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Abstract
We reported that the 5-HTTLPR polymorphism in the promoter region of the serotonin transporter
gene (SLC6A4) moderates the effect of childhood adversity on posttraumatic stress disorder
(PTSD)risk (Xie and others 2009). In the present study, we considered 5178 subjects (a group with
generally high substance dependence comorbidity, as for our previous study) using similar
methodology to replicate our previous results.

We used logistic regression analyses to explore the interaction effect of 5-HTTLPR genotype and
childhood adversity on PTSD risk. We found that, as reported in our previous study, in individuals
with childhood adversity, the presence of one or two copies of the S allele of 5-HTTLPR increased
the risk to develop PTSD. This gene-environment interaction effect was present in European
Americans (EAs), but not in African Americans (AAs) (EAs, OR=1.49, 95% CI=1.07–2.08,
P=0.019; AAs, OR=0.90, 95% CI=0.60–1.35, P=0.62). The statistical power to detect this
interaction effect was increased when data were combined with those from our previous study
(Xie and others 2009).

The findings reported here replicate those from our previous work, adding to a growing body of
research demonstrating that the 5-HTTLPR genotype moderates risk for anxiety and depression
phenotypes in the context of stress and adverse events.
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Introduction
Posttraumatic stress disorder (PTSD) can occur after an individual experiences or witnesses
events involving actual or threatened death, serious injury, or sexual violation. However,
trauma exposure does not always result in PTSD. Epidemiologic surveys indicate that
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despite a large proportion of the US population having been exposed to traumatic events
during their lifetimes, the prevalence of PTSD is only about 6.8% (Kessler and others 2005).
A recent study observed that among the survivors who worked in the World Trade Center
towers at the time of the September 11, 2001 terrorist attack, only 15% had developed PTSD
two to three years after the event (DiGrande and others 2011). We still have limited
knowledge about the biological factors that contribute to inter-individual differences in
PTSD vulnerability. As for other complex traits, the identification of risk factors for PTSD
in people exposed to trauma is essential both to understand and treat the disorder.

Child abuse frequently produces serious long-term negative effects, and it increases risk for
PTSD (Brewin and others 2000; Paolucci and others 2001). Various types of childhood
trauma, including sexual abuse (Molnar and others 2001; Widom 1999), physical abuse
(Duncan and others 1996; Widom 1999), and other traumatic events (Ahmad and others
2000; Pynoos and others 1993)are linked to a higher risk to develop PTSD later in life. The
biological mechanisms that underlie PTSD are far from clear. Animal models and human
studies have shown that the long-term effects of childhood trauma may exert some of their
actions through epigenetic changes in genes involved in the hypothalamic-pituitary-adrenal
(HPA) axis (McGowan and others 2009; Weaver and others 2004). It has also been reported
that people with childhood trauma are more likely to develop problem behaviors, which in
turn may expose them more to traumatic events (Dodge and others 1990; Widom 1989).

In addition to the environmental factors, genetic components influence PTSD risk. Genetic
factors account for one third (or more) of the variance in risk of PTSD (Stein and others
2002; True and others 1993). However, there are no replicable findings of genes associated
to PTSD risk using either genetic association or linkage studies (Cornelis and others 2010).

An individual’s genetic background moderates his or her response to environmental risk
factors. In a landmark study, Caspi et al (Caspi and others 2003)analyzed a New Zealand
birth cohort, and the short allele (S) of a functional polymorphism (5-HTTLPR) in the
promoter region of the serotonin transporter gene (SLC6A4) was associated with higher risk
for depression in people with stressful life events and childhood maltreatment. 5-HTTLPR is
the most studied genetic variant in psychiatry. The serotonin transporter protein is located
presynaptically, where it mediates reuptake of serotonin from the synaptic cleft, terminating
the action of serotonergic neurotransmission. The L allele of 5-HTTLPR yields about twice
the amount of transporter protein as the S allele (Lesch and others 1996). In addition to
altering protein expression level, 5-HTTLPR genotype is also associated with variation in
brain structure (Pezawas and others 2005).

Since variation in 5-HTTLPR is related to other stress-related behaviors, we tested whether
this polymorphism influences PTSD risk for people with early life stress. Previously, we
found that in people with a history of childhood adversity, those with one or two copies of
the S allele of 5-HTTLPR had a higher risk to develop PTSD than individuals homozygous
for the L allele (Xie and others 2009). This gene-environment interaction effect was more
prominent in European Americans (EAs) than in African Americans (AAs).

