as specified in the ACDS v1.2 to
current (past month) to align with the other study measures. Although ADHD symptom
severity was assessed during the past month, a current diagnosis of ADHD also required
evidence of impairing ADHD symptoms that have been present for at least 6 months per
DSM-IV-TR criteria. An additional probe was added to assess childhood onset of symptoms
(before age 7 years) for each ADHD symptom. Item level severity scores (0-2) were
summed across the 9 inattentive and 9 hyperactive-impulsive symptoms to obtain a total
severity score for each participant (range, 0-36). Although the psychometric properties of
the ACDS v1.2 have not been formally described, the ACDS v1.2 has been used to assess
adult ADHD in a large, nationally representative household survey in the United States (ie,
the National Comorbidity Survey Replication) [7] as well as in multiple clinical studies of
adult ADHD [51-53]. In the current study, the internal consistency of the 3 symptom
dimensions of ADHD ranged from high to moderate for the inattention, hyperactive, and
impulsive symptoms (a. = 0.87, 0.74, and 0.68, respectively).

2.4, Statistical analyses

First, we conducted a hierarchical regression analysis to test the incremental effects of
trauma exposure and severity of current ADHD symptoms on current PTSD severity. In step
1 of the model, the total number of traumatic events endorsed by participants was entered as
a predictor of current PTSD severity. In step 2, current ADHD symptom severity was added
as a second predictor of current PTSD severity. In addition, we conducted XZ tests to
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examine whether the frequency of trauma exposure and types of traumatic events (ie,
physical abuse, sexual abuse, and motor vehicle accidents/other serious accidents) endorsed
by veterans differ by ADHD diagnostic status in this PTSD-selected sample.

Next, we investigated the associations between current symptoms of PTSD and ADHD
using CFA. This approach offers advantages over bivariate correlations or multiple
regression analyses in its ability to estimate the relationships among PTSD and ADHD
variables after adjusting for measurement error and an error theory [28]. Thus, the factor
correlations derived from CFA represent better estimates of the true population association
between these constructs compared with simple bivariate correlation matrices. The CFA was
conducted using the Mplus statistical modeling software (version 5.1) [54]. The 17 PTSD
items on the CAPS and the 18 items on the ACDS were submitted to CFA to compare
competing models reflecting alternative representations of PTSD and ADHD. Given the
categorical nature of the ACDS ADHD items (ie, rated on a 3—point scale), the mean and
variance-adjusted weighted least-square estimator was used. Participants with partial
missing data were included in the analyses because the variance-adjusted weighted least-
square estimator invokes a 4—step procedure to model such cases directly, building on direct
maximum likelihood estimation. The largest percentage of missing data for a single item
was 6.8%, which was the case for 2 hyperactivity symptoms (“on the go/acts like driven by a
motor” and “talks excessively”). We first evaluated the latent structure of PTSD and ADHD
separately, and then the best-fitting models for PTSD and ADHD were combined in a single
measurement model. Specifically, we first tested the structure of the ACDS scale using CFA
to compare 1-factor, 2-factor (ie, inattention and hyperactivity-impulsivity), and 3-factor
models (ie, inattention, hyperactivity, and impulsivity) of ADHD. Next, we tested the
structure of the CAPS by comparing the fit of the 2 leading 4—factor models of PTSD,
namely, the “Numbing” model proposed by King et al[55] and the “Dysphoria” model
proposed by Simms et al[56]. The Numbing model of King et al is defined by 4 factors:
reexperiencing (DSM-/V-TR PTSD Criteria B1-B5), effortful avoidance (C1-C2),
emotional numbing (C3-C7), and hyperarousal (D1-D5). The Dysphoria model of Simms et
al defines the reexperiencing and effortful avoidance factors in the same manner as the
Numbing model; however, it differs in that 3 of the hyperarousal items are moved onto the
emotional numbing factor, yielding a dysphoria factor (C3—-C7, D1-D3) and a revised
hyperarousal factor (D4-D5).

