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Abstract

Post-traumatic stress disorder (PTSD) is a prevalent, disabling anxiety disorder that constitutes a
major health care burden. Despite evidence supporting a genetic predisposition to PTSD, the
precise genetic loci remain unclear. Herein we review the current state and limitations of genetic
research on PTSD. Although recent years have seen an exponential increase in the number of
studies examining the influence of candidate genes on PTSD diagnosis and symptomatology, most
studies have been characterized by relatively low rates of PTSD, with apparent inconsistencies in
gene associations linked to marked differences in methodology. We further discuss how current
advances in the genetics field can be applied to studies of PTSD, emphasizing the need to adapt a
genome-wide approach that facilitates discovery rather than hypothesis testing. Genome-wide
association studies offer the best opportunity to identify novel “true” risk variants for the disorder
that in turn has the potential to inform our understanding of PTSD etiology.
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Introduction

Post-traumatic stress disorder (PTSD) occurs following exposure to a traumatic event and is
defined by distinct symptom clusters of re-experiencing, avoidance and numbing, and
arousal persisting for more than 1 month after trauma [1]. At least 1 in 9 American women
and 1 in 20 American men will meet criteria for the diagnosis in their lifetime [2].
Individuals who develop PTSD have an increased risk of major depression, substance
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dependence, and other health conditions, as well as impaired role functioning and reduced
life course opportunities [3, 4]. Among the 50% to 85% of Americans who are exposed to a
traumatic event, the risk of PTSD ranges from 2% to 50%, depending on the type of trauma
exposure [5, 6].

Why some individuals develop PTSD following trauma exposure while others are resilient
remains a key question in trauma research. The importance of genetic influences on PTSD
risk have been recognized for half a century [7]; however, little progress has been made in
identifying true or causal risk genetic variants for PTSD. The genetic epidemiology of PTSD
has been primarily limited to twin and candidate gene association studies, and there have
been no linkage studies of PTSD. Twin studies have all shown monozygotic twins to have
significantly higher concordance for PTSD than dizygotic twins, resulting in heritability
estimates in the range of 30% to 40% [8, 9]. Despite evidence supporting a genetic
predisposition to PTSD, an insufficient amount of research has focused on identifying the
precise genetic loci that account for the moderate heritability estimate. This article reviews
the current state and limitations of genetic research on PTSD. We then discuss how these
limitations could be addressed through genome-wide association studies (GWAS), which,
combined with well-powered replication samples, offer the best opportunity to identify
novel “true” risk variants for the disorder.

Candidate Gene Association Studies

The candidate gene association design has been the most commonly used approach in the
field of PTSD genetics to date. In this approach, allele or genotype frequencies are
compared between a sample of PTSD patients and a sample of trauma-exposed, non-PTSD
controls. The two most common types of genetic variations, referred to as polymorphisms,
studied are single nucleotide polymorphisms (SNPs, in which one single nucleotide base
differs) and variable number tandem repeats (VNTRSs, in which the nucleotide sequence
repeat pattern differs).

In the candidate gene study design, genetic regions are typically selected for study based on
their hypothesized putative relationship with the neurobiological processes underlying the
development and/or maintenance of PTSD. Table 1 presents a list of candidate genes for
PTSD that have been the focus of at least one published study. Most of the extant molecular
genetic studies of PTSD have focused on the dopaminergic and serotonergic systems. In
fact, 18 of 30 genetically informed studies of PTSD have focused on genes in these systems.
Markers of the hypothalamic-pituitary-adrenal axis (FKBP5, GCCR, CNR1), components of
the locus coeruleus/noradrenergic systems (NPY, DBH), and neurotrophins (BDNF) also
have been studied. Reviews detailing the neurobiological mechanisms whereby these genes
are hypothesized to exert their effects are available elsewhere [10e, 11].