Despite well-known inter-individual variation in trauma response, research on genetic
factors moderating childhood adversity effects on PTSD risk is a relatively new area of
investigation. So far, in addition to our previous study, only a few studies of the genetic
moderation of childhood adversity effects on PTSD risk have been published (Binder and
others 2008; Nelson and others 2009; Xie and others 2009; Xie and others 2010). Analyzing
a cohort of mostly AA subjects, Binder et al (Binder and others 2008)found that
polymorphisms in the FKBP5 gene, which encodes a protein regulating glucocorticoid
receptor function, interacted with child abuse to regulate PTSD risk. We replicated this
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gene-environment interaction effect in our sample, but only in AAs, not in EAs (Xie and
others 2010). The third gene in which variation was reported to moderate the effect of child
abuse on PTSD risk is GABRA2 (Nelson and others 2009).

As in our previous study, subjects recruited to participate in this study were initially
ascertained for genetic studies of cocaine, opioid and alcohol dependence. Because the
prevalence of PTSD in people with substance dependence is substantially higher than that in
general population (Pierucci-Lagha and others 2005), our ongoing recruitment has made it
possible to test the moderating effect of genetic variation on PTSD risk in a new cohort of
subjects.

The purposes of this study are, first to replicate our previous finding that 5-HTTLPR
genotype moderated the effect of childhood adversity on PTSD risk; and second, to test the
same G×E effect again by combining the data from our previous study (1252 subjects) with
those from the current study (5178 subjects) to gain greater statistical power to detect a
gene-environment interaction effect.

Subjects and Methods
Subjects

We recruited a total of 5178 subjects for genetic linkage and association studies of cocaine,
opioid, and alcohol dependence at three US sites: Yale University School of Medicine (2406
subjects), the University of Connecticut Health Center (2171 subjects), and the University of
Pennsylvania School of Medicine (601 subjects). All subjects were interviewed by trained
interviewers using the Semi-Structured Assessment for Drug Dependence and Alcoholism
(SSADDA), which yields DSM-IV diagnoses for a variety of psychiatric disorders,
including PTSD (Pierucci-Lagha and others 2007; Pierucci-Lagha and others 2005). None of
the subjects were included in our previous study. The recruitment procedures were nearly
identical to the prior study except that the previous sample was ascertained as small nuclear
families, and the present sample is composed mostly of unrelated subjects, with only 4.4%
of the subjects from small nuclear families. The institutional review board at each of the
participating sites approved the study protocol. After receiving a complete description of the
study, subjects gave written informed consent to participate and were paid for their
participation.

Diagnosis and childhood adversity index
To make a lifetime PTSD diagnosis, participants were interviewed concerning their
experience of traumatic events and PTSD symptoms. A diagnosis was made based on DSM-
IV criteria. The inter-rater and test-retest reliability [κ] of the PTSD diagnosis using the
SSADDA were 0.59 and 0.76, respectively (Pierucci-Lagha and others 2007; Pierucci-Lagha
and others 2005). The interview also elicited diagnostic criteria for depression and substance
use disorders. Major depressive disorder and substance dependence diagnoses were made
based on DSM-IV criteria.

For the assessment of childhood adversity, participants were asked whether, by age 13, they
had witnessed or experienced a violent crime, had been sexually abused, or had been
physically abused. Participants were asked 3 questions about the relationship with their main
caregivers up to age 13 to assess childhood neglect: “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 coded as
positive for exposure to childhood neglect.
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Genotyping and race information
DNA was extracted from immortalized cell lines or directly from blood or saliva. The
short(S) allele and the long (L) allele of 5-HTTLPR system were differentiated using
polymerase chain reaction (PCR) amplification followed by size fractionation via agarose
gel electrophoresis. The primers used for PCR were: 5′-
CCTAACCCCTAATGTCCCTACTG-3′ and 5′-GGACCGCAAGGTGGGCGGGAG-3′.
PCR was performed using PC2 buffer and Klentaq DNA polymerase, and cycling conditions
of 95/60/72° C for 30 cycles, 30 seconds at each setpoint.

In our previous study, in addition to the 5-HTTLPR VNTR genotype (14 repeats designated
traditionally as the S allele and 16 repeats as the L allele), we also genotyped a SNP
(rs25531) in the VNTR region, which divides the L variant into LG and LA. However, we
observed that including rs25531 genotype did not change the results in our study.
Considering that many previous 5-HTTLPR × childhood adversity studies did not include
rs25531, we decided to only analyze the L-S bi-allelic classification of the 5-HTTLPR
genotype in the present investigation.