Model fit was evaluated using fit statistics from several classes of fit indices: absolute (XZ),
parsimony (root mean square error of approximation [RMSEA]), and comparative fit
(Tucker—Lewis index [TLI] and comparative fit index [CFI]). The cutoff guidelines
recommended by Hu and Bentler [57] and Kline [58] were used to determine the
acceptability of each model. Specifically, RMSEA values less than 0.06 were considered
indicators of good model fit, and CFl and TLI values of 0.90 or greater and 0.95 or greater
were considered as indicators of adequate and good model fit, respectively. Finally, to
examine the statistical significance between the magnitude of pairs of correlations within the
best-fitting model (eg, the difference in the magnitude of the association between inattention
and emotional numbing vs hyperarousal), we computed ¢ statistics for comparing the
magnitude of dependent correlations (ie, within a single sample) as described by Cohen and
Cohen [59].
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3. Results

3.1. Relationships between PTSD, ADHD, and exposure to traumatic events

We hypothesized that ADHD may be associated with greater exposure to traumatic events
and conducted a hierarchical regression analysis to test the incremental effects of trauma
exposure and current ADHD severity on current PTSD severity. As shown in Table 1, the
results of the regression analysis revealed a significant main effect of trauma exposure that
accounted for 5% of the variance in current PTSD severity. Current ADHD severity was also
a significant predictor of PTSD, accounting for an additional 7% of the variance in current
PTSD severity above and beyond trauma exposure. The overall regression model was
significant (F, 215 = 15.05, £<.001), with higher levels of trauma exposure and ADHD
symptom severity positively associated with greater PTSD symptom severity. Collinearity
statistics fell well within the acceptable range for both predictors (tolerance, 1.00; variable
inflation factor, 1.00), with no evidence of significant multicollinearity in the model.!

Next, we examined possible diagnostic differences in the frequency of trauma exposure
across several types of traumatic events endorsed by veterans (ie, combat, sexual abuse,
physical abuse, natural disaster, and motor vehicle accident/other serious accident). x  Tests
revealed significant differences between veterans diagnosed with current ADHD relative to
those never diagnosed with ADHD in the overall rate of sexual abuse (le [n=204] =4.17,
P=.04, 2-tailed), such that individuals with ADHD endorsed higher rates of sexual abuse
(ie, occurring during childhood or adulthood) than those without the disorder (73.9%
vs51.4%). No significant differences were found for the other types of trauma with respect
to ADHD diagnostic status.

3.2. Confirmatory factor analysis of PTSD and ADHD

The top portion of Table 2 displays the results of the Xz difference tests and fit indices
evaluating the 3 competing models of the structure of ADHD using CFA. The results
suggested that the 3-factor model of ADHD provided the best representation of the ACDS
factor structure. More specifically, the 2—factor model yielded significantly poorer fit relative
to the 3—factor model, and the 1-factor model was associated with degraded fit relative to
the 2—factor model. As shown in the second part of Table 2, the Numbing and Dysphoria
models of PTSD vyielded fit statistics that were roughly equivalent; however, only the fit
indices for the Numbing model fell within the range of adequate model fit. Thus, the
Numbing model was determined to best capture the CAPS factor structure in this sample.
The best-fitting models for PTSD and ADHD were subsequently combined in a single
measurement model that included 4 intercorrelated factors of reexperiencing, effortful
avoidance, emotional numbing, and hyperarousal dimensions of PTSD and 3 intercorrelated
factors of inattention, hyperactivity, and impulsivity dimensions of ADHD. The fit statistics
associated with this model fell just short of the recommended cutoff guidelines for
acceptable fit (see Table 2), which may have been due to unrepresented associations between

Ia post hoc test was conducted to rule out the hypothesis that the association between symptoms of PTSD and ADHD merely may be
reflecting the presence of depressive symptoms. Specifically, current depression severity was entered in step 3 of the hierarchical
regression analysis. Results revealed that current ADHD severity remained a significant predictor of current PTSD severity even when
controlling for current depression symptoms (P=.02).
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specific PTSD and ADHD symptoms. As often occurs in large samples, the Xz tests were
significant for all models evaluated, which can reflect small differences between the model
and the observed associations among the data.

