1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Psychiatr Res. Author manuscript; available in PMC 2021 August 06.

-, HHS Public Access
«

Published in final edited form as:
J Psychiatr Res. 2021 May ; 137: 579-588. d0i:10.1016/j.jpsychires.2020.10.042.

The environment contributes more than genetics to smaller
hippocampal volume in Posttraumatic Stress Disorder (PTSD)

J. Douglas Bremner2bd* Matthew Hoffman@ Nadeem Afzal?, Faiz A. Cheema?€, Olga
Novik@€, Ali Ashraf?, Marijn BrummerP, Ahsan Nazeer?, Jack Goldberg, Viola Vaccarino®€

a Departments of Psychiatry and Behavioral Sciences, USA
b Radiology, and Medicine (Cardiology), USA
¢ Emory University School of Medicine, Atlanta GA; Atlanta VAMC, Decatur, GA, USA

d Department of Epidemiology, Rollins School of Public Health, Emory University, Atlanta, GA,
USA

€ The Vietnam Era Twin Registry, Seattle Veterans Administration Epidemiology Research, USA

fInformation Center and Department of Epidemiology, University of Washington, Seattle, WA,
USA

Abstract

Background: Studies using structural magnetic resonance imaging (MRI) volumetrics showed
smaller hippocampal volume in patients with post-traumatic stress disorder (PTSD). These studies
were cross-sectional and did not address whether smaller volume is secondary to stress-induced
damage, or whether pre-existing factors account for the findings. The purpose of this study was to
use a co-twin case control design to assess the relative contribution of genetic and environmental
factors to hippocampal volume in PTSD.

Methods: Monozygotic (N = 13 pairs) and dizygotic (N = 21 pairs) twins with a history of
Vietnam Era military service, where one brother went to Vietnam and developed PTSD, while his
brother did not go to Vietnam or develop PTSD, underwent MR imaging of the brain. Structural
MRI scans were used to manually outline the left and right hippocampus on multiple coronal
slices, add the areas and adjust for slice thickness to determine hippocampal volume.

Results: Twins with Vietnam combat-related PTSD had a mean 11% smaller right hippocampal
volume in comparison to their twin brothers without combat exposure or PTSD (p < .05). There
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was no significant interaction by zygosity, suggesting that this was not a predisposing risk factor
or genetic effect.

Conclusions: These findings are consistent with smaller hippocampal volume in PTSD, and
suggest that the effects are primarily due to environmental effects such as the stress of combat.

Introduction

Posttraumatic stress disorder (PTSD) affects a large number of persons in the United States
and is associated with considerable morbidity and loss of productivity (Hoge et al., 2006;
Kessler et al., 1995). PTSD, which can follow exposure to combat or civilian traumatic
experiences, is associated with intrusive memories, avoidance, hyperarousal, and negative
cognitions. Cognitive deficits, including problems with concentration, new learning, and
remembering directions, are also commonly seen clinically (Elzinga and Bremner, 2002;
Roca and Freeman, 2001). Studies have linked PTSD to alterations in the hippocampus, a
brain area involved in learning and memory that is sensitive to stress (Arbel et al., 1994;
Bremner and Vermetten, 2012; Campanella and Bremner, 2016; Diamond et al., 1996;
Kunimatsu et al., 2019; Luine et al., 1994; McEwen et al., 1992; Nibuya et al., 1995;
Sapolsky, 1996; Sapolsky et al., 1990; Smith et al., 1995; Zoladz and Diamond, 2016).
These findings have led to the alternative hypotheses that prolonged stress results in smaller
hippocampal volume in PTSD due to cortisol or other factors that is potentially plastic and
reversible (Bremner, 2001, 2002; Bremner and Campanella, 2016; Davis et al., 2016), or that
smaller hippocampal volume is a vulnerability factor for chronic PTSD (Gilbertson et al.,
2002; Pitman, 2001).

