
American Journal of Medical Genetics Part C (Seminars in Medical Genetics) 148C:127–132 (2008)

A R T I C L E

Genetics of Post-Traumatic Stress Disorder:
Informing Clinical Conceptualizations and Promoting
Future Research
NICOLE R. NUGENT, ANANDA B. AMSTADTER, AND KARESTAN C. KOENEN**

The purpose of this article is to provide an overview of genetic research involving post-traumatic stress disorder
(PTSD). First, we summarize evidence for genetic influences on PTSD from family investigations. Second, we
discuss the distinct contributions to our understanding of the genetics of PTSD permitted by twin studies. Finally,
we summarize findings from molecular genetic studies, which have the potential to inform our understanding of
underlying biological mechanisms for the development of PTSD. � 2008 Wiley-Liss, Inc.
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INTRODUCTION

Prevalence estimates from epidemio-

logical studies suggest that the majority

of individuals (50–70%) have been

exposed to at least one potentially-

traumatic event (PTE) during their

lifetime [Kessler et al., 1995; Breslau

et al., 1998]. Although the majority of

those exposed to PTEs are resilient

or recover rapidly following exposure, a

substantial minority develop chronic

psychopathology, most commonly post-

traumatic stress disorder (PTSD; [Kessler

et al., 1995; Kilpatrick et al., 2003]).

PTSD is characterized by symptoms of

re-experiencing, avoidance, and hyper-

arousal persisting for more than 1 month

post-trauma [American Psychiatric Asso-

ciation, 1994]. The present article pro-

vides an overview of genetic factors in

the etiology of PTSD, with explicit goals

of informing clinical conceptualization

of PTSD as well as promoting further

research in a pioneering area of study.

PTSD RUNS IN FAMILIES

If risk for PTSD is partially explained

by genetic factors, biological relatives

(family members) of individuals with

PTSD should have a higher prevalence

of PTSD than similarly trauma-exposed

controls that did not develop PTSD.

Consistent with a role for a genetic

contribution in PTSD, adult children

of Holocaust survivors with PTSD had a

higher risk of PTSD following trauma

compared to adult children of Holocaust

survivors without PTSD [Yehuda et al.,

2001]. Similarly, Cambodian refugee

Consistent with a role for a

genetic contribution in PTSD,

adult children of Holocaust

survivors with PTSD had a

higher risk of PTSD following

trauma compared to adult

children of Holocaust

survivors without PTSD.

children whose parents both had PTSD

were five times more likely to receive the

diagnosis than refugee children whose

parents did not have PTSD [Sack et al.,
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1995]. However, family studies cannot

tell us whether a disorder, such as PTSD,

runs in families for genetic or environ-

mental reasons. Twin studies have been

used to distinguish between genetic and

environmental influences in disorder

etiology.

PTSD IS HERITABLE

Twin studies have made four major

contributions to our understanding

of the genetic etiology of PTSD. First,

they indicate that genetic factors in-

fluence exposure to PTEs. This is

referred to as gene-environment corre-

lation, whereby selection of environ-

ment, and subsequently potential for

exposure to trauma, is partly determined

by genetic factors [Kendler and Eaves,

1986]. For example, twin studies have

demonstrated that genetic factors in-

fluence exposure to PTEs such as

combat exposure [Lyons et al., 1993]

and assaultive violence [Stein et al.,

2002]. These gene-environmental cor-

relations are likely due in part to

individual differences in personality.

Personality characteristics are mode-

rately heritable and influence the

tendency for individuals to select them-

selves into potentially harmful environ-

ments. For example, longitudinal

investigations have found that childhood

adjustment and neuroticism predicted

subsequent stressful life events in

adulthood [Van Os and Jones, 1999].

Similarly, research has found that child-

hood externalizing is prospectively asso-

ciated with both risk of trauma exposure

and with PTSD in adulthood [Koenen

et al., 2007b]. One investigation found

that genetic factors partially mediated

the association between personality

variables (such as antisocial personality

traits, psychoticism, and openness to

novelty) and exposure to violent

traumatic events [Jang et al., 2003].

Second, twin studies suggest genetic

influences explain a substantial propor-

tion of vulnerability to PTSD even after

accounting for genetic influences on

trauma exposure. The first twin study to

estimate heritability of PTSD was con-

ducted by True et al. [1993] on members

of the Vietnam Era Twin (VET) Registry.

