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Context: The 5-HTTLPR polymorphism in the promoter
region of the serotonin transporter gene (SLC6A4) has been
found to moderate several categories of emotional re-
sponse after stressful life events. Previous studies gener-
ally focused on its effect on depressive symptoms; little is
known about its moderation of the development of post-
traumatic stress disorder (PTSD).

Objective: To examine the effects of childhood adver-
sity, adult traumatic events, 5-HTTLPR genotypes, and
gene X environment interactions on the etiology of PTSD.

Design: A cross-sectional study in which participants in
several studies investigating the genetics of substance de-
pendence were also screened for lifetime PTSD. The trial-
lelic system of 5-HTTLPR was genotyped. Logistic regres-
sion modeling was used in the analyses.

Setting: General community.

Participants: Five hundred eighty-two European Ameri-
can and 670 African American individuals who reported
experiences of childhood adversity, adult traumatic events,
or both.

Main Outcome Measure: Diagnosis of PTSD, de-

fined by DSM-IV diagnostic criteria and assessed through
the Semi-Structured Assessment for Drug Dependence
and Alcoholism interview.

Resuvlts: Childhood adversity and adult traumatic events
both predicted PTSD. Although the 5-HTTLPR genotype
alone did not predict the onset of PTSD, it interacted with
adult traumatic events and childhood adversity to in-
crease the risk for PTSD, especially for those with high rates
of both types of trauma exposure (European American:
odds ratio [OR], 2.86; 95% confidence interval [CI], 1.50-
5.45; P=.002; African American: OR, 1.88;95% CI, 1.04-
3.40; P=.04; pooled: OR, 2.31;95% CI, 1.50-3.56; P<<.001).

Conclusions: Participants who had both childhood ad-
versity and adult traumatic events were more likely to de-
velop lifetime PTSD compared with those who experi-
enced either type of adverse event. The risk was increased
in individuals with 1 or 2 copies of the S’ (S) allele com-
pared with the L’ (L) homozygotes. Our study provides
additional direct evidence that PTSD is influenced by the
interactive effect of environmental and genetic factors.
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OSTTRAUMATIC STRESS DISOR-

der (PTSD) is a complex and

multifactorial anxiety disor-

der. According to the DSM-

IV, it requires the presence of
symptoms from each of 3 clusters, reex-
periencing, avoidance, and increased
arousal, that occur following exposure to
a life-threatening traumatic event. While
40% to 70% of the US population have ex-
perienced high-level traumatic events,'”?
the lifetime prevalence for PTSD is 8% in
adult Americans based on community epi-
demiological studies (DSM-IV). Several risk
factors, including those that characterize
the traumatic exposure as well as those that
characterize traits of the individual, have
been identified for PTSD. Among the
former, traumatic events that involve the

infliction of harm by others (eg, rape,
physical assault, military combat) carry
higher risks for PTSD than other traumas
(eg, natural disasters).” Female sex, pre-
existing psychiatric disorders, and pre-
morbid personality characteristics such as
neuroticism have also been shown to in-
crease risk for PTSD.*’

Childhood adversity, including sexual
and physical abuse, neglect, and other trau-
mas, has received considerable attention
from researchers in the studies of the eti-
ology of PTSD. Neurobiological conse-
quences of early life stress can be severe in
that they cause enduring changes in brain
structure and function.® These physical
changes could influence the response to
adult traumas, triggering a cascade of bio-
logical events that may ultimately lead to the
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occurrence of mental disorders. Meanwhile, childhood ad-
versity is associated with an increased risk for behavior prob-
lems,” which, in turn, expose the person more to trau-
matic events. Numerous studies have shown that childhood
adversity is associated with a range of mental disorders, such
as major depression,® antisocial disorder, substance use dis-
order,”and PTSD."® Although most studies of early life stress
and mental disorders have focused on childhood abuse or
neglect, other traumatic events, such as involvement in a
serious accident or witnessing events causing death or se-
rious injury, also constitute an important part of a broad
view of early life stress.