Patients with PTSD secondary to combat stress or childhood abuse compared to individuals
without PTSD showed deficits in hippocampal-based verbal declarative memory and smaller
volume of the hippocampus as measured with magnetic resonance imaging (MRI)
volumetrics (Apfel et al., 2011; Averill et al., 2017; Bossini et al., 2008; Bremner et al.,
1993, 1995a, 1995h, 1997, 2003, 2004b; Chao et al., 2013, 2014; Emdad et al., 2006;
Felmingham et al., 2009; Gilbertson et al., 2002; Golier et al., 1997; Gurvits et al., 1996;
Hedges et al., 2003; Lindauer et al., 2004, 2006; Logue et al., 2018; Schuff et al., 1997; Shin
et al., 2004; Stein et al., 1997; Tischler et al., 2006; Uddo et al., 1993; Vasterling and
Bremner, 2006; Vasterling et al., 2002; Villarreal et al., 2002a; Vythilingam et al., 2005;
Wang et al., 2010; Wignall et al., 2004; Yehuda et al., 1995, 2006; Zhang et al., 2011). Other
studies showed evidence of loss or alterations in neuronal integrity in PTSD as measured
with Magnetic Resonance Spectroscopy studies of hippocampal N-acetyl aspartate (NAA)
(Freeman et al., 1998; Guo et al., 2012; Li et al., 2006; Lim et al., 2003; Mahmutyazicioglu
et al., 2005; Rosso et al., 2017; Schuff et al., 1997, 2008; Villarreal et al., 2002b; Wang et
al., 2010). Multiple independent meta-analyses found smaller hippocampal volume for both
the left and the right sides, equally in adult men and women with chronic PTSD, related to
either combat or childhood trauma (Bromis et al., 2018; Kitayama et al., 2005; Kiihn and
Gallinat, 2013; Meng et al., 2016; O’Doherty et al., 2015; Smith, 2005; Woon et al., 2010).

Not all MRI studies, however, showed smaller hippocampal volume in PTSD. Some studies
in adults with chronic PTSD did not show smaller hippocampal volume or lower NAA when
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compared to controls (Golier et al., 2005; Hedges et al., 2007; Jatzko et al., 2006; Landre et
al., 2010; Mueller et al., 2015; Nardo et al., 2009; Pederson et al., 2004; Shin et al., 2017;
Starcevic et al., 2014; Veer et al., 2015; Yamasue et al., 2003; Yehuda et al., 2007). Some
studies found smaller hippocampal volume in PTSD patients compared to trauma exposed
individuals without PTSD (Bremner et al., 2003; van Rooij et al., 2015) while others found
smaller volume in both trauma-exposed PTSD and non-PTSD relative to non-trauma
exposed non-PTSD individuals (Luo et al., 2016; Winter and Irle, 2004). Studies of new
onset PTSD found smaller hippocampal volume in some studies (Li et al., 2006; Wignall et
al., 2004; Xie et al., 2018; Zhang et al., 2011) but not others (Bonne et al., 2001; Fennema-
Notestine et al., 2002). Smaller hippocampal volume in PTSD was correlated with duration
(Chao et al., 2014; Felmingham et al., 2009) and severity of PTSD symptoms (Neylan et al.,
2010; Xie et al., 2018), resistance to treatment (Rubin et al., 2016; van Rooij et al., 2015)
and elevated cortisol (Neylan et al., 2003). Although several studies of adults with PTSD
related to childhood abuse found smaller hippocampal volume, studies in children with
PTSD related to abuse and neglect have not shown smaller hippocampal volume (Carrion et
al., 2001; De Bellis et al., 1999, 2001; Keding and Herringa, 2015; Mehta et al., 2009;
Morey et al., 2016; Tupler and De Bellis, 2006). Longitudinal studies in children with PTSD
showed elevated cortisol levels (Carrion et al., 2002) that were associated with increased
PTSD symptoms and a reduction in hippocampal volume over time (Carrion et al., 2002).
Other studies found a delayed effect of early life stress on hippocampal volume that
manifests in adulthood (Andersen and Teicher, 2004; Andersen et al., 2008; Teicher, 2002;
Teicher et al., 2012). Studies of medications with known effects on the hippocampus (Aribi
and Stringer, 2002; Duman, 2004) have shown increased hippocampal volume with
successful treatment of PTSD (Bossini et al., 2007; Bremner et al., 2004a; Vermetten et al.,
2003). Some studies showed increased hippocampal volume with psychotherapy (Bossini et
al., 2011) while others did not (Lindauer et al., 2005; Rubin et al., 2016; van Rooij et al.,
2015). Studies in veterans that found a relationship between premorbid low Intelligence
Quotient (1Q) and the development of PTSD were interpreted as representing a vulnerability
factor for PTSD (Macklin et al., 1998; McNally and Shin, 1995). Individuals with smaller
hippocampal volume and deficits in memory have been posited to be at increased risk for the
development of PTSD after psychological trauma (Pitman, 2001). It is known that not all
individuals exposed to the same level of trauma are at equal risk for the development of
PTSD, and more than 10% of the variance in PTSD is estimated to be genetic, based on
prior twin studies of PTSD (Goldberg et al., 1990). A study in monozygotic twins where
both twins were veterans in the Vietham Era found a correlation between smaller
hippocampal volume in a non combat-exposed twin and increased PTSD symptoms in his
identical brother with combat-related PTSD (Gilbertson et al., 2002). This study, however,
did not examine both monozygotic and dizygotic twin pairs discordant for combat exposure
and PTSD, which is helpful to examine the relative importance of environmental and genetic
contributions.