The authors found that approximately

30% of the variance in PTSD was

accounted for by genetic factors, even

after controlling for combat exposure.

Genetic influences on PTSD were similar

for twins who did not serve in Southeast

Asia, suggesting heritability of PTSD has

generalization to traumatic events other

than combat exposure. The second

twin study of PTSD was conducted on

a sample of male and female civilian

volunteers [Stein et al., 2002]. Consistent

with True and colleagues, the authors

found moderate heritability in PTSD

symptoms, with additional variance ac-

counted for by non-shared environ-

mental factors. The findings from these

two twin studies support suggest that

genetic factors play a substantial role in

vulnerability to developing PTSD.

Third, twin studies have demon-

strated that genetic influences on PTSD

overlap with those for other mental

disorders. The extent of the overlap

varies with the disorder studied. For

example, genetic influences on major

depression account for the majority of

the genetic variance in PTSD [Fu et al.,

2007; Koenen et al., 2007a]. Genetic

influences common to generalized

anxiety disorder and panic disorder

symptoms account for approximately

60% of the genetic variance in PTSD

[Chantarujikapong et al., 2001] and

those common to alcohol and drug

dependence [Xian et al., 2000] and

nicotine dependence [Koenen et al.,

2005a] account for over 40% of the

variance associated with PTSD. Thus,

the limited data available suggest that the

majority of genes that affect risk for

PTSD also influence risk for other

psychiatric disorders and vice versa.

Genetic influences common to

generalized anxiety disorder

and panic disorder symptoms

account for approximately

60% of the genetic variance in

PTSD and those common to

alcohol and drug dependence

and nicotine dependence

account for over 40% of the

variance associated with

PTSD. Thus, the limited data

available suggest that the

majority of genes that affect risk

for PTSD also influence risk

for other psychiatric disorders

and vice versa.

Fourth, twin studies can provide

important information regarding pos-

sible biological ‘‘endophenotypes,’’ or

intervening phenotypes in multifactorial

disorders that may be more proximal

to genetic variants. Toward the exami-

nation of these endophenotypes, twin

studies have employed monozygotic

(MZ) discordant design, in which

individuals with and without PTSD

are compared across twin pairs on a

specific biological correlate to deter-

mine whether that marker is associated

with the PTSD diagnosis. The design

includes four participant groups:

(1) trauma-exposed index twins who

developed PTSD; (2) their ‘‘high-risk’’

trauma-unexposed co-twins who did

not have PTSD (considered high risk

because their identical twin develop-

ed PTSD when exposed to trauma);

(3) trauma-exposed index twins with

no PTSD; and (4) ‘‘low risk’’ trauma

unexposed co-twins who did not have

PTSD (deemed low risk because their

identical twin did not develop PTSD

when exposed to trauma). Pitman et al.

[2006] have used the MZ discordant

design to test whether commonly found

biological correlates of PTSD are

actually risk factors for developing the

disorder. Investigations have generally

emerged from established concomitants

of chronic PTSD [Kitayama et al., 2005;

Smith, 2005] and have identified smaller

hippocampal volume [Gilbertson et al.,

2002] and abnormally large CSP [May

et al., 2004] in twins with chronic PTSD

and in their non-combat exposed co-

twins, as compared to combat veterans

who did not develop the disorder.

Similarly, neurological soft signs (NSS),
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or subtle indices of neurological func-

tion thought to represent ‘‘subtle cortical

dysfunction,’’ are more prevalent in

combat exposed index twins with PTSD

than those without PTSD and high-risk

co-twins had greater NSS than low-

risk co-twins [Gurvits et al., 2006].

These investigations provide important

information regarding biological endo-

phenotypes of PTSD that, given unique

data afforded by MZ discordant design,

likely represents pre-trauma risk factors

rather than consequences of PTSD.

MOLECULAR GENETIC
STUDIES OF PTSD

The primary limitation of twin studies is

that they cannot tell us which genes are

important in PTSD etiology. In contrast,

molecular genetic studies have the

potential to identify markers of vulner-

ability or resilience. To date, only

11 candidate gene studies of PTSD have

been published (see Table I).