Table 2 summarizes the 30 genetic association studies of PTSD published to date. Five
studies examined the association between SNPs of the dopamine receptor D2 (DRD2) region
and chronic PTSD [12-16]. The first two studies [12, 13] found a positive association
between risk and a SNP commonly known as TaglA within the coding region of the ankyrin
repeat and kinase domain containing 1 (ANKKZ1) gene, located downstream of DRD2.
Young et al. [15] replicated these findings, but only in a subset of PTSD patients who
engaged in harmful drinking. A fourth study found no association with this or any other
DRD2 variant or haplotype [14]. Voisey et al. [16] also reported no significant effect of the
TaqglA SNP on risk of PTSD but reported a significant association with another DRD2
variant (rs6277) that has yet to be replicated. All five studies included non-Hispanic white,
combat-exposed patients, but only one included controls who were specifically selected for
trauma exposure [13]. Two studies examined a VNTR in a dopamine transporter gene
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(DAT1), and both reported an increased risk of PTSD with 9 40-bp repeats compared with
10 repeats despite differences in traumatic exposure across studies [17, 18]. Finally, a
VNTR in the gene encoding the dopamine receptor D4 (DRD4) was examined in relation to
PTSD diagnosis and symptoms within 3 months of exposure to a flood [19]. Findings
supported significantly higher levels of avoidance/numbing symptoms in carriers of the long
(seven or eight repeats) allele, as well as higher levels of PTSD symptoms as measured by a
questionnaire indexing the intensity of PTSD symptoms. However, genotype did not predict
PTSD diagnosis, and although a trend was observed, it did not significantly predict PTSD
symptoms on a measure of clinical symptoms. Although most studies of the DRD4 VNTR
have compared long-allele carriers with short-allele carriers, fine-mapping and resequencing
studies suggest potential functional differences among these subgroups that may in turn
impact association studies using the traditional long/short classification [20].

Among 10 studies investigating the serotonergic system [21, 22, 23ee, 24e¢, 25, 26¢, 27-30],
all but one [25] examined an insertion/deletion polymorphism in the promoter region of the
serotonin transporter (SLC6A4, locus 5-HTTLPR) commonly annotated as “long (1)” and
“short (s)” alleles with inferred high and low expression, respectively [31]. The first reported
an excess of s/s genotypes in Korean PTSD patients compared with controls who were not
selected for exposure [21]. Mellman et al. [29] and Sayin et al. [30] reported no effect of the
5-HTTLPR polymorphism on risk of lifetime PTSD following various post-traumatic
exposures. Sayin et al. [30], however, observed a positive association between the s allele
and severity of PTSD and hyperarousal symptoms [30]. In a prospective study of emergency
department physical trauma patients (n=41), Thakur et al. [26¢] found that 5-HTTLPR was
not significantly associated with initial risk for PTSD diagnosis. To examine the variant’s
association with PTSD chronicity, the authors compared participants continuing to evidence
PTSD at 12 months with those who no longer met criteria for PTSD at 12 months (including
participants who did not meet initial diagnosis and participants who evidenced remission of
early PTSD diagnosis). Findings supported excess I/l genotypes in chronic PTSD patients
compared with a group of acute PTSD patients and exposed nonpatients (P=0.052).
Although this study was significantly limited by a small sample size and by the grouping of
participants who met initial diagnostic criteria along with participants who did not meet
initial diagnosis, the results suggest that predictors of onset may differ from predictors of
chronicity. Additionally, the 5-HTTLPR polymorphism has been found to be triallelic in that
a third functional allele Lg, has been identified [32]; L is characterized by an A > G
substitution at nucleotide 6 of the first of two extra 22-bp repeats in the | allele, resulting in
transcriptional capacity comparable with that of the s allele. Following, it has become
common practice to classify the 5-HTTLPR triallelically. Accordingly, investigations that
have examined only the insertion/deletion may have included less transcriptionally efficient
variants in their “I” allele groups.

The remaining four studies considered potential gene—environment (G x E) interactions, and
all these studies classified the 5-HTTLPR triallelically [23ee, 24+, 27, 28]. Kilpatrick et al.
[23+¢] found the inferred low expression “s” variant of the 5-HTTLPR increased risk of post-
hurricane PTSD only under conditions of high environmental stress exposure (high
hurricane exposure and low social support). Using the same study population of hurricane-
exposed adults, Koenen et al. [24+¢] reported a similar G x E interaction when a high-risk
environment was defined by a high county-level crime rate and county-level unemployment
rate. Notably, this is the first demonstration of a gene by social environment interaction.
Moreover, and relevant to the pattern of inconsistencies reported for this genetic variation
was the observation of a protective effect of the “s” variant under conditions of low risk
[24+<]. Grabe et al. [28] reported an increased risk of lifetime PTSD associated with the high
expression variant as well as an additive interaction with number of traumatic events in a
population-based sample of German adults (2079 years of age). In contrast to the
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Kilpatrick et al. [23+¢] and Koenen et al. [24+¢] investigations, both a strength and a
limitation of this investigation is the heterogeneity of the timing and type of traumag(s)
experienced by participants. Xie et al. [27] observed a significant interaction between
variation in 5-HTTLPR and adult and/or child trauma for risk of lifetime PTSD. More
specifically, increased risk of PTSD was evidenced in “s” allele carriers who experienced
childhood and adulthood trauma.