In addition to the obvious effect of environmental fac-
tors, PTSD has a heritable component. A twin study based
on the Vietnam War veteran sample indicated that ge-
netic factors account for approximately 30% of the vari-
ance in PTSD symptoms.'" A more recent study outside
the context of military trauma showed similar findings.'
Although the idea that PTSD is affected by both environ-
mental and genetic factors has been widely accepted, there
have been relatively few molecular genetic studies of PTSD.
Association studies have identified a small number of pos-
sible susceptibility genes, but the results are inconsis-
tent.”® The difficulty in identifying PTSD-related genes may
be due to their low to moderate effect sizes, with conse-
quent insufficient statistical power of many studies, and
other methodological shortcomings.'*

Study of gene X environment effects on mental disor-
ders has been of great interest recently. This approach is
especially promising for investigating the etiology of PTSD,
which requires exposure to a traumatic event and has a
genetic component. The serotonin transporter gene
(SLC6A4) has been shown to moderate several categories
of emotional response. In the brain, the serotonin trans-
porter is involved in the rapid reuptake of serotonin fol-
lowing neuronal stimulation; it is thus a key regulator of
serotonergic neurotransmission. A common polymor-
phism (5-HTTLPR) in the promoter region of SLC6A4 was
found to regulate gene expression. In vitro studies of
SLC6A4 expression in human lymphoblastoid cells and pla-
cental choriocarcinoma cell lines consistently showed that
the long variant of the polymorphism (L) (16 repeats) pro-
duced 2- to 3-fold higher levels of messenger RNA than
that of the short variant (14 repeats), resulting in reduced
serotonin reuptake.’>!® In vivo studies of messenger RNA
level in human postmortem tissue sections, however,
yielded inconsistent results.'”'® One possible explanation
for this inconsistency between in vitro and in vivo studies
is that under normal physiological conditions, the expres-
sion level of SLC6A4 may be regulated by many other fac-
tors. However, when stressful life events occur, which in-
creases the serotonin release at targeted brain regions,"
the S allele may be less efficient than the L allele at up-
regulating the expression level of the serotonin trans-
porter and keeping the extracellular serotonin at a nor-
mal level. Studies of humans and rhesus macaques showed
that the presence of the S allele interacts with environ-
mental factors to produce effects on behavior and mea-
sures of central nervous system function.?** Although the
most common alleles at 5-HTTLPR in most populations
have either 14 or 16 repeated elements, other alleles, gen-
erally with more repeated elements (18 or 20 repeats), oc-

casionally occur.” However, transcriptional efficiencies of
these rare 5-HTTLPR alleles are unknown. More recently,
an A/G single-nucleotide polymorphism (SNP) (rs25531)
in the repeats region was found to be functional; rs25531
is mostly found in the L variant, further dividing it into L,
and L¢.** L; and S alleles have equivalent expression lev-
els, which are about half of that of the L, allele; L; and S
are thus reclassified as S’ and L, as L’ Although PTSD,
like depression, can be considered to reflect a maladap-
tive response to stressful events, few studies have exam-
ined the possible role of 5-HTTLPR in moderating the in-
fluence of traumatic events on PTSD risk.

In the present study, gene X environment interaction
was examined to explore its effect on the development of
PTSD. We recruited a large number of patients in the course
of studies investigating the genetics of drug and alcohol
dependence, disorders that are associated (perhaps caus-
ally) with high rates of PTSD,***” and administered the
Semi-Structured Assessment for Drug Dependence and Al-
coholism (SSADDA), a comprehensive polydiagnostic in-
strument that includes assessment of PTSD.?®* The
SSADDA covers a wide range of traumatic events and con-
tains additional items related to childhood adversity. Using
these environmental data and the triallelic system (L,/
L¢/S) for 5-HTTLPR, individual and interactive effects of
genetic and environmental factors were investigated.

o EEETEES

SAMPLE COLLECTION AND
DEMOGRAPHIC INFORMATION

Samples in this study were a subgroup of 1793 European Ameri-
can and African American individuals who participated in link-
age studies focused on the genetics of substance dependence (and
were recruited as members of families, each of which included
at minimum an affected sibling pair for cocaine or opioid
dependence),***! as well as more recently recruited subjects, sub-
stance dependence cases and unaffected controls, related and un-
related, all of whom were recruited and ascertained with similar
methods. The participants were recruited at 4 sites: Yale Uni-
versity School of Medicine, University of Connecticut Health Cen-
ter, Medical University of South Carolina, and McLean Hospital
of Harvard Medical School. Written informed consent was ob-
tained from all participants. The institutional review board at each
of the participating sites approved the study protocol. All sub-
jects were interviewed using the SSADDA, which provides di-
agnostic criteria for a variety of psychiatric and substance use
disorders, as well as information on childhood environment.>>*
Since the purpose of the present study was to explore the factors
affecting the risk for PTSD when individuals face traumatic events,
510 people who reported never having experienced childhood
adverse events or adult traumatic events were excluded. In ad-
dition, 31 individuals with rare 5>-HTTLPR alleles were excluded
from the study, leaving 1252 informative subjects.