Next, to account for the item overlap between the DSM-/V-TR criteria for PTSD and ADHD
(ie, difficulty concentrating/sustaining attention), PTSD criterion D3 was allowed to cross-
load on the ADHD inattention factor. This resulted in only slight improvement in model fit,
such that the values for RMSEA and TLI shifted into the acceptable range, but the value for
CFI remained slightly below the cutoff for acceptable fit. The association between the
ADHD inattention factor and the PTSD hyperarousal factor was reduced from 0.39 to 0.21
by accounting for the shared variance on this overlapping item (ie, allowing D3 to cross-load
on the inattention factor). This fully saturated structural model was then used as a base
model for comparison with a nested model that only included the associations between the
factors of PTSD and ADHD that were hypothesized to be significant (ie, the covariances
were fixed to zero between each of the ADHD factors and the PTSD reexperiencing and
avoidance factors). This hypothesized model demonstrated slightly better fit to the data
relative to the parent model, as indicated by a higher value for CFI, which shifted into the
range of acceptable fit. Furthermore, results of the XZ difference test showed that fit was not
significantly damaged by removing the paths that were not hypothesized (deiﬁ(g) =577, P
=.123), suggesting that the hypothesized model is more parsimonious than the saturated
model but equivalent in model fit. All of the fit indices of the final model fell within the
range of adequate model fit. Further efforts to simplify the model degraded the fit, leading us
to accept the final model comprised of paths between 3 ADHD factors (inattention,
hyperactivity, and impulsivity) and 2 PTSD factors (emotional numbing and hyperarousal),
as depicted in Fig. 1.

The following standardized estimates of the correlations among PTSD and ADHD factors
are based on the saturated model that allows D3 to cross-load on the inattention factor.
Consistent with our hypotheses, the ADHD inattention factor showed significant association
with PTSD emotional numbing and hyperarousal factors (rs = 0.40 and 0.21, respectively).
The magnitude of the association between the inattention and emotional numbing factors
was significantly greater than the corresponding association with the hyperarousal factor
(518 =3.72, P<.001). Also in line with our predictions, the inattention factor was not
significantly related to the reexperiencing factor (r= 0.10). One unexpected finding was that
the inattention factor was significantly related to avoidance (r=0.19), and the magnitude of
this association was significantly stronger than its association with reexperiencing (&1 =
2.15, P=.03). As expected, the hyperactivity factor was significantly correlated with
emotional numbing and hyperarousal factors (r’s = 0.30 and 0.33, respectively), but not with
reexperiencing or avoidance factors (r% = 0.16 and 0.11, respectively). Emotional numbing
and hyperarousal factors evidenced an equivalent strength of association with hyperactivity
(18 =0.57, P=.60). Results revealed a very similar pattern of associations for the
impulsivity factor, in that it was significantly related to both emotional numbing and
hyperarousal (75 = 0.22 and 0.25, respectively), but not with reexperiencing or avoidance
(r’5=0.06 and 0.10, respectively). Similarly, the magnitude of the associations with
impulsivity did not differ significantly for emational numbing and hyperarousal (&1 = 0.56,
P=.60).
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4. Discussion

This study examined ADHD comorbidity in a clinical sample of military veterans who
screened positive for PTSD and investigated associations among PTSD, ADHD, and
exposure to traumatic events. Of those participants who met the DSM-/V-TR criteria for
PTSD, a considerable proportion(11.5%) also met the DSM-/V-TR criteria for current
ADHD. The conditional prevalence estimate of current ADHD in those individuals
diagnosed with current PTSD was more in line with the prevalence rate reported in a large
epidemiologic sample (ie, 13.4%) [7] than that reported in a prior clinical sample of military
veterans (ie, 28%) [5], although both of these studies used clinician-assessed interview
methods to determine ADHD diagnosis.

As hypothesized, the rate of sexual abuse was significantly higher among veterans diagnosed
with ADHD relative to those without ADHD. This finding adds to a growing body of
evidence suggesting that having an ADHD diagnosis is associated with a higher prevalence
rate of sexual abuse. Although a causal relationship has not been established between
ADHD and sexual abuse, studies have documented a higher prevalence of ADHD among
samples of sexually abused children [8,60,61]. Similarly, higher rates of childhood sexual
abuse have been reported among children diagnosed with oppositional defiant disorder and
ADHD [19] as well as adults with ADHD [62]. Prospective studies are needed to elucidate
the nature of the association between ADHD and sexual abuse. Possible mechanisms
underlying the specific relationship between ADHD and sexual abuse might include the
following: (1) self-regulatory problems associated with ADHD (eg, distractibility and
impulsivity) may place an individual at greater risk for sexual maltreatment; (2) sexual abuse
and subsequent PTSD symptoms may exacerbate existing ADHD-related deficits such as
inattention, disorganization, impulse regulation, or hyperactivity; or (3) environmental risk
factors (eg, poverty, family conflict, and parental psychopathology) associated with ADHD
and conduct disorders may increase the risk for sexual maltreatment [19].