The use of the co-twin study design as in the current study with both monozygotic
(identical) and dizygotic (fraternal) twins in which one twin went to Vietnam and developed
PTSD and his twin brother was in military service but did not go to Vietnam and did not
develop PTSD, permits the assessment of the relative environmental (e.g., combat stress)
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and genetic contributions to outcomes of interest such as hippocampal volume in PTSD
(Eisen et al., 1989; Goldberg et al., 1987; Henderson et al., 1990; True et al., 1993). The co-
twin design also has the advantage of controlling a number of other unmeasured potentially
confounding factors such as differences in genetic predisposition, family environment and
socio-economic status. The purpose of this study was to compare hippocampal volume in
monozygotic and dizygotic twins with a history of Vietnam combat-related PTSD in
comparison to their brothers with a history of military service but without a history of
Vietnam combat exposure or PTSD. We hypothesized that twins with PTSD would have
smaller hippocampal volume than their non-PTSD twin brothers, and these effects would not
be due to familial or genetic confounding factors.

2. Methods

2.1. Participants

Participants in the study included 34 twin pairs (13 monozygotic (MZ) and 21 dizygotic
(DZ) twins) recruited from the Vietnam Era Twin Registry where both brothers served in the
United States military during the Vietnam era (Forsberg et al., 2010; Tsai et al., 2012)
(Goldberg et al., 1987, 1990; Henderson et al., 1990; True et al., 1993) who agreed to
participate and completed the protocol. This study was approved by the Emory University
Investigational Review Board and all participants provided written, informed consent.

Participants were identified by initial screening as discordant for combat exposure based on
the Combat Exposure Scale, a validated measure of the severity and quantity of combat-
related trauma experienced in Vietnam (Keane et al., 1989). Twins were also screened as
being discordant for PTSD based on the Mississippi Scale for Combat-Related PTSD, a
validated measure of combat-related PTSD symptom severity (Keane et al., 1988), where
one twin had a Mississippi Scale score of greater than 95 and his twin brother had a score of
less than 70. Twin pairs were excluded where one of the twins had a history of current
alcohol or substance abuse or dependence, neurological disorder, major medical illness, or
indwelling metal that would preclude scanning. Ninety eight twin pairs, including
monozygotic (MZ) and dizygotic (DZ) twins, were identified from the Registry database
who met these initial criteria (Fig. 1). 42 twin pairs agreed to participate, traveled to Atlanta
for participation, and signed a written informed consent. Twins were re-screened in Atlanta
with the Structured Clinical Interview for DSMIV (First et al., 1995). Twin pairs where one
of the brothers had a history of schizophrenia, traumatic brain injury or loss of
consciousness of greater than 1 min were excluded. Nine pairs did not complete scanning
because they were excluded due to a history of schizophrenia in one of the twins, a current
major psychiatric disorder in the non-exposed twin, the exposed twin did not have a history
of PTSD, claustrophobia that precluded scanning, or technical problems with scan
acquisition. Thirty-four twin pairs (13 MZ and 21 DZ) met final diagnostic criteria and
completed the imaging protocol.