The mean (SD) age of the 1252 participants (52% male) was
38.9 (11.0) years, ranging from 17 to 79 years. To derive an-
cestry information from each individual, a panel of 41 ancestry-
informative markers was genotyped, including FY and 36 short
tandem repeats markers described in our previous studies,***
and augmented by 4 highly ancestry-informative SNPs,
rs1540771 (6p23.5), rs1805007 (MCIR), rs12896399
(SLC24A4), and rs1426654 (SLC24A5), which are all associ-
ated with hair, eye, and/or skin pigmentation.***” These ancestry-
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informative markers were analyzed by a Bayesian cluster model
using STRUCTURE software.”®** We used admixture and al-
lele frequencies—correlated models and 500 000 Markov chain
Monte Carlo repeats after 500 000 burn-in repetitions.

DIAGNOSIS OF PTSD AND
ADULT TRAUMATIC EVENTS INDEX

Sample collection and diagnostic interviews were performed
by trained interviewers. Interviewing methods and the diag-
nostic reliability of the SSADDA, including the PTSD section
(which showed interrater reliability and test-retest reliability
[k] of 0.59 and 0.76, respectively), have been described pre-
viously.*** In the SSADDA PTSD section, 12 separate types of
traumatic events are assessed. These events are experienced di-
rect combat in a war; seriously physically attacked or as-
saulted; physically abused as a child; seriously neglected as a
child; raped; sexually molested or assaulted; threatened with a
weapon; held captive or kidnapped; witnessed someone being
badly injured or killed; involved in a flood, fire, or other natu-
ral disaster; involved in a life-threatening accident; suffered a
great shock because one of these events happened to someone
close to you; and other. Participants were asked to list up to 3
traumatic events and their age when these events happened.
Those reporting traumatic experiences were then interviewed
for potential PTSD symptoms. After all of the data were scored,
a PTSD diagnosis was generated based on DSM-IV criteria re-
quiring symptoms from each of 3 clusters, reexperiencing, avoid-
ance, and increased arousal, that occur following the events.

CHILDHOOD ADVERSITY INDEX

Although childhood physical abuse and neglect are ascertained
in the PTSD section of the SSADDA, we used the Environment
section as the main instrument to assess participants’ childhood
experiences. All of the participants were asked whether they had
witnessed or experienced a violent crime or been sexually abused,
physically abused, or neglected by age 13 years. Since neglect is
more subjective than the other childhood adversities, partici-
pants were asked 3 questions to assess it: “whether the person
you were closest to was usually available to you when you needed
him or her,” “whether you felt you could confide in this person
when necessary,” and “whether this person was aware of who
your friends were.” Respondents who answered “no” to any of
the 3 questions were considered to have been neglected.

GENOTYPING

DNA was extracted from whole blood or immortalized cell lines.
Polymerase chain reaction amplification was used to differen-
tiate the short allele from the long allele of the 5-HTTLPR poly-
morphism. Polymerase chain reaction conditions are de-
scribed in detail elsewhere.”® To genotype the additional SNP
(rs25531), the polymerase chain reaction product was di-
gested by Mspl and size-fractionated on agarose gel."!
Detailed genotyping methods and characteristics for 37 of
the 41 ancestry-informative markers were described previ-
ously.** The remaining 4 SNPs were genotyped by the Tag-
Man technique using the ABI PRISM 7900 Sequence Detec-
tion System (Applied Biosystems Inc, Foster City, California).

STATISTICAL ANALYSIS

Based on the levels of transcriptional efficiency, the triallelic geno-
types were reclassified: Ly/L, was reclassified as L'L’; Ly/S and L,/L¢
were reclassified as L'S’; and Ls/Lg, L/S, and S/S were reclassified
as S'S’. We used logistic regression models to examine the asso-
ciation between the PTSD diagnosis and the potential explana-

Table 1. Prevalence of PTSD by Sex and Population

Characteristics PTSD, No. (%) X7 P Value
Sex 12.3 <.001
M (n=656) 96 (14.6)
F (n=596) 133 (22.3)
Population 1.3 .26
EA (n=582) 114 (19.6)
AA (n=670) 115 (17.1)

Abbreviations: AA, African American; EA, European American; PTSD,
posttraumatic stress disorder.