Yet another serotonergic polymorphism, a G —A substitution (rs6311) in 5-
hydroxytryptamine (serotonin) receptor 2A (5-HT2A), was examined in a sample of Koreans
by Lee et al. [25] and in a sample of Americans by Mellman et al. [29]. Both reported an
increased risk of PTSD associated with the G allele, although Lee et al. [25] observed this
effect only among women.

The remaining studies explored genetic polymorphisms across alternative neurobiological
pathways, with mixed success. These included markers of the hypothalamic-pituitary-
adrenal axis (FKBP5, GCCR, CNR1) and components of the locus coeruleus/noradrenergic
systems (NPY, DBH, COMT, GABRA2). Loci-encoding neurotrophins (BDNF), lipoproteins
(APOE), and regulators of G-protein signaling (RGS2) also have been investigated. No
significant associations were reported between chronic PTSD and variation in genes
encoding glucocorticoid receptor (GCCR) [33], neuropeptide Y (NPY) [34], or brain-derived
neurotrophic factor (BDNF) [35, 36]. Two variants in DBH encoding dopamine -
hydroxylase were also not associated with current or chronic PTSD following exposure to
combat [37]. Among a population of predominantly African Americans, Binder et al. [38]
reported significant interactions between four highly linked variants in FKBP5 (FK506
binding protein 5) and severity of child abuse in prediction of adult PTSD symptoms. The
same four variants were recently examined by Xie et al. [39¢¢] in a population of non-
Hispanic whites and African Americans. Three of the variants were associated with risk of
PTSD only among African Americans. Moreover, Xie et al. [39+¢] observed a significant
interaction between one of these four FKBP5 variants and childhood adversity that was
specific to the African American subgroup, which was consistent with results reported by
Binder et al. [38]. Lu et al. [40] reported a significant association between lifetime PTSD
and one of four SNPs in CNR1 (cannabinoid receptor 1) among parents and a haplotype of
two CNR1 SNPs among parents of youth with attention-deficit/hyperactivity disorder. The
same study, however, reported no relationship between any CNR1 polymorphism and PTSD
among an independent population of similar ancestry [40]. Significant G x E interactions for
risk of PTSD were recently reported in studies of GABRA2 (y-aminobutyric acid A receptor,
a2) [41] and COMT (catechol-O-methyltransferase) [42]. Several variants of GABRA2
interacted with composite lifetime history of trauma exposure [41], while a well-
characterized amino acid substitution (Val158Met) in COMT interacted with the number of
traumatic event types [42]. A single study examined the association between the commonly
investigated APOE variation and PTSD symptoms among PTSD veterans [43]. The APOE
€2 allele was associated with higher re-experiencing scores [43]. Additionally, a variant in
the regulator of G-protein signaling 2 (RGS2) was found to be associated with increased risk
of PTSD (current and lifetime) symptoms under conditions of high stress [44].

Our review of genetic association studies as presented in Table 2 leads to four conclusions.
First, relatively few genetic association studies of PTSD—when compared with mental
disorders of similar heritability such as depression—have been conducted. Second, a very
limited number of candidate genes selected from a few relevant neurobiological pathways
have been studied. Third, sample sizes have been small, and range of exposure type and
duration limited. Fourth, existing studies have produced conflicting results. For example, in
six studies [21, 22, 23ee, 249, 27, 29], the low expression “s” allele of the serotonin
transporter polymorphism increased risk of PTSD, and in two studies, the high expression
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“I” allele increased risk [26e, 28]. These inconsistencies are likely a result of differences in
study design and underscore the need to attend to these differences for not only
interpretative purposes but also as a means to move forward efficiently and successfully in
the field of PTSD genetics.