2.2. Psychometric assessments

The Structured Clinical Interview for the Diagnostic and Statistical Manual (DSM) IV (First
et al., 1995) (with PTSD module) was used to establish psychiatric diagnosis. The PTSD
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module of the SCID has a kappa of .93 for test-retest reliability, and excellent sensitivity
(0.81) and specificity (0.98) against a composite PTSD diagnosis. Alcohol and substance
abuse was evaluated with the Addiction Severity Index (ASI). The ASI has an inter-rater
reliability of 0.89 and a high degree of test-retest reliability and concurrent and discriminant
validity (McClellan et al., 1985). Level of combat exposure in Vietnam was assessed with
the Combat Exposure Scale (Keane et al., 1989). This reliable and valid measure was used to
document history of combat exposure in the PTSD patients. Current PTSD symptom
severity was assessed with the Mississippi Scale for PTSD (Keane et al., 1988; Vreven et al.,
1995). The Clinician Administered PTSD Scale (CAPS) is a clinician administered measure
of PTSD symptomatology that provides continuous measures of symptom severity and
frequency (Blake et al., 1995; Weathers et al., 1999). The CAPS has a coefficient alpha

of .94, test-retest reliability of 0.9-0.98, a sensitivity of 0.91 and specificity of .86 for
diagnosis of PTSD, and good convergent and divergent validity. The CAPS was used as a
measure of PTSD symptom severity based on DSM criteria and complements the
Mississippi also is a measure of PTSD severity but which was developed prior to the DSM.
The Clinician Administered Dissociative States Scale (CADSS) is a 28-item measure of
current “state” level of dissociative symptomatology; the CADSS shows excellent inter-rater
reliability (0.92), has a coefficient alpha of .94, and shows excellent test-retest and
convergent validity (Bremner et al., 1998). The Early Trauma Inventory (ETI) is an
instrument for measurement of childhood traumatic experiences; inter-rater reliability (0.99)
and test-retest reliability (0.91) are excellent, coefficient alpha is .95, and the ETI has
excellent convergent validity. The self-report version of the ETI was used (Bremner et al.,
2000).