tory variables. In the first model, the effects of 5-HTTLPR geno-
type (coded as 0 for L'L’, 1 for L'S’, and 2 for S'S"), childhood
adversity (coded as 0 for none, 1 for exposure), adult traumatic
events (coded as 0 for none, 1 for exposure), gene X childhood
adversity, and gene X adult traumatic events were explored. In
the second model, we focused on the participants who experi-
enced both childhood and adulthood traumas. Exposure to dual
stressful event types (both childhood and adulthood) was coded
as 1, and exposure to either type of stressful events was coded as
0. The interactive effect of gene X stressful events was calculated.
After that, in the third model, we analyzed the dual stressful events
linearly: exposure to adulthood trauma and 1 type of childhood
adversity was coded as 1, adulthood trauma and 2 types of child-
hood adversity was coded as 2, adulthood trauma and 3 or more
types of childhood adversity was coded as 3, and exposure to either
type of stressful events was coded as 0. In the first 2 models, we
first analyzed each population, European American individuals
and African American individuals, separately, using sex and age
as covariates. Then we combined the data across the 2 popula-
tions using sex, age, and ancestry proportion scores as covari-
ates. In the third model, since the group of dual stressful events
was already small, dividing it into 3 groups further decreased the
sample size. To increase the statistical power, only analyses with
combined data (sex, age, and ancestry proportion scores were used
as covariates) were performed. In addition, generalized estimat-
ing equations (GEE)* were applied to fit the logistic regression
model to take into account the potential dependence of the data
from individuals within the same nuclear family. An exchange-
able correlation structure was used in this logistic GEE regres-
sionmodel. Since many previous 5-HTTLPR X stressful events stud-
ies did not include rs25531, analyses using the diallelic L-S
classification were also performed. Comparisons between groups
of categorical variables were made using x* tests. All analyses were
performed by SAS 9.1 (SAS Inc, Cary, North Carolina).

BN RESULTS Ry

DEMOGRAPHICS

Approximately one-fifth of the 1252 participants (n=229;
18.3%) who experienced childhood adverse events and/or
adult traumatic events met the criteria for lifetime PTSD.
The mean (SD) age of participants developing PTSD was
39.3 (9.6) years, which was similar to those without a di-
agnosis of PTSD (mean [SD], 38.9 [11.3] years). Table 1
presents information on the prevalence of PTSD by sex and
population. Among women, 22.3% received a lifetime di-
agnosis of PTSD, which was significantly higher than for
male participants (14.6%) (xi=12.3; P<<.001). The rate
of PTSD among European American individuals (19.6%)
and African American individuals (17.1%) was statisti-
cally indistinguishable (x{=1.3; P=.26). In addition, many
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Table 2. Results of Logistic Regression Analyses?

EA AA Pooled

! OR (95% ClI) P ValueI ! OR (95% ClI) P ValueI I OR (95% CI) P ValueI
Sex 0.53 (0.34-0.83) .005° 0.63 (0.42-0.96) .03¢ 0.58 (0.43-0.79) <.0014d
Age, y 1.01 (0.99-1.02) .58 1.02 (1.00-1.04) .08 1.01 (1.00-1.02) .09
Ancestry proportion score 1.12 (0.81-1.55) .50
Adult traumatic events 4.09 (2.31-7.26) <.001d 3.22 (1.90-5.45) <.001d 3.57 (2.43-5.25) <.001d
Childhood adversity 5.70 (2.89-11.26) <.001d 3.44 (1.98-5.97) <.0014d 4.30 (2.81-6.60) <.0014d
5-HTTLPR genotype 1.24 (0.91-1.69) a7 1.22 (0.91-1.63) 18 1.22 (0.99-1.51) .07
5-HTTLPR X adult traumatic events 2.60 (1.19-5.66) .02¢ 2.06 (1.02-4.14) .04¢ 1.93 (1.17-3.17) .01¢
5-HTTLPR X childhood adversity 3.29 (1.17-9.22) .02¢ 1.71 (0.81-3.61) .16 1.81 (1.01-3.24) .046¢
5-HTTLPR x dual stressful events 2.86 (1.50-5.45) .002° 1.88 (1.04-3.40) .04¢ 2.31 (1.50-3.56) <.0014d

Abbreviations: AA, African American; Cl, confidence interval; EA, European American; OR, odds ratio.
aSex, age, adult traumatic events, and childhood adversity were used as covariates in all the models. In addition, ancestry proportion scores were included in

the pooled model.
bp< 01.
Cp<.05.
dp<.001.
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Figure 1. The number of childhood adversity types is associated with the
onset of posttraumatic stress disorder (PTSD).

psychiatric disorders were observed to be comorbid with
PTSD (eTable, http://www.archgenpsychiatry.com).