Genome-Wide Association Studies of Post-Traumatic Stress Disorder

Advances in cost-effective, high-throughput genotyping platforms have led to the new era of
GWAS. Such studies take an agnostic approach to risk loci discovery by comparing
frequencies of hundreds of thousands of SNPs across the entire genome of cases with those
of controls. GWAS are especially powerful when genetic variations with appreciable
frequency in the population at large but relatively low penetrance are the major contributors
to genetic susceptibility to common diseases; this is often described as the “common
disease, common variant” hypothesis [45]. Thus far, GWAS have been successful in
uncovering more than 600 new loci for more than 130 complex diseases and traits, including
psychiatric conditions such as schizophrenia, bipolar disorder, and attention-deficit/
hyperactivity disorder [46]. A notable absence, however, is any GWAS of PTSD.

The candidate gene association approach used by all genetic epidemiologic studies of PTSD
to date relies on biological hypotheses to guide the choice of candidate genes. Given the
relative paucity of information regarding the biological underpinnings of PTSD, this
approach has been limited to a few biological pathways. Moreover, only a few SNPs from
each candidate gene have been examined. Therefore, a null finding does not necessarily rule
out the role of the gene in PTSD etiology, even under ideal study conditions. We believe
GWAS is the next necessary step in genetic research of PTSD. Large, well-designed GWAS
with well-powered replication samples offer the best opportunity to identify the true causal
variants that underlie the disorder. In the remainder of this article, we discuss important
design considerations specific to GWAS of PTSD. Design considerations for GWAS in
psychiatric disorders have been well-described elsewhere [47¢, 48+¢] and thus are not a focus
of this article.

Trauma-Exposed Controls

Appropriate control selection remains a major challenge to PTSD genetic studies. Because
PTSD is conditional on trauma exposure, a substantial proportion of the population that is
not trauma exposed may carry an unexpressed genetic vulnerability for PTSD. Selecting
controls independently of their trauma exposure would impede detection of PTSD risk loci,
especially if these loci have modest effect sizes [8, 49]. In addition, a significant genetic
association with PTSD may not be distinguishable from a gene—trauma correlation. To
reduce both type 1 and type 2 errors, controls should be selected from the same underlying
population as cases, with both groups evidencing comparable levels of trauma exposure
(including severity and duration).

Fourteen of the published PTSD genetic studies have used the standard epidemiologic study
design in which a random sample is drawn from an underlying population and assessed for
trauma exposure and PTSD to ensure appropriate control selection. Prospective population-
based designs or prospective exposed cohort designs, in which individuals are enrolled in a
study upon exposure to a traumatic event and observed over time to see who develops PTSD
(cases) and who does not (controls), are preferable options but also require additional effort
and resources.

Gene-Trauma Correlations

Twin studies have highlighted potential G x E correlations, whereby selection of
environment and, subsequently, potential for exposure to trauma is partially determined by
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genetic factors [9, 50, 51]. Data from civilian and non-civilian twin studies suggest that
heritability for traumatic events ranges widely, from negligible for disasters and accidents
and to more than 50% for being awarded a combat metal in Vietham (which correlates
highly with self-reported combat exposure) [9, 51, 52]. Individual personality and

behavioral characteristics are moderately heritable and may explain in part reported gene—
trauma correlations [52, 53]. These correlations may impact the ability to detect
susceptibility loci specific to PTSD. Indeed, some of the candidates listed in Table 1 have
been associated with particular personality or behavioral characteristics that may be tied to
likelihood of experiencing a traumatic event [54, 55]. Consequently, PTSD researchers need
to consider issues related to gene—trauma correlation carefully in their study design and
statistical analysis. Modeling PTSD development following exposure to natural (eg,
hurricanes) or human-made disasters (eg, large-scale terrorist attacks) is one viable strategy
to attempt to control for gene—trauma correlations, as the occurrence of these events is
largely independent of the individual victim’s behavior or personality. However, it should be
noted that although the exposure to these forms of events may be largely random, the effects
of these events are not distributed at random. For example, individuals who are at low
socioeconomic status may be affected by a disaster to a higher degree than individuals who
are socioeconomically privileged (eg, they may be less likely to be able to evacuate or afford
rapid repairs to their home or belongings).