Most studies have focused on dop-

amine (DA) system genes. Both animal

and human studies have implicated

the DA system in the etiology of

PTSD [Yehuda et al., 1992; Inglis

and Moghaddam, 1999]. Five out of

Most studies have focused on

dopamine (DA) system genes.

Both animal and human studies

have implicated the DA system

in the etiology of PTSD.

the six investigations of DA system

genes studied the association between

marker alleles at the D2 DA receptor

gene (DRD2) and PTSD. Whereas

initial investigations found a positive

association with the DRD2A1 allele

[Comings et al., 1991, 1996], a subse-

quent investigation, that did not assess

for trauma exposure in the control

group, found no association with the

DRD2A1 allele or with any combina-

tion of alleles for the DRD2 locus

[Gelernter et al., 1999]. Of note,

TABLE I. Review of Published Case-Control Candidate Gene Associations Studies of PTSD

First author Year

Trauma exposed

controls? Trauma type Gene name (symbol) Finding

Comings 1991 No Combat Dopamine receptor D2 (DRD2) Excess D2A1 allele in PTSD cases

P¼ 0.007

Comings 1996 Yes Combat Dopamine receptor D2 (DRD2) Excess D2A1 allele in PTSD cases

P¼ 0.041

1996 Yes Combat Dopamine receptor D2 (DRD2) Excess D2A1 allele in PTSD cases

P¼ 0.002

Gelernter 1999 No Combat Dopamine receptor D2 (DRD2) No significant association between

D2A1 allele/DRD2 haplotypes

and PTSD

Lappalainen 2002 No Combat Neuropeptide Y (NPY) No significant association between

Leu7Pro polymorphism and

PTSD

Segman 2002 Yes Various Dopamine transporter (DAT1) Excess 9-repeat allele in PTSD cases

P¼ 0.012

Young 2002 No Combat Dopamine receptor D2 (DRD2) Excess D2A1 allele only in PTSD

cases with harmful drinking

P< 0.001

Bachman 2005 Yes Combat Glococorticoid receptor (GCCR) No significant association between

GCCR polymorphisms and

PTSD

Lee 2005 No Various Serotonin transporter (SLC6A4) Excess s allele in PTSD cases

P¼ 0.04

Zhang 2006 Not specified Not specified Brain derived neurotrophic factor

(BDNF)

No significant association between

three BDNF variants and PTSD

Kilpatrick 2007 Yes Hurricane Serotonin transporter (SLC6A4) Significant association between s/s

genotype and PTSD in adults with

high hurricane exposure and low

social support

PTSD, post-traumatic stress disorder; D2DA1, Al one allele of DRD2 gene; s allele, short version (versus long) of the serotonin transporter

promoter polymorphism.
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Comings et al. [1996] investigation

consisted of a relatively small sample of

substance abusers with PTSD (N¼ 37)

compared with substance abusers with-

out PTSD (N¼ 19), limiting gene-

ralizability to a substance abusing

population. Comorbid PTSD and sub-

stance abuse was also addressed in an

investigation of combat veterans with

and without PTSD, with analyses reveal-

ing a positive association between

DRD2A1 and PTSD only in the subset

of PTSD cases who engaged in harmful

drinking [Young et al., 2002]. The final

study examined a slightly different facet

of DA transmission in patients with

chronic PTSD and trauma-exposed

healthy controls, reporting a positive

association between of the DA trans-

porter SLC6A3 (DAT1) 30 polymor-

phism and chronic PTSD [Segman et al.,

2002].

The five remaining studies explored

genetic polymorphisms across alter-

native neurobiological pathways, with

the majority of studies reporting no

association between specific genes and

chronic PTSD. One investigation found

no association between polymorphisms

in the brain derived neurotrophic

factor (BDNF) gene and chronic PTSD

[Zhang et al., 2006]. Similarly, no signi-

ficant association was found between

chronic PTSD and either the Leu7Pro

polymorphism in the neuropeptide

Y (NPY) gene [Lappalainen et al.,

2002] or two glucocorticoid receptor

polymorphisms (N363S and BclI)

[Bachmann et al., 2005].

Investigations of the serotonergic

system have proven slightly more fruitful.

One investigation examined an insertion/

deletion polymorphism in the promoter

region of the serotonin transporter

(SLC6A4, locus 5-HTTLPR), reporting

an excess of s/s genotypes in Korean

PTSD patients compared with normal

controls [Lee et al., 2005]. Kilpatrick et al.