EFFECT OF ADULT TRAUMATIC EVENTS
ON RISK OF PTSD

Eight hundred eighty of the 1252 participants (70.3%) re-
ported that they had experienced 1 or more traumatic events
asadults. Among them, 21.5% (n=189) met criteria for life-
time PTSD. In contrast, only 10.7% of the participants who
never experienced adult traumatic events developed PTSD.
Using a logistic GEE regression model, after adjusting for
age, sex, ancestry proportion score, 5-HTTLPR genotype,
and childhood adversity, adult traumatic events were sig-
nificantly associated with an increased risk for PTSD (OR,
3.57,95% CI, 2.43-5.25; P<.001) (Table 2).

EFFECT OF CHILDHOOD ADVERSITY
ON RISK OF PTSD

Four types of childhood adversities, namely witnessing or
experiencinga violent crime, sexual abuse, physical abuse,
or neglect, were assessed in this study. Most of the partici-
pants (n=924; 73.8%) experienced at least 1 type of child-

hood adversity. Among them, 64.4% (n=595) experienced
1 type of adverse event; 23.8% (n=220) experienced 2 types;
and 11.8% (n=109) experienced 3 or 4 types of childhood
adversities. The percentage of participants with a lifetime
diagnosis of PTSD increased from 8.8% in individuals with
no childhood adversity to 15.4% in those with 1 type, 28.6%
in those with 2 types, and 40.5% in those with 3 or 4 types
of childhood adversity (Figure 1). Using the same logis-
tic GEE regression model described previously, a significant
effect of childhood adversity on PTSD development was ob-
served (OR, 4.30; 95% CI, 2.81-6.60; P<<.001) (Table 2).

EFFECT OF 5-HTTLPR GENOTYPES
ON RISK OF PTSD

In European American individuals, the frequency of the long
allele was 56.3% and the short allele, 43.7%. The geno-
type distribution was 31.1% LL, 50.3% LS, and 18.6% SS.
The minor allele frequency of rs25531 was 7.1%. After re-
classification, the genotype frequencies were 23.5% L’L’,
51.2% L’S’, and 25.3% S’S’. In African American individu-
als, the frequencies for the long and short alleles were 77.8%
and 22.2%, respectively, and the genotype distribution was
61.0% LL, 33.6% LS, and 5.4% SS. The minor allele fre-
quency of 1s25531 was 22.5%. After reclassification, the
genotype distribution was 32.2% L'L’,46.1% L’S’, and 21.6%
§’S’. The allele frequencies of the 5-HTTLPR polymor-
phism were consistent with previous studies,****** and all
were in Hardy-Weinberg equilibrium.

After adjusting for age, sex, childhood adversity, and
adult traumatic events, logistic GEE regression analysis
showed no significant association between 5-HTTLPR geno-
type and PTSD diagnosis in either European American or
African American individuals (European American: OR,
1.24;95% CI,0.91-1.69; P=.17; African American: OR, 1.22;
95% CI, 0.91-1.63; P=.18); the association in the com-
bined sample, in which ancestry proportion score was en-
tered as a covariate, was not statistically significant (OR,
1.22;95% CI, 0.99-1.51; P=.07). The use of diallelic geno-
types, which include only the L and S alleles of the
5-HTTLPR polymorphism, in the logistic regression analy-
sis also showed that 5-HTTLPR genotypes were not asso-

(REPRINTED) ARCH GEN PSYCHIATRY/VOL 66 (NO. 11), NOV 2009
1204

WWW.ARCHGENPSYCHIATRY.COM

Downloaded from www.archgenpsychiatry.com at University of Wisconsin -Madison, on November 4, 2009
©2009 American Medical Association. All rights reserved.


http://www.archgenpsychiatry.com

European American
30+
A (27 0f103)
W (54 of 219)
20
ES @ (15 of 90)
a
%
a- (60f47) @
(90f79) m
10
(3 of 44)
0 T T
No Adult Adult
Traumatic Traumatic
Events Events
European American
30+
A (280f105)
B (58 of 227)
20
3
= ® (17 0f 107)
2
L (4 0f30) @
10
(50f71) m
(20f42) &
0 T T
Childhood Childhood
Adversity Adversity

African American
304
A (250f101)
20 W (44 0f 217)
i, ® (2401 150)
=
[%2]
a (801 66) g
10 (11092)
(3 of 44) ASS
mLS
[ NN
0 T T
No Adult Adult
Traumatic Traumatic
Events Events
African American
304
A (24 0f 99)
20 W (48 0f 233)
= ® (250f153)
o
=
w
(a8
0 (70f63) ®
1 oi7e)
(4 of 46)
0 T T
Childhood Childhood
Adversity Adversity

Figure 2. In European American and African American individuals, 5-HTTLPR genotype interacted with adult traumatic events (A and B) to increase risk for
posttraumatic stress disorder (PTSD). In European American individuals, the genotype also interacted with childhood adversity (C); in African American
individuals, the interactive effect was a trend (D). The numbers of patients with PTSD of the total numbers of participants in the group are shown.

ciated with PTSD (OR, 0.95; 95% CI, 0.67-1.35; P=.77).
In addition, none of the psychiatric disorders that were
found to be comorbid with PTSD were associated with 5-HT-
TLPR genotypes (eTable).