Among the 5178 subjects, 3270 subjects were genotyped for 41 ancestry-informative
markers (AIMs), including 36 short tandem repeat markers and 5 SNPs. The selection and
characteristics of these markers have been described previously (Yang and others 2005). We
used STRUCTURE software (Pritchard and Rosenberg 1999)to analyze the AIMs data, and
to generate ancestry proportion scores. Subjects with an African ancestry proportion score <
0.500 were classified as EAs; otherwise, they were classified as AAs. Another 704 subjects
participated in a genome-wide association study of drug and alcohol dependence, and were
genotyped on the Illumina HumanOmni1-Quad 1M array at CIDR or at the Yale Keck
center. Population assignments were made by STRUCTURE analysis of all SNPs in the
genome array with a genotype call rate > 98% and minor allele frequency ≧ 0.05. We did
not have AIMs information for the remaining 1204 subjects, and thus used self-reported race
information for these individuals.

Statistical analysis
Logistic regression was used to examine the main effects of 5-HTTLPR genotype (coded as
0 for LL, 1 for LS, and 2 for SS) and childhood adversity (coded as 0 for none, 1 for
exposure) on PTSD diagnosis. Sex and age were used as covariates. To explore the
interaction effect of the genotype and childhood adversity, an interaction term was entered
into the model. Then the interaction effect on PTSD was measured again by adding the
diagnosis of major depressive disorder as a covariate in the logistic regression model.
Generalized estimating equation (GEE) analyses were applied to fit the logistic regression
model to account for the dependence of the data from individuals in the same family. To
measure the additive interaction effects from logistic models, we adopted a method proposed
by Ai and Norton (Ai and Norton 2003). “Additive interaction effect” is defined as the
combined effect of the risk genotype and environmental factor being larger than the sum of
their individual effects. We first calculated the marginal effects from logistic regression
models. Then the additive interaction effects and standard errors were computed from the
marginal effects (Norton and others 2004; Zimmermann and others 2011). EAs and AAs
were analyzed separately to prevent population stratification. Because most of the subjects
were affected with alcohol, cocaine and/or opioid dependence, additional models including
terms for these co-morbidities were examined.

Then, we combined the data from this study (5178 subjects) with those from our previous
study (1252 subjects) investigating the interaction effect of 5-HTTLPR and childhood
adversity on PTSD risk (Xie and others 2009). The methodology of these two studies,
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including subject recruitment, PTSD diagnosis and childhood adversity measures were
nearly identical (only differing on whether families or unrelated individuals were
ascertained). Because in our previous study, association results using the bi-allelic (S vs. L)
or the tri-allelic (considering SNP rs25531 in the L allele) genotypes were comparable, only
the L-S bi-allelic classification of the 5-HTTLPR genotype was used in the current study.
GEE adjusted logistic regression models were applied. We also computed the additive
interaction effects from the logistic regression models in the combined sample. All analyses
were performed using SAS 9.2 (SAS, Cary, NC)and Stata 12 (Stata, College Station, TX).

Results
Demographics

We observed that 2.3% of the subjects who self-reported as EAs were reclassified as AAs
after analyzing the AIMs, and 2.5% of the subjects who self-reported as AAs were
reclassified as EAs. We did not have AIMs information for 1204 out of the 5178 subjects,
and thus used self-reported race information. Among the 1204 subjects, 860 were self-
reported EAs, and 344 were self-reported AAs. Therefore, ~29 subjects were estimated to
have been misclassified on race. In total, 2779 EAs and 2399 AAs were included in the
study. The mean age of the 5178 subjects (44.0% female)was 40.5 (SD 11.2), ranging from
18 to 85 years. Table 1 lists detailed demographic information for all particpants. There are
no statistically significant differences in the mean age, sex proportion, years of education,
and overall childhood adversity rate between EAs and AAs. Among EAs, 398 of them had a
lifetime diagnosis of PTSD, and 321 of the AAs had a lifetime diagnosis of PTSD. There
was no difference in the rate of lifetime PTSD between EAs (14.3%) and AAs (13.4%)

( , P=0.33). In both populations, women had a higher rate of PTSD than men (EA:

, P<0.0001; AA: , P=0.0002).