2.3. Structural magnetic resonance imaging and volumetric assessments

Magnetic resonance imaging (MRI) and volumetric assessment of the whole hippocampus
and whole brain was performed utilizing measures previously described in detail (Bremner
etal., 1995a, 1997, 2003). Magnetic resonance (MR) images were obtained witha 1.5 T
device. Coronal images were acquired with a T1 weighted gradient echo 3D sequence with,
TR =35 msec, TE = 12 msec, flip angle 35, NEX = 2, 1.2 mm3 voxel with no gap and 256 x
256 matrix and FOV 240 mm or 1.5 mm thick contiguous slice with matrix 512 x 512 and
FOV 220. Images were then transferred via internet to a SunSparc Workstation for image
processing, with archiving on optic disk media. MRI scans were resliced to correct for head
rotation and to create slices perpendicular to the long axis of the hippocampus using the
ANALY ZE program. First, two mid-hippocampal points separated by 15 mm were selected
to construct a line that defines the long axis of the hippocampus. A third mid-hippocampal
point in the opposite hippocampus was then selected to define a plane parallel to the long
axes of both hippocampi. A series of oblique images were then constructed 90°
perpendicular to this plane and parallel to the first two hippocampal points to create images
orthogonal to the long axis of the hippocampus. The outline of the hippocampus was then
traced using a mouse-driven cursor using the method of Watson et al. (1992) and methods
described by us previously in detail (Vermetten et al., 2003; Vythilingam et al., 2002). The
anterior border of the hippocampus was defined by the amygdala. The uncal recess of the
temporal horn of the lateral ventricle was determined to be the most reliable way to separate
the hippocampal head from the amygdala. However in cases where the uncal recess was not
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clearly visible, traces were made along the alveus that connects the inferior horn of the
lateral ventricle to the sulcus at the inferior margin of the semilunar gyrus (i.e. the
semianular or amygdaloid sulcus). If neither the uncal recess nor the alveus were clearly
visible, a horizontal line was drawn connecting the plane of the inferior horn of the lateral
ventricle with the surface of the uncus. The posterior most slice of the hippocampus was
defined as the slice of the hippocampus where the pulvinar interrupts the fornix superiorly.
The superior border of the hippocampus includes gray matter visible within the
hippocampus as well as the alveus and fimbriae. The inferior border of the hippocampus
includes the subiculum. A straight line from the inferior subcortical white matter extending
medially was used to disconnect the parahippocampal gyrus from the subiculum. Cross
sectional areas were measured in each of these slices, summed, and multiplied by the slice
thickness to obtain the volume of these structures. Initially measurements were performed in
a sub-sample by two raters for determination of reliability of the measurements. Intraclass
correlation coefficients (R) for inter-rater reliability between two raters were as follows: left
hippocampus (R = 0.93; df = 1,31; p < .05) and right hippocampus (R =0.94; df = 1,31; p
<.05). Then measurements were repeated in the entire sample by a single rater as this
provides greater uniformity of the final measurements. Final volumetric measurements of
the whole hippocampus were performed independently by a single rater blinded to subject
diagnosis. Measurements of the left and right whole brain were performed on non resliced
images and included gray and white matter as well as ventricles and were performed by a
single blinded rater.

2.4, Statistical analysis

All analyses were conducted using SAS software version 9.4 (SAS Institute, Cary, NC).
Significance level was set at 0.05, two-sided.

All P values were corrected for the correlation between co-twins using generalized
estimating equations or mixed-effects models with a random intercept for pair, depending on
variable distribution. Initially, hippocampal volume data was displayed in bins and chi-
square statistics were used to determine if the data were normally distributed. Hippocampal
volumes were then compared within brothers in PTSD-discordant twin pairs. This was a
matched co-twin analysis which controlled by design for all factors shared by the twins.
Twins share maternal factors, genes (50% if dizygotic and 100% if monozygotic), and
childhood and adolescent environment if they are raised together. The within-pair
comparison minimizes confounding by these factors.

The within-pair analyses were further stratified by zygosity so we could examine the
potential influence of genetic factors on the association between PTSD and hippocampal
volume. Since monozygotic twins share 100% of their segregating genes, the analysis of
within-pair differences in monozygotic twins is fully controlled for genetic factors shared
between PTSD and hippocampal volume. Dizygotic twins only share on average 50% of
genes and differences among these twins are only partially controlled for shared genetic
factors. In general, shared genetic factors would be indicated if the within-pair difference in
PTSD discordant pairs is smaller in monozygotic than in dizygotic pairs.
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3. Results

Mean score on the Combat Exposure Scale in the combat-exposed twin was 17 (6 SD).
PTSD patients had higher levels of PTSD symptoms as measured with the CAPS and the
Mississippi Scale and dissociative symptoms as measured with the CADSS than twins
without PTSD (Table 1). They had similar years of education and years of past alcohol and
substance abuse (Table 1). Co-morbid psychiatric disorders based on the SCID are presented
in Table 1.