[2007] also documented a significant

association between the 5-HTTLPR

genotype and PTSD in a sample of

hurricane-exposed adults (see Fig. 1).

However, 5-HTTLPR genotype was

only associated with increased risk of

PTSD among adults with high stress

exposure. This is the first report of a

significant genotype-environment inter-

action in PTSD.

Another promising approach to

identification of candidate genes is

investigation of the association between

genetic polymorphisms and a range of

phenotypes evidenced by individuals

diagnosed with PTSD. For example,

Koenen et al. [2005b] have found that

polymorphisms in FKBP5 are associated

with peritraumatic dissociation pediatric

injury patients. Lawford et al. [2006]

reported that the DRD2 A1 allele

was associated to comorbidity in male

veterans with PTSD. Given evidence

supporting both an association between

APOE and cognitive disturbances

[Gallagher-Thompson et al., 2001]

and PTSD and neurocognitive deficits

[Gilbertson et al., 2006], Freeman et al.

[2005] reported that patients with the

APOE allele reported increased symp-

toms of re-experiencing and demon-

strated poorer performance on facets of

memory function relative to patients

without the APOE allele.

Unfortunately, as the hypothesis-

driven candidate gene association ap-

proach is reliant on extant literature

regarding the biological endophenotype

of PTSD, candidate gene association

strategies are significantly limited by

the relative paucity of information

regarding the biological underpinnings

of PTSD. Further, the majority of

published investigations have been con-

ducted cross-sectionally, with limited to

no efforts to address duration of time

since trauma (which may be associated

with remission or change in symptoms),

age at first trauma exposure (which may

be associated with differences in endo-

phenotype), or repeated traumatic

exposure. Finally, stratification effects

have rarely been considered in candidate

gene association investigations of PTSD

[for an exception see Lappalainen et al.,

2002].

CONCLUSIONS

In sum, converging evidence from

diverse research designs supports a role

for genetic influences in the etiology of

PTSD. Family studies have laid the

foreground for research in this area,

indicating increased risk for PTSD in

relatives. Twin studies further support

the heritability of PTSD, yielding three

main findings related to the genetic

influences on: the likelihood of exposure

to PTEs, the development of PTSD, and

the existence of comorbidity. Although

these studies support a role for genetics,

little information is provided regarding

the specific genetic underpinnings.

Partially filling this void are candidate

gene studies, which attempt to identify

specific genes related to the etiology of

Figure 1. Prevalence of post-hurricane PTSD by SLC6A4 genotype, level of social
support, and level of hurricane exposure in adults exposed to 2004 Florida Hurricanes.
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PTSD. The few candidate gene studies

completed to date, though limited by

small samples, point to potential roles

for genetic influences in the DA and

serotonergic systems, though evidence

for genotype–environment interactions

and for possibly distinct influences for

comorbid disorders highlight both the

complexityof candidate gene studies and

the importance of further study using

this methodology. Finally, as the afore-

mentioned limitations of candidate gene

investigations may be intensified in

small samples, it will be important for

future investigations to replicate pub-

lished findings.

PTSD is unique among the psychi-

atric disorders in that a diagnostic pre-

requisite is exposure to a PTE, by

definition necessitating an environmental

influence on the development of PTSD.

However, only one published study has

examined whether the role of genotype-

environment interaction in the etiology

of PTSD [Kilpatrick et al., 2007].

Future genetic research in PTSD should

carefully consider factors related to

trauma exposure that may modify

genetic effects. Factors such as the type

of traumatic event, perceived life threat

during the trauma, post-trauma social

support, peritraumatic dissociation, peri-

traumatic emotional responses, additional

life stress, time-lapsed since trauma expo-

sure, prior trauma exposure are parti-

cularly important [Brewin et al., 2000;

Ozer et al., 2003].

In short, research in the genetics of

PTSD is in its infancy and the areas

of possible contribution are immense.

Furthermore, the potential impact of

genetically informed studies of trauma

is substantial. Interested readers are point-

ed to more detailed recommendations for

genetic research in PTSD [Segman and

Shalev, 2003; Koenen, 2007], and for

gene–environment interaction in PTSD

[Koenen et al., in press].
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