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The amygdala and hippocampus have been implicated consistently in the pathophysiology
of posttraumatic stress disorder (PTSD).12 While several studies have observed reduced
hippocampal volume in PTSD, studies of amygdala volume and PTSD have been mixed.1-3

In addition to method differences, one reason for these mixed results is that most structural
magnetic resonance imaging studies in PTSD have treated PTSD as a homogeneous entity
instead of considering how amygdala volume may relate to its heterogeneous phenotypic
expression.

Confirmatory factor analytic studies have revealed that PTSD is best represented by 5
symptom clusters: reexperiencing, avoidance, numbing, dysphoric arousal (eg, sleep
difficulties), and anxious arousal (eg, hypervigilance). To our knowledge, no study has
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evaluated the relation between amygdala and hippocampal volume and this contemporary
model of PTSD. Here, we evaluated these associations in combat veterans.

Forty-eight Irag/Afghanistan combat veterans participated in this study. Recruitment was
conducted to ensure a full dimensional range of DSM-/VPTSD symptoms (ie, including
non/minimally symptomatic veterans and equal proportions of veterans with mild, moderate,
and severe/extreme symptoms), with 23 veterans (47.9%) meeting diagnostic criteria for
combat-related PTSD. Exclusion criteria included psychosis; bipolar disorder; drug abuse or
dependence (current or lifetime); alcohol abuse in the past 30 days or alcohol dependence in
the past 12 months; moderate and severe traumatic brain injury (ie, loss of consciousness
>30 minutes); neurologic disorder (eg, stroke or seizure); learning disability or confirmed
diagnosis of attention-deficit/hyperactivity disorder; use of antipsychotics, psychostimulants,
or sedatives/hypnotics; antidepressant dose stable less than 30 days; and/or PTSD diagnosis
prior to combat exposure. The VA Connecticut Healthcare System Human Subjects
Subcommittee and Yale University Human Research Protection Program approved this
study. All participants provided written informed consent.

Structural magnetic resonance imaging data were acquired on a Siemens Trio TIM 3T
(MPRAGE; voxel size 1 x 1 x 1 mm; repetition time, 2.5 seconds; echo time, 2.77
milliseconds; flip angle, 7°). Blinded to the clinical status, image processing and
segmentation were conducted using the fully automated Freesurfer recon-all pipeline (http://
surfer.nmr.mgh.harvard.edu).

We computed partial correlations between independent variables and amygdala and
hippocampal volumes adjusted for total intracranial volume and entered variables with
associations at the £ < .05 level into a multivariable linear regression analysis using total
intracranial volume as a covariate. To evaluate subscales of the Clinician-Administered
PTSD Scale associated with volumes, we conducted a post hoc multivariable linear
regression analysis (a = .01). Finally, to evaluate interrelationships among variables related
to regional volumes, exploratory path analyses were conducted using Mplus version 7.2
(http://www.statmodel.com).

The Table shows sample characteristics and partial correlation results. After adjustment for
intracranial volume, Combat Experiences Scale and total Clinician-Administered PTSD
Scale scores were independently associated with right amygdala volume. Multivariable
linear regression for right amygdala volume showed adjusted /2 = 0.46 (Combat
Experiences Scale: B = —0.27; = 2.34; P=.02; Clinician-Administered PTSD Scale: g =
-0.24; t=2.10; P=.04). Post hoc analysis revealed that anxious arousal was independently
negatively related to right amygdala volume (B = -0.38; 7= 3.33; £=.002); no other
symptom cluster was significant (B > -0.08; < 0.53; and £ > .59 for all). The best-fitting
model in path analyses showed right amygdala volume mediating the relationship between
combat exposure and anxious arousal (XZ =0.03; P=.87; Bayesian Information Criterion =
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921.38; Akaike Information Criterion = 906.41; root mean square error of approximation =
0.00 [0.00-0.20]; Comparative Fit Index = 1.00; Tucker-Lewis Index = 1.00; the other 2
models had XZ = 3.17 or higher, A= .07 or lower, and higher root mean square error of
approximation and lower Comparative Fit Index and Tucker-Lewis Index values, which
indicate worse fit). The Figure shows standardized coefficients of the best-fitting model.

Discussion

This study suggests that reduced right amygdala volume is most strongly associated with
anxious arousal symptoms in combat veterans. This finding is consistent with experimental
studies linking reduced amygdala volume to stress-evoked hyperresponsiveness.>8 Right
amygdala volume also fully mediated the relation between combat exposure severity and
anxious arousal, suggesting that increased combat exposure may contribute to reduced
amygdala volume, which in turn is associated with increased anxious arousal.

While this study was limited by the cross-sectional design and relatively small and
predominantly male sample, the results underscore the potential utility of a dimensional
approach to evaluating neurobiological factors associated with PTSD. Such an approach
may be useful in informing etiologic models, as well as prevention and treatment approaches
for this debilitating disorder.
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Figure. Path Model of Right Amygdala Volume asa Mediator of the Relation Between Combat
Exposure and Anxious Arousal Symptoms

The values represent standardized f coefficients. The solid lines represent significant
associations; dotted line, nonsignificant association. Right amygdala volume was
additionally regressed on total intracranial volume in all path models. Association between
combat exposure severity and anxious arousal was significant when right amygdala volume
was excluded from the model (B = 0.31; = 2.22; P=.03). The 95% CI for the association
between combat exposure severity and anxious arousal when right amygdala volume was
excluded from the model was —0.16 to 0.43; for combat exposure severity and right
amygdala volume, —0.10 to —0.52; and for right amygdala volume and anxious arousal,
-0.17 to —0.67.

ap< 0L

bp< .001.
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