In contrast to previous studies [14-15,18], we did not detect higher rates of other types of
traumatic events such as physical abuse, motor vehicle accidents, or serious physical injuries
among veterans with ADHD. Considering the relatively small number of veterans diagnosed
with ADHD in this sample (n = 23), the failure to replicate this prior work is likely
attributable to a lack of statistical power to detect differences in the rates of trauma between
ADHD and non-ADHD groups. We also found that both overall level of trauma exposure
and ADHD severity exerted significant, independent effects on PTSD severity. More
specifically, current ADHD severity accounted for additional variance in current PTSD
severity above and beyond trauma exposure. Given that trauma exposure is presumed to be a
necessary causal agent of PTSD symptoms, it is notable that ADHD symptom severity
explained more variance in PTSD severity than level of trauma exposure. The significant
association between ADHD and PTSD symptom severity is likely an indirect effect that may
reflect the expression of preexisting vulnerabilities that the 2 disorders share in common,
such as negative emotionality.
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4.1. The factor structure of PTSD and ADHD

The CFA of the 17 PTSD items on the CAPS and the 18 items on the ACDS revealed a best-
fitting model reflecting3 ADHD factors (inattention, hyperactivity, impulsivity) and 4 PTSD
factors (reexperiencing, avoidance, emotional numbing, hyperarousal). Our finding that
ADHD was best represented by a 3-factor model replicates several prior CFA studies that
factor analyzed DSM-/V-TR-based items of ADHD in college student populations [63-65].
To our knowledge, only one other study by Kessler and colleagues[66] has conducted a
factor analysis of the ACDS (ie, a principal axis factor analysis). Given that the study of
Kessler et al included 14 non-DSM items in their factor analysis related to difficulties with
planning, organization, inattention, and mood lability (ie, executive function [EF]deficits),
our results cannot be directly compared. None-theless, it is interesting to note that the factor
analysis of Kessler et al revealed a 3—factor solution consisting of an inattention-
hyperactivity factor, an impulsivity factor, and an EF factor. The fact that we found the
Numbing model of PTSD [55] to be slightly better fitting than the Dysphoria model [56]
might be related to using an intervieweradministered instrument (the CAPS) to measure
PTSD in this sample rather than a self-report instrument as suggested by Palmieri et al [67];
however, results of a recent meta-analysis by Yufik and Simms [68] failed to find support for
the hypothesis that PTSD symptom structure varies as a function of PTSD measure or
trauma type. Our final measurement model of PTSD and ADHD (4) allowed PTSD Criterion
D3 (ie, difficulty concentrating) to cross-load on the ADHD inattention factor to account for
item overlap and (6) only included the associations between the factors of PTSD and ADHD
that were hypothesized to be significant (ie, paths between each of the ADHD factors and
emotional numbing and hyperarousal). The fact that the association between the ADHD
inattention factor and the PTSD hyperarousal factor was significantly attenuated (from r=
0.39 to 0.21) when PTSD Criterion D3 was allowed to cross-load on the ADHD inattention
factor suggests that the item overlap accounted for a significant amount of shared variance
between these 2 factors.