Main effects of childhood adversity and 5-HTTLPR genotypes on risk of PTSD
Four categories of adverse childhood experiences before age 13 were assessed in this study:
neglect, witnessing or being a victim of a violent crime, sexual abuse, and physical abuse.
The correlations among the four categories of childhood adversity were weak to moderate,
with Pearson correlation coefficients between 0.15 to 0.31 for AAs, and 0.16 to 0.40 for
EAs. The distribution of childhood adversity by race is shown in Table 2. Witnessing or

being a victim of a violent crime happened more frequently in AAs than EAs ( ,
P<0.0001). Other than that, the distribution pattern was similar between the two populations.
After adjusting for age and sex, all four categories of childhood adversity were significantly
associated with increased risk for a diagnosis of PTSD in EAs. A similar trend was observed
in AAs, except for childhood neglect, which was marginally associated with PTSD risk
(Table 2). In both populations, having experienced events from a greater number of
categories of adverse childhood experiences increased PTSD risk (Figure 1).

The genotype distribution of 5-HTTLPR was 31.0% LL, 48.9% LS and 20.0% SS in EAs;
56.2% LL, 36.9% LS, and 6.8% SS in AAs. The distribution is consistent with previous
studies (Caspi and others 2003; Xie and others 2009)and with Hardy-Weinberg equilibrium
expectations. After adjusting for age and sex, genotype was not significantly associated with
PTSD (EA: OR=0.97, 95% CI=0.83–1.12, P=0.65; AA: OR=1.04, 95% CI=0.87–1.25,
P=0.67). These results are similar to our previous observations (Xie and others 2009).

Interaction effect of childhood adversity and 5-HTTLPR on risk of PTSD
Subjects who reported at least one of the four categories of childhood adversity were
considered as having been exposed to early life stress. As in our previous study, the 5-
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HTTLPR genotype × childhood adversity interaction was significantly associated with
lifetime PTSD diagnosis in EAs, but not in AAs (EA, OR=1.49, 95% CI=1.07–2.08,
P=0.019; AA, OR=0.90, 95% CI=0.60–1.35, P=0.62. See Table 3 and Figure 2). In EAs
without childhood adversity, subjects with different 5-HTTLPR genotypes had similar
PTSD rates. However, for subjects with childhood adversity, those carrying the LL genotype
had the lowest rate of PTSD; subjects carrying the LS and SS genotypes had significantly

higher rates of PTSD ( , P=0.04). By calculating the additive interaction effect, we
determined that EA subjects with the LS genotype and childhood adversity had 4.92%
higher probability of developing PTSD (95% CI = 0.77%–9.08%, P=0.020), compared with
the combined risk for EAs with the LS genotype but without childhood adversity, and EAs
with the LL genotype but with childhood adversity. EAs with the SS genotype and with
childhood adversity had 9.98% higher probability of developing PTSD (95% CI = 1.26%–
18.70%, P=0.025), compared with the combined risk for EAs with the SS genotype but
without childhood adversity, and EAs with the LL genotype but with childhood adversity.

In this sample, 30.3% of the subjects with lifetime PTSD also had diagnosis of major
depressive disorder. To evaluate the influence of depression on the interaction effect of
childhood adversity and 5-HTTLPR genotype on PTSD, the interaction effect was
calculated again after adding the diagnosis of major depressive disorder into the logistic
regression model as a covariate. Including depression in the model did not change the
interaction effect on PTSD (EA, OR=1.49, 95% CI=1.06–2.08, P=0.020; AA, OR=0.85,
95% CI=0.57–1.29, P=0.45). The additive interaction effect also remained largely
unchanged after adjusting for depression (Supplementary table 1).

The participants in this study were recruited for studies of the genetics of substance
dependence and 68.9% of the EAs and 79.7% of the AAs were dependent on alcohol,
cocaine and/or opioids. To explore the effect of these substance dependence phenotypes on
PTSD diagnosis, alcohol, cocaine and opioid dependence, and their interactions with
childhood adversity and 5-HTTLPR genotype, were added to the original G×E model. For
EAs, among the nine newly-added independent variables (three main and six interaction
terms), only cocaine dependence and cocaine dependence × childhood adversity had a
significant effect on PTSD diagnosis with P < 0.05 (Supplementary table 2). For AAs, the
effects of alcohol dependence and cocaine dependence were significant (Supplementary
table 2). After adjusting for the effects of substance dependence, the interaction of childhood
adversity and 5-HTTLPR genotype on PTSD diagnosis was unchanged.