Data for hippocampal volume were normally distributed. Twins with Vietnam combat-
related PTSD had a 11% smaller right hippocampal volume in comparison to their twin
brothers without combat exposure or PTSD (measured as the mean of the percent
differences between pairs) (Table 2, Fig. 2) (p =.002). Right hippocampal volume was 12%
smaller in DZ PTSD twins (N = 21 pairs) compared to their unaffected DZ twin brothers and
8% smaller in MZ PTSD twins (N = 13 pairs) compared to their unaffected MZ brothers
with no significant interaction by zygosity (no difference between MZ and DZ twin pairs).
Left hippocampal volume was 2% smaller in the DZ PTSD twins compared to their non-
PTSD brothers and 4% smaller in the MZ PTSD twins compared to their non-PTSD brothers
(Table 2). These differences were not statistically significant. There was no difference
between twins with and without PTSD in left (521 cm? (62 SD) v. 538 (50 SD); p = .39) or
right (535 cm3 (54 SD) v 542 cm? (49 SD); p = .68) whole brain volumes.

There were no significant correlations between hippocampal volume and age, education,
past alcohol abuse, PTSD symptoms as measured with the CAPS or dissociative symptoms
as measured with the CADSS.

4. Discussion

The current study showed 11% smaller right hippocampal volume in Vietnam combat
veterans with PTSD in comparison to their twin brothers with a history of military service,
but without a history of combat exposure or PTSD. Monozygotic twins share identical
genetic material, therefore any differences between them must be due to an environmental
effect. Dizygotic twins share 50% of their genetic material, therefore a larger association in
dizygotic than monozygotic twins could signify a shared genetic effect between PTSD and
hippocampal volume. In the current study there was a smaller hippocampal volume in both
monozyptic and dizygotic twins with PTSD in comparison to their brothers, with no
significant difference by zygosity. Therefore these findings do not support a genetic effect as
an explanation for smaller hippocampal volume in PTSD or the idea that smaller
hippocampal volume is a predisposing factor for the development of PTSD.

A significant environmental contribution to smaller hippocampal volume in PTSD is not
consistent with previous hypotheses from other authors that smaller hippocampal volume
represents a risk factor for PTSD (Gilbertson et al., 2002). This hypothesis was based on
studies showing that more than 10% of the variance in PTSD symptomatology was genetic
(Banerjee et al., 2017; Binder et al., 2008; Goldberg et al., 1990; Lee et al., 2005; Stein et
al., 2002; Xian et al., 2000) and that lower 1Q before trauma exposure predicted risk for
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PTSD (McNally and Shin, 1995). Other studies found smaller hippocampal volume in twins
whose brothers developed PTSD secondary to combat exposure (Gilbertson et al., 2002).
Genetic contributions to smaller hippocampal volume in PTSD were argued to be mediated
either by smaller hippocampal volume at birth (Pitman, 2001), and/or increased vulnerability
for stress exposure or increased responsiveness to stressors (Kendler et al., 2000). A prior
twin study compared hippocampal volume between veterans with Vietnam combat-related
PTSD and their non-exposed hon-PTSD monozygotic twin brothers with a history of
military service in the Vietnam Era. These twin pairs were compared to a group of
monozygotic twin pairs with a history of Vietnam Era military service where neither twin
had PTSD but one brother had a history of Vietnam combat exposure. Hippocampal volume
was smaller in PTSD patients as a whole compared to non-PTSD. Hippocampal volume in
the brothers of PTSD patients was correlated with level of PTSD symptom severity in the
PTSD patients, and was smaller than in the brothers of combat-exposed veterans who did
not develop PTSD. The authors concluded that smaller hippocampal volume in PTSD was
genetically determined (Gilbertson et al., 2002). However, this study did not include both
monozygotic and dizygotic twin pairs, which permit a determination of the relative
contribution of genetic and environmental factors. Therefore, this study did not exclude the
possible contribution of environmental factors to smaller hippocampal volume in PTSD. The
results of our current showing no significant interaction by zygosity are in contradiction to
these prior conclusions, and in fact argue for a largely environmental contribution to smaller
hippocampal volume in PTSD, although given the small sample size a genetic contribution
cannot be excluded. Given the fact that twins in this study have similar familial and
environmental exposures, including similar levels of alcohol exposure and childhood trauma,
apart from exposure to Vietnam combat, the most salient explanation for our findings is that
exposure to the stress of combat results in smaller hippocampal volume in individuals who
later develop PTSD. The hypothesis that stress results in smaller hippocampal volume in
PTSD is in fact supported by a large literature in both animals and humans (Czeh et al.,
2001; Duman et al., 2001; Sapolsky, 2001; van der Beek et al., 2004).