Case Definition

Published studies are characterized by marked heterogeneity in definition and assessment of
“caseness.” Whereas some studies rely on self-report questionnaire assessment of trauma
exposure and PTSD, others have conducted formal clinical interviews in person or by
telephone. Additionally, studies vary markedly in the degree to which they report the
influence of genotype on diagnostic status versus symptom severity or subsets of symptoms.
Most published investigations made limited to no efforts to address duration of time since
trauma; time lapsed since trauma exposure is an important consideration because it may be
associated with remission or change in PTSD symptoms. Individuals selected into the case
group therefore may be a mix of acute and chronic PTSD cases, and those selected into the
control group a mix of individuals with no history of PTSD and individuals in remission at
the time of PTSD assessment. Factors that influence the onset of the disorder may differ
from those that influence the course, chronicity, or recovery from the disorder once it
develops [56, 57]; thus, attention should be paid to distinguishing these phenotypes. Genetic
influences may differ for acute versus chronic PTSD. Interestingly, all six studies that
included incident (acute) cases within 6 months of trauma reported significant genetic
effects. The probability of remission (or persistence) also may vary by trauma type [42].
Even studies designed to implement follow-ups at specific time points after trauma (as may
be conducted following natural disaster) are challenged by the potential that some
participants may have experienced trauma before the index trauma and may experience new
traumas after the index trauma. Lifetime PTSD may be a better case definition under
conditions in which information on type as well as duration of time between event and
assessment is limited.

PTSD (acute or chronic) is a heterogeneous phenotype, with clusters of symptoms likely
representing a defined reaction to trauma, modified by a unique set of genetic variants [58,
59]. Some argue that “endophenotypes,” measurable intermediate phenotypes that are
generally closer to the action of the gene, may function as a better index of genetic liability
for disease that overcomes the limitations in PTSD diagnosis [59]. A variety of
endophenotypes have been proposed to index PTSD, ranging from behavioral symptoms to
more biological measures, such as those obtained via neuroimaging [59-61]. Although a
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quantitative measure of PTSD may improve the power to detect genetic loci, the overall
feasibility of the approach and generalizability of results remain unclear.

Post-Traumatic Stress Disorder Comorbidity

PTSD is highly comorbid with other psychiatric disorders, which may be explained by a
common genetic diathesis [5]. A positive family history of psychiatric disorders is a
consistent risk factor for development of PTSD [4, 62, 63]. Preexisting psychiatric disorders,
particularly conduct disorder, major depression, and nicotine dependence, also increase
PTSD risk [4, 64, 65]. At the same time, PTSD increases risk of first-onset major
depression; alcohol, drug, and nicotine dependence; and smoking [66, 67]. The incidence of
other psychiatric disorders is not higher in individuals who experience trauma but do not
develop PTSD, suggesting that PTSD represents a generalized vulnerability to
psychopathology following trauma [4]. Twin studies have demonstrated that genetic
influences common to major depression, generalized anxiety disorder, panic disorder, or
substance dependence account for up to 60% of the genetic variance in PTSD [64, 68, 69].
Variants implicated in PTSD also have been associated with other psychiatric conditions
[70-72]. These findings raise the question of how to address other disorders in GWAS of
PTSD.

An unscreened sample would be preferable to a screened sample because it would ensure
that noncases and cases are identical for all characteristics other than affection status.
Screening controls for other psychiatric conditions would reduce the genetic variance shared
by cases and controls but at the expense of PTSD specificity. Screening both cases and
controls would generate a very refined PTSD phenotype and limit the generalizability of
results. Any of these approaches may be taken, but each will potentially inform different
aspects of PTSD development. Indeed, the Psychiatric GWAS Consortium (PGC)
recognizes that the comorbid nature of psychiatric conditions presents an opportunity rather
than solely a challenge. Consequently, the PGC aims to coordinate and facilitate large-scale
collaborative analyses using not only the traditional disorder categories but also
nontraditional analyses that cut across diagnostic categories [48+¢]. Regardless of the
approach taken to address PTSD comorbidities, investigators will need to carefully consider
their approach when interpreting results, comparing across studies, and designing a suitable
follow-up study for replication [11].

Gene-Environment Interactions

Trauma timing, type, and severity seem to modify genetic risk in PTSD. Individuals whose
first trauma occurs in childhood as opposed to adolescence or adulthood are at particularly
high risk of developing the disorder [62, 63, 73, 74]. Childhood abuse prospectively predicts
trauma exposure in adolescence and adulthood; victims of childhood sexual abuse in
particular are at increased risk of being raped later in life [73]. The conditional risk of
developing PTSD is higher for interpersonal violence events such as rape than for other
types of traumatic events (eg, sudden unexpected death) [75, 76]. A dose—response relation
between severity of exposure and conditional risk of developing PTSD also has been well-
documented [5].