Analyzing the combined data
We combined the data from the current study with those from our previous study
investigating the interaction effect of 5-HTTLPR and childhood adversity on PTSD risk. A
total of 3361EAs and 3069 AAs were included in the analysis. With the increased sample
size, the power to detect the interaction effect is increased, but the effect in AAs remained
non-significant (EA, OR=1.52, 95% CI=1.12–2.06, P=0.0069; AA, OR=1.14, 95%
CI=0.79–1.64, P=0.50. See Table 4 and Figure 3). In the combined sample, EAs with the LS
genotype and childhood adversity had 5.40% higher probability of developing PTSD (95%
CI = 1.96%–8.84%, P=0.002), compared with the combined risk for EAs with the LS
genotype but without childhood adversity, and EAs with the LL genotype but with
childhood adversity. EAs with the SS genotype and with childhood adversity had 11.12%
higher probability of developing PTSD (95% CI = 3.83%–18.41%, P=0.003), compared
with the combined risk for EAs with the SS genotype but without childhood adversity, and
EAs with the LL genotype but with childhood adversity. The interaction effect remained
almost the same when the model was adjusted by major depressive disorder(EA, OR=1.51,

Xie et al. Page 6

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



95% CI=1.11–2.04, P=0.0086; AA, OR=1.10, 95% CI=0.76–1.59, P=0.62; Additive
interaction effect see Supplementary table 1).

After adjusting for the effects of substance dependence, the interaction of childhood
adversity and 5-HTTLPR genotype on PTSD diagnosis remained largely unchanged (See
Supplementary table 3).

Finally, we examined the interaction of 5-HTTLPR genotype and the number of categories
of childhood adversity on risk of PTSD in the combined sample. As shown in Figure 4, the
effect of early life stress on the onset of PTSD was evident especially in those EA
individuals with an S allele who experienced three or four categories of childhood adversity,
compared with those who experienced one or two categories of childhood adversity.

Discussion
Since the highly influential 2003 study by Caspi and colleagues (Caspi and others 2003), 5-
HTTLPR has become one of the most studied genetic variants in psychiatry with respect to
G×E interaction. Early life stress has been well validated as a risk factor for PTSD. We first
reported that 5-HTTLPR genotypes could moderate the effect of childhood adversity on
PTSD onset. By analyzing a mostly substance dependent cohort, which had a rate of PTSD
2–3 times that of the general population, we observed a significant interaction in EAs, but
not in AAs. In the current study, we analyzed 719 PTSD cases and 4459 control subjects
who were not included in our previous study, and replicated our earlier observation of a
significant G×E effect in EAs, with an odds ratio of 1.51 (95% CI=1.07–2.14, P=0.019)
based on a logistic regression model. In neither case did we detect an effect in AAs. The
study was similarly powered to detect effects in both EAs and AAs. Combining subjects
from our previous study with those presented here yielded 948 PTSD cases and 5482
controls. In this larger sample, the odds ratio of the moderating effect of genotype in EAs
was 1.52 (95% CI=1.12–2.06, P=0.0069). The G×E effect did not change after adjusting for
major depressive disorder and the main effects of substance dependence phenotypes and
their interactions with childhood adversity and 5-HTTLPR genotypes.

Interpretation of this study should consider the following limitations. Measurement of early
life environment was not systematic and did not employ a validated instrument. This may be
of particular concern with retrospective recall of early life experiences, which could be
inaccurate or biased, especially for subjects with PTSD or substance dependence. Finally,
we did not use a complete list of childhood adverse events; only four categories were
investigated in this study.

G×E research in psychiatry is controversial. Two of the three meta-analytic studies of the
interaction between 5-HTTLPR, stressful life events, and risk of depression failed to find
evidence supporting the original interaction reported by Caspi and colleagues (Karg and
others 2011; Munafo and others 2009; Risch and others 2009). However, whether results
from these meta-analysis studies reflect the true effect size of the interaction remains
unclear. First, because there were insufficient descriptive data from many G×E studies,
published studies were excluded in some of these meta-analyses. Second, study designs,
environmental measures, and statistical analytic methods differ substantially across G×E
studies, which makes it difficult to combine the results. Because statistical power to detect
interaction effects is lower than for genetic or environmental main effects, the false positive
rate is high (Duncan and Keller 2011). Therefore, a large sample size, examination of
genetic and environmental factors with large effect size, and careful measurement of
environmental factors are key considerations in G×E studies.
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In this study, interaction effect was observed in EAs, but not in AAs. We reviewed
published studies examining the hypothesis that the 