The use of the co-twin study design minimizes a number of the potentially confounding
factors that have affected prior studies of hippocampal volume in PTSD. Twins share the
same intra-uterine and early family environment, as well as socioeconomic status in
childhood, reducing differences between twins in factors other than the factor of interest,
which in this case is the stress of combat exposure. The twin pairs in this study had identical
age and race, and similar years of education. We did not find a correlation between age and
hippocampal volume in the current study, which is to be expected as the twins were in a
restricted age range due to their military service during the period of the Vietnam War.
Although prior studies have found reductions in gray matter with age (Jernigan et al., 1991),
the most significant results for hippocampal volume were found in more elderly persons
than the current sample (Lupien et al., 1998). As noted above, duration of PTSD symptoms
has been correlated with hippocampal volume. In the current study we did not collect
detailed information on symptom duration, although all twins had PTSD related to their
combat experiences, so duration would have been limited by the range of years during which
the Vietnam war took place. Twin pairs in the current study had similar levels of exposure to
trauma in childhood as measured by the ETI. In the current study, twin pairs had similar
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levels of alcohol exposure as measured by the ASI, unlike prior studies in which PTSD
patients had higher levels of alcohol exposure. These findings suggest that smaller
hippocampal volume is related to PTSD and not the confounding factors that have been
associated with PTSD in prior studies.

This study has several limitations. The sample was restricted to veterans from the Vietham
Era and PTSD was related to combat, and therefore the results may not be generalizable to
civilians with non combat-related PTSD. The current study employed manual based tracings
of hippocampal volume, which have been widely used in the literature and have
demonstrated differences between PTSD patients and controls in numerous studies.
Although automated methods are available, we are not aware of any evidence for superior
reliability or accuracy for hippocampal measurements. Findings of smaller hippocampal
volume could possibly be accounted for by factors related to military service other than
combat stress. Up to 20% of veterans have a history of traumatic brain injury (TBI)
(Chapman and Diaz-Aurrastia, 2014), and TBI has been associated with smaller hippocampal
volume (Bigler et al., 1997; Jorge et al., 2007; Monti et al., 2013; Tate and Bigler, 2000).
Prior studies of TBI, however, mostly included patients with moderate or greater TBI, who
were excluded in the current study, as were patients with loss of consciousness of greater
than 1 min. As noted above the sample size was limited, confined by the total number of
twins discordant for Vietham combat and PTSD currently alive in the United States, which
limits conclusions about the results. Based on this we cannot conclude that there is not a
genetic contribution to smaller hippocampal volume in PTSD.

This study is consistent with smaller hippocampal volume in PTSD, and suggests that it is
largely due to environmental exposures, such as combat, rather than genetic factors. Based
on our data, the effect of genetic factors in explaining the association between PTSD and
hippocampal volume is likely to be small, although a partial effect cannot be excluded. Our
results are not consistent with the idea that the association between PTSD and hippocampal
volume is exclusively due to a genetic effect, as previously postulated. Twin brothers share
familial and environmental backgrounds, however in this case the twin brothers differed in
terms of Vietham combat exposure, which is a likely determinant of their PTSD. A finding
of a significant environmental contribution to smaller hippocampal volume in PTSD would
be consistent with an extended literature in animals showing both genetic and environmental
contributions to hippocampal structure. Future studies are indicated to replicate this finding.