5-HTTLPR GENOTYPES INTERACTED
WITH CHILDHOOD ADVERSITY AND
ADULT TRAUMATIC EVENTS TO INCREASE
RISK FOR DEVELOPING PTSD

We first tested two 2-way interactions, genotype X adult
traumatic events and genotype X childhood adversity, as
predictors in the model. After adjusting for all the main
effects, including age, sex, genotype, childhood adver-
sity, and adult traumatic events, the genotype X adult trau-
matic events interaction was significantly associated with
risk for PTSD in both European American and African
American individuals separately (European American: OR,
2.60; 95% CI, 1.19-5.66; P=.02; African American: OR,
2.06;95% CI, 1.02-4.14; P=.04) (Figure 2A and B), with
the combination of the 2 populations providing stronger

evidence of association (OR, 1.93; 95% CI, 1.17-3.17;
P=.01). The genotype X childhood adversity interaction
was found to be significantly associated with risk for PTSD
in European American individuals, but not in African
American individuals (European American: OR, 3.29;95%
CI, 1.17-9.22; P=.02; African American: OR, 1.71; 95%
CI, 0.81-3.61; P=.16) (Figure 2C and D). When all the
participants were combined together, the interactive effect
of genotype X childhood adversity was significant (OR, 1.81;
95% CI, 1.01-3.24; P=.046).

Because in our study the participants reported experi-
encing at least 1 type of trauma, and many of them expe-
rienced both childhood adversity and adult traumatic
events, we then investigated how the high rates of both
types of trauma exposure interacted with 5-HTTLPR to in-
fluence risk for PTSD. Five hundred fifty-two of the 1252
participants (44.1%) experienced both childhood adver-
sity and adult traumatic events. Among this group, 29.0%
(n=160) received a lifetime diagnosis of PTSD. In con-
trast, only 9.9% of participants who experienced either (but
not both) childhood adversity or adult traumatic events
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Figure 4. 5-HTTLPR genotype interacted with the number of stressful life
events to increase the risk for posttraumatic stress disorder (PTSD) (group
1: exposure to either adult trauma or childhood adversity; group 2: exposure
to adult trauma and 1 type of childhood adversity; group 3: exposure to adult
trauma and 2 types of childhood adversity; and group 4: exposure to adult
trauma and more than 2 types of childhood adversity).

developed PTSD. Moreover, among European American
participants who experienced both stressful events, 41.0%
with the §'S” genotype developed PTSD, compared with
33.1% in the L'S’ genotype group and only 18.3% in the
L’L’ genotype group. In African American participants,
38.2% of individuals with the S'S’ genotype, 26.2% with the
'S’ genotype, and 19.5% with the 'L’ genotype were di-
agnosed with PTSD (Figure 3). If we used the dual stress-
ful events as a predictor, and computed the second logistic
regression model described in the “Methods” section, af-
ter adjusting for all the main effects, the genotype X dual
stressful events interaction was significantly associated with
risk for PTSD in both European American and African
American individuals (European American: OR, 2.86; 95%
CI, 1.50-5.45; P=.002; African American: OR, 1.88; 95%
CI, 1.04-3.40; P=.04), with the combination of the 2 popu-
lations providing stronger evidence of association (OR, 2.31;

Figure 3. 5-HTTLPR genotype interacted with dual stressful life events to increase the risk for posttraumatic stress disorder (PTSD) in both European American
and African American individuals. The numbers of patients with PTSD of the total numbers of participants in the group are shown.

95% CI, 1.50-3.56; P<<.001) (Table 2). If the L-S diallelic
classification of the 5-HTTLPR genotype was used, the re-
sults of the genotype X dual stressful events interaction were
comparable with those obtained using the triallelic clasi-
fication (European American: OR, 2.37; 95% CI, 1.19-
4.72; P=.01; African American: OR, 2.97; 95% CI, 1.43-
6.17; P=.003; pooled: OR, 2.64; 95% CI, 1.63-4.27,;
P<.001). In addition, this interactive effect was observed
in both male and female participants (triallelic genotypes:
male: OR, 2.38;95% CI, 1.20-4.72; P=.01; female: OR, 2.31;
95% CI, 1.31-4.09; P=.004; diallelic genotypes: male: OR,
1.99;95% (I, 1.01-3.92; P=.04; female: OR, 3.38;95% CI,
1.72-6.64; P<.001).