Examination of the patterns of covariation among current PTSD and ADHD symptom
clusters showed evidence of strong associations between the inattention and emotional
numbing factors, hyperactivity and hyperarousal factors, and hyperactivity and emotional
numbing factors. This suggests that the largest proportion of shared variance underlying the
co-occurrence of PTSD and ADHD is related to problems with modulating arousal levels
that are common to both disorders (ie, hyperarousal and hyperactivity on one end of the
continuum, as well as hypoarousal and emotional numbing on the other end of the
continuum). This finding is consistent with previous research. For example, some theories of
ADHD postulate that difficulty in regulating arousal or activation levels is a core deficit of
the disorder [69-70], and recent neuroimaging studies by Frewen and Lanius [71] and
Lanius et al [72] have suggested that a “deficiency in the ability to adaptively regulate levels
of affective arousal and distress in the context of stressors” may be central to PTSD. Lanius
et al further proposed that reexperiencing and hyperarousal reactivity can be viewed as a
form of deficient neuroregulatory control over emotional arousal (ie, emotional
undermodulation), whereas states of dissociation, anhedonia, and emotional numbing can be
conceptualized as forms of enhanced neuroregulatory suppression of emotional arousal (ie,
emotional overmodulation).
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As hypothesized, symptoms of inattention, hyperactivity, and impulsivity showed weak,
nonsignificant associations with reexperiencing symptoms. In contrast, the finding that the
ADHD inattention factor was moderately associated with avoidance symptoms was
unexpected, particularly given the lack of association between inattention and
reexperiencing symptoms. One possible explanation for this result is that ADHD
inattentiveness and PTSD avoidance symptoms might reflect similar disturbances in
cognitive control mechanisms, which could manifest as problems with distractibility and
disorganization in ADHD [38] and difficulty suppressing emotionally distracting and
intrusive thoughts in PTSD [73].

4.2. Limitations

These findings should be considered within the context of several limitations of the current
study. First, given that the study used a clinical sample composed of veterans predominantly
with military-related PTSD, caution should be used in generalizing the current findings to
survivors of other types of trauma or to civilian samples. Although roughly 68% of the
sample endorsed combat-related trauma, most participants also endorsed multiple types of
trauma. The fact that this sample was selected for PTSD and did not include a comparison
group of non-trauma-exposed individuals further limits the generalizability of the study
findings to epidemiologic samples. Specifically, the eligibility criteria for the study required
that participants endorse at least 1 Criterion A traumatic event and screen positive for PTSD
on the PCL-C, as administered via telephone. At the same time, we believe that this selected
group of veterans characterized by high rates of PTSD represents a good sample for
investigating the nature of the overlap between PTSD and ADHD because it provides
sufficient interindividual variability in severity of the constructs of interest. Second,
assessment of the presence of ADHD symptoms before the age of 7 years required exclusive
reliance on participants’ retrospective report of symptoms and may be subject to recall bias
[74]. This problem is not unique to this study, however, given that the clinical diagnosis of
ADHD in adults is typically based on retrospective reports of childhood symptoms.
Importantly, there is empirical support suggesting that self-report is a reliable way of
identifying adults with ADHD [75] and that well-operationalized, adverse childhood
experiences are recalled with sufficient accuracy to provide useful information in
retrospective studies [76]. Third, given the relatively small number of participants diagnosed
with ADHD in this sample, caution should be used when interpreting findings from the
analyses comparing ADHD and non-ADHD groups on the frequency of different types of
trauma exposure. Fourth, to our knowledge, this is the first CFA study of PTSD and ADHD
comorbidity; thus, additional studies are needed to test whether the same factor structure can
be replicated in independent samples. Fifth, given the cross-sectional nature of the current
sample, the results cannot bear on our understanding of the etiologic mechanisms involved
in PTSD-ADHD comorbidity. Nevertheless, the current results do help to shed light on the
degree and nature of associations among the symptoms of the 2 disorders and illuminate
future directions for research in this understudied area.

Finally, mild traumatic brain injury (TBI) may be a potentially important confounding
variable to consider when investigating PTSD-ADHD comorbidity in future research.
Although data on TBI were not collected as part of this study, it is noteworthy that mild TBI
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and PTSD can be associated with mild neuropsychological impairment (eg, attention,
learning and memory, and executive functioning) [77], and impairments in these same
neuropsychological domains also represent core deficits in ADHD [37]. TBI has been of
particular concern for military personnel deployed to contemporary war zones, considering
the high rates of head injuries among Operation Enduring Freedom and Operation Iraqi
Freedom veterans. Given that Operation Enduring Freedom/Operation Iragi Freedom
veterans comprised only 14% of the current sample, it is unlikely that TBI represents a
major confounding variable in this study.