A G x E interaction occurs when the effect of genotype on risk of a disorder differs by the
presence or absence of an environmental pathogen, or vice versa. For example, degree of
exposure to childhood abuse, but not adult trauma, modifies the association between
polymorphisms in FKBP5 and PTSD symptoms in adults [38]. The presence of G x E
interactions may mask our ability to detect susceptibility loci and might explain in part the
inconsistent results observed across genetic association studies conducted to date. Thus far,
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10 PTSD genetic association studies have specifically accounted for G x E interactions. Five
have examined association with genetic variation in 5-HTTLPR [22, 23ee, 24, 27, 28].

Factors impacting power to detect main genetic effects will also apply to tests for G x E
interactions. The prevalence and effect of the environmental pathogen, as well as the type
and size of interaction effect will also determine study power. A rule of thumb is that a
fourfold increment in sample size is required to test for a multiplicative interaction of two
main effects [77]. Clearly, most of the existing studies in Table 2 were underpowered to
detect G x E.

While aforementioned issues pertaining to study design impact any PTSD genetic study,
attending to each is particularly important in the context of GWAS. For example, sample
heterogeneity in combination with multiple testing penalties will severely reduce the power
of a single GWAS. Given the small sample sizes of existing PTSD studies, pooling or meta-
analyzing data may be the only means by which to attain the necessary sample sizes for a
successful GWAS. However, the power of this collective approach will need to be weighted
against the need to account for a second dimension of heterogeneity—that which occurs
between studies. Interest is also growing in extending GWAS to discovery of gene—gene and
G x E interactions. Statistical approaches to detect interactions, however, presently are less
standardized relative to statistical tests for main genetic effects. When applying traditional
tests for interactions, sample size requirements clearly exceed those for main effects
analysis. Nevertheless, new methods for G x E interaction testing have been and will
continue to be developed to boost statistical power for detection while maintaining low type
1 error [78, 79].

Conclusions

PTSD is a prevalent, disabling anxiety disorder that constitutes a major health care burden.
Despite intensive research efforts during the past few decades, PTSD remains poorly
understood in terms of etiology and shows modest response to current treatment
interventions. ldentifying the specific genes associated with PTSD risk should provide
critical insight into the cause of this disorder that may lead to the development of novel
diagnostic and therapeutic strategies. Although recent years have seen an exponential
increase in the number of studies examining the influence of candidate genes on PTSD
diagnosis and symptomatology (Fig. 1), most studies have been characterized by relatively
low rates of PTSD, with apparent inconsistencies in gene associations linked to marked
differences in methodology. Extant studies evidence many of the challenges common to
trauma research, including control group trauma exposure, comorbidity in both case and
control groups, influences on likelihood of exposure to trauma, time since index trauma, and
number/type/timing of trauma(s) experienced. The combination of important methodologic
differences and relatively few studies examining most of the variants make interpretation of
findings across studies difficult; observed findings may indicate specificity of real genetic
effects or may simply reflect design limitations.

Progress in the development of powerful new techniques for locating and identifying human
susceptibility genes and genetic variations contributing to common diseases has created new
opportunities to advance our understanding of the etiology of mental disorders. These
opportunities, however, have not been sufficiently recognized in the field of PTSD genetics.
A completely untapped avenue for future research in measured genes and PTSD is GWAS.
PTSD is uniquely fitting for this innovative approach, but its application will require a
dramatic shift from our current hypothesis-driven science to a data-driven science. Large-
scale collaborations will be crucial for success of the GWAS approach by increasing sample
sizes, enabling replication of findings from individual studies, and optimizing methods for
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analysis. PTSD investigators therefore must recognize the need to cooperate and share data
to maximize the knowledge obtained from GWAS. Upon effective implementation, GWAS
will be a first step toward harnessing the accruing advancements in genetic research that will
undoubtedly enhance our understanding of PTSD etiology and identify opportunities for
treatment and prevention.
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Fig. 1.
Number of post-traumatic stress disorder candidate gene association studies published by
year and neurobiological system. HPA hypothalamic-pituitary-adrenal
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