Because the number of childhood adversity types was
associated with the risk of PTSD, we then modeled the
dual stressful events linearly, as was described in the
“Methods” section. The interaction further suggested that
the effect of life events on the onset of PTSD was stron-
ger among individuals with an S’ (S) allele than among
those without (triallelic genotypes: OR, 1.41; 95% CI,
1.20-1.66; P <.001; diallelic genotypes: OR, 1.60; 95%
CI, 1.32-1.94; P<.001) (Figure 4).

DISTRIBUTION OF CHILDHOOD ADVERSITY
AND ADULT TRAUMATIC EVENTS
BY GENOTYPE GROUPS

As mentioned previously, different traumas influence
people differently. Certain life-threatening events may
carry higher risk for developing PTSD than others. To
exclude the possibility that trauma type was a confound-
ing factor in our study, we examined the distribution of
childhood adversity and adult traumatic events across the
genotype groups. For childhood adversity, the distribu-
tion of events did not differ significantly among the 3 geno-
type groups (Table 3). Based on the characteristics of
the trauma types, and previous studies showing that events
involving the element of interpersonal assault are asso-
ciated with a higher rate of PTSD than events without
the element,*'> we grouped the 10 types of adulthood ad-
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Table 3. Distribution of Childhood Adversity and Adult Traumatic Events by Genotype Groups
%
I ]
rre Lrs S'S P Value
Childhood adversity
Neglect 50.4 50.0 515 .78
Witnessing or experiencing a violent crime 41.5 422 40.7 91
Sexual abuse 29.6 35.9 31.9 .26
Physical abuse 28.5 24.6 28.9 .36
Adult traumatic events
Sexual harassment 21.7 20.0 17.6 .57
Physical attack 429 46.1 45.6 72
Accidents 70.8 69.5 701 .94

verse events into 3 broad groups, namely, sexual trauma
(rape or molestation), physical trauma (physical attack,
threatened with a weapon, held captive, or kidnapped),
and other trauma (witness, natural disaster, accident,
shock, or other qualifying trauma). The distribution of
this measure also did not differ significantly among the
3 genotype groups (Table 3).

B covent [

In this study, we examined the effects of childhood ad-
versity, adult traumatic events, the 5-HTTLPR polymor-
phism, and their interactions on the risk of receiving a
lifetime diagnosis of PTSD. We found that both child-
hood adversity and adult traumatic events predicted PTSD.
Although the 5-HTTLPR polymorphism alone did not pre-
dict the onset of PTSD, it regulated risk for PTSD in people
who experienced childhood adversity and/or adult trau-
matic events, especially in those who experienced both
types of stressful life events, with comparable findings
in both European American and African American indi-
viduals. We initially based the hypothesis on evidence
from prior studies that SLC6A4 was associated with emo-
tional responses, especially the response to a stressful life
event. Indeed, our previous work showed that this lo-
cus influenced risk for PTSD-related symptoms in a sample
of subjects exposed to a hurricane.®

Although the role of serotonergic function in the patho-
physiology of PTSD is still unclear, it is believed to regu-
late a wide array of stress-related processes: anxiety, arousal,
depression, aggression, and impulsivity, which are all com-
mon symptoms of PTSD. Since the serotonin transporter
regulates serotonergic neurotransmission, and is the pri-
mary target of efficacious antidepressants such as selec-
tive serotonin reuptake inhibitors, SLC6A4 has received
particular attention in research on mood and anxiety
disorders. Compared with the L’ allele, the S allele of the
5-HTTLPR polymorphism was found to reduce SLC6A4
expression and function, resulting in decreased seroto-
nin reuptake. Previous studies have shown that presence
of the short allele was associated with anxiety-related per-
sonality traits' and increased amygdala neuronal activity
under fearful stimuli** and may influence selective sero-
tonin reuptake inhibitor response rate among European
American patients.*! Studies of gene X environment inter-
actions have also provided evidence for a functional link

among serotonin, psychosocial stressors, and risk of de-
pression?'*** and an intermediate phenotype of anxi-
ety,” although some other studies failed to replicate these
findings.**