4.3. Clinical implications and directions for future research

More research is needed to determine how the cooccurrence of PTSD and ADHD may
interact and influence the symptom presentation and course of either disorder. These results
suggest that it is important to assess trauma history as part of a comprehensive ADHD
assessment and to screen for ADHD when assessing for PTSD. Specifically, high rates of
PTSD-ADHD comorbidity in clinical populations suggest that careful evaluation of both
disorders is important in the event that one of the disorders can be ruled out to reduce the
risk for improper psychiatric medication prescription or other inappropriate treatment
interventions. Ford and Connor [44] offered several helpful guidelines for differentiating
between primary symptoms of PTSD vs ADHD, including careful assessment of the
chronologic sequence and timing of traumatic experiences in relation to the symptom
course. Increased awareness by clinicians with respect to recognizing the potential for true
cases of comorbid PTSD and ADHD may help to reduce the chances that symptoms of
either disorder may become exacerbated if left untreated. Our ability to effectively treat
these disorders is further complicated by the fact that mood disorders, substance use
disorders, and anxiety disorders frequently cooccur in adults with PTSD [3] as well as adults
with ADHDI[7]. Although it was beyond the scope of this study, it will be important for
future CFA studies to examine how the presence of these other commonly co-occurring
conditions may affect the extent of covariation among symptoms of PTSD and ADHD.

The CFA results of this study suggest that the intersection of PTSD and ADHD cannot be
adequately understood through the examination of overlapping DSM-/V-TR symptom
criteria alone. Rather, it seems important for future studies to consider a broader
constellation of overlapping symptoms between the 2 disorders (ie, beyond DSM-IV-TR
criteria) that may serve to complicate the process of differential diagnosis and potentially
lead to misdiagnosis, including difficulty in sustaining attention, difficulty listening, failure
to complete duties, difficulty in organization, forgetfulness, avoidance of mental tasks,
memory dysfunctions, irritability, anger, restlessness, and sleeplessness. One promising
direction for future investigation is to examine relevant cognitive and emotional processes or
areas of dysfunction that are shared by the 2 disorders to help elucidate the clinical
impairment associated with having these disorders independently vs concurrently. For
example, studying problems of emotion regulation (ER)2 and EF3 that are known to be
involved in both PTSD and ADHD may be a fruitful line of research for identifying domains

2According to Thompson [78], ERis defined as “the extrinsic and intrinsic processes responsible for monitoring, evaluating, and
modifying emotional reactions, especially their intensive and temporal features, to accomplish one’s goals.”
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of impairment shared by the 2 disorders as well as those that are not adequately captured by
the current DSM-/V-TR diagnostic criteria. Moreover, increased recognition that deficits in
ER and EF underlie both PTSD and ADHD also has clear treatment implications. The
development of an integrated treatment approach for treating comorbid PTSD and ADHD
seems warranted, with the goal of simultaneously targeting key areas of impairment across
the 2 disorders. Relevant components from existing treatment protocols might include
dialectical behavior therapy skills training [80] to address problems with ER, as well as
cognitive training techniques [81-82] for reducing attentional bias toward threat in PTSD
and improving attention and disinhibition problems in ADHD.

4.4. Conclusions

The current findings highlight that a subset of veterans with PTSD experience concurrent
problems with ADHD, yet little is known about possible causal and noncausal factors
contributing to this co-occurrence. An evaluation of the underlying structure of symptoms of
PTSD and ADHD suggests that the largest proportion of shared variance underlying this co-
occurrence is related to problems with modulating arousal levels that are common to both
disorders. An improved understanding of shared cognitive, emotional, and neurobiological
mechanisms underlying the comorbidity of PTSD and ADHD could potentially have a
profound impact on the diagnosis and treatment of these debilitating disorders.
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Fig. 1.
Final model of CFA of ADHD and PTSD, which only includes hypothesized factor

covariances. Standardized estimates of the correlations among latent factors are reported.
INAT indicates inattention factor; HYP, hyperactivity factor; IMP, impulsivity factor;
REEXP, reexperiencing factor; AVOID, effortful avoidance factor; NUMB, emotional
numbing factor; HYPERA, hyperarousal factor. All correlations were significant at P < .05.

Compr Psychiatry. Author manuscript; available in PMC 2019 May 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Harrington et al. Page 21

Table 1

Exposure to traumatic events and current ADHD symptom severity predict current PTSD symptom severity

Independent variable B SE(B) B t P R  AR?
Step 1
No. of traumatic events  0.40 0.12 0.23 340 .001 0.05 -
Step 2

No. of traumatic events 0.40 0.11 0.23 354 <001
Severity of ADHD sx 1.67 0.40 027 420 <001 0.12 0.07

sx indicates symptoms.
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