Data expressed as Mean and (Standard Deviation) or (percentage); C = current;
CADSS=Clinician Administered Dissociative States Scale; * = Data expressed as number of
individuals with the diagnosis and the percentage within that group in parentheses;
CAPS=Clinician Administered PTSD Scale; PTSD=Posttraumatic Stress Disorder; L =
lifetime; ™*p < .001.
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29 DZ and 19 MZ Pairs Met Initial

Criteria for Participation and

Consented to Have Names Released

to Study Staff in Atlanta

\ 4

25 DZ and 17 MZ Pairs Completed
Travel to Atlanta & Completed SCID

\ 4

39 DZ and 11 MZ Pairs
Excluded from Participation
Based on Initial Screening by
Vietnam Era Twin Registry
due to lack of interest, lack of
followup, refusal, study criteria
exclusion, or lost to followup

21 DZ and 13 MZ twin pairs
included in analysis

Fig. 1.

\ 4

1 DZ and 1 MZ pair excluded
due to major psychiatric
disorder in non-combat
exposed twin (schizophrenia,
bipolar disorder) based on
SCID, 1 DZ pair excluded
because a twin could not
complete the MRI, 3MZ and 2
DZ pairs excluded because
combat exposed twin did not
have PTSD or non-exposed had
PTSD (similar Mississippi
scores within pairs)

Subject flow diagram. 68 DZ and 30 MZ pairs initially screened for participation by vietham

era twin registry at hines IL
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Fig. 2.

Ri%ht hippocampal volume in monozygotic (N = 13 pairs; closed squares) and dizygotic (N
= 21 pairs; open triangles) discordant for combat exposure and PTSD. There was a mean
11% smaller volume in the PTSD affected twin compared to each non-PTSD twin brother
(2049 mm3 (335 SD) v 2229 mm? (380 SD) (p = .002).

J Psychiatr Res. Author manuscript; available in PMC 2021 August 06.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Bremner et al.

Table 1

Demographic factors in twins with (N = 34) and without (N = 34) PTSD.

Non-PTSD (N = 34) PTSD (N = 34)
Age 51.9 (1.6) 51.9 (1.6)
Years of Education 14.4 (2.6) 13.8 (2.3)
CAPS (PTSD) 7.6 (10.4) 41.6 (32.2)%**
CADSS (Dissociation) 1.8 (3.9) 10.5 (13.2) ***
Mississippi (PTSD) 72.5 (17.6) 100.2 (29.1) ***
Early Trauma Inventory 22.3(15.2) 23.4(18.1)
Major Depression® 10 (29.4%) C, 17 (50.0%) L 0 (0%) C, 1 (2.9%) L
Dysthymia’ 2 (5.8%) CIL 0 (0%) C/L
Panic Disorder without Agoraphobia® 3 (8.8%) C, 6 (17.6%) L 0 (0%) C/L
Panic Disorder with Agoraphobia™ 3(8.8%) C/L 0 (0%) C/L
Agoraphobia without Panic Disorder® 1 (2.9%) C/L 0 (0%) C/L

Social Phobia®

Simple Phobia®

Obsessive Compulsive Disorder®

Generalized Anxiety Disorder®

Alcohol Abuse®
Alcohol Dependence”
Years of Alcohol Abuse
Substance Abuse”
Substance Dependence”

Years of Substance Abuse

3(8.8%) C, 4 (11.8%) L
4 (11.8%) C/L

1(2.9%) C, 2 (5.8%) L
3(8.8%) C/L

0 (0%) C, 7 (20.6%) L
0 (0%) C, 13 (38.2%) L
5.1(7.5)

0 (0%) C, 9 (26.5%) L
0 (0%) C, 3 (8.8%) L
15(3.3)

0 (0%) C, 1 (2.9%) L
0 (0%) C, 3 (8.8%) L
0 (0%) C/L

0 (0%) C/L

0 (0%) C, 6 (17.6%) L
0 (0%) C, 3 (8.8%) L
46 (4.6)

0(0%) C, 5 (14.7%) L
0 (0%) C/L

3.8(7.4)
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