Our study provides additional evidence that genetic
and environmental factors interact to play a role in psy-
chiatric disorders. Exposure to trauma earlier in life in-
creases risk for PTSD on exposure to subsequent trauma.*
Our study suggests that this risk is heightened among
individuals with 1 or 2 copies of the 5-HTTLPR S’ (S) al-
lele. Interestingly, because of the design of our study
(people who reported never experiencing traumas were
not included), we were unable to ascertain an effect of
5-HTTLPR genotype on risk for PTSD among persons with
either (but not both) childhood maltreatment or adult
trauma. It was only in the group of subjects who could
be characterized as having had the highest rates of trauma
exposure (ie, in both childhood and adulthood) that an
impact of 5-HTTLPR could be detected. This suggests that
there may be many neurobiological (including geneti-
cally determined) “buffers” to PTSD; only in instances
of extreme and/or repeated trauma exposure (which, it
should be pointed out, characterizes those trauma “types”
with the highest conditional risk for PTSD, eg, domestic
violence and military combat), in which these buffers are
overwhelmed, can the impact of specific genes such as
5-HTTLPR be detected. To our knowledge, this is the first
study to examine the diagnosis of PTSD as an outcome
of a gene X environment interaction. Two previous stud-
ies have focused on gene X environment interaction ef-
fects on PTSD symptom severity.**° Kilpatrick and col-
leagues® were the first to provide evidence that the S’ allele
of the 5-HTTLPR polymorphism modulated the influ-
ence of hurricane exposure and social support on PTSD
symptoms. A limitation of that epidemiologic study is that
the number of affected subjects was small (n=19). Fur-
ther, it focused on 1 specific (and acute) trauma. This
decreased the heterogeneity of the trauma experience be-
tween patients, enhancing the internal validity of the study
but limiting its generalizability. The study by Binder and
colleagues™ showed that 4 SNPs in the FKBP5 gene in-
teracted with childhood abuse to increase the level of PTSD
symptoms. Two of the 4 SNPs in FKBP5 were previously
found to be associated with peritraumatic dissociation, a
well-established risk factor for PTSD, in medically in-
jured children.” Binder and colleagues used a PTSD symp-
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tom scale score as an outcome measure based on the as-
sumption that it could be used to make inferences about
the disorder. Although the score correlates with a diag-
nosis of PTSD, it remains uncertain as to the relevance
of the measured symptoms to the disorder.

In comparison with these previous studies, the current
study has several strengths that deserve mention. Instead
of using PTSD symptoms as an outcome, participants were
directly interviewed by trained interviewers, resulting in a
reliable PTSD diagnosis. Consistent with the necessity that
PTSD follows exposure to traumatic event(s), we studied
only people who reported having had 1 or more extreme
adverse experiences in their lives, which increased the sta-
tistical power. In addition, we examined a range of child-
hood adversity and adult traumatic events. These events
covered most (although certainly not all) trauma types
known to cause PTSD. For the 5-HTTLPR genotypes, we
performed analyses using genotypes based on the triallelic
reclassification to compare the results with those using the
genotypes from the L-S diallelic classification. They were
nearly identical. Therefore, this study provided a system-
atic and clear view of the gene X environment interaction
as it contributes to the risk of a PTSD diagnosis.

Different allele frequencies of 5-HTTLPR in European
American and African American individuals have been pre-
viously reported® and were observed in our study. A se-
ries of methods to exclude population stratification as a
potential confounder were used in this study. First, a
Bayesian clustering method was applied to analyze the
genotype data of 41 ancestry-informative markers, divid-
ing the participants into 2 subgroups. Second, statistical
analyses were performed separately within the 2 popula-
tion subgroups. The interaction of 5-HTTLPR by dual stress-
ful life events was observed to be significantly associated
with the PTSD diagnosis in both populations individu-
ally. Third, when analyzing the whole sample, ancestry pro-
portion score was used as a covariate in the logistic re-
gression model, although no significant association was
observed between PTSD and population. Therefore, the
different 5-HTTLPR allele frequencies between the 2 popu-
lations were not likely confounding our analyses.

However, interpretation of this study should consider
the following limitation. Retrospective recall of early ad-
verse experiences might be inaccurate or biased, includ-
ing the potential for there to be bias introduced by a sub-
sequent experience of PTSD. The interval, significance of
events, and personal characteristics could cause recall bias.
Especially since PTSD rarely occurs alone, an abnormal
mental state related to other disorders, such as substance
use disorder or major depression, may also cause recall
bias. Future gene X environment studies based on a co-
hort longitudinal design would address this potential bias
in recall of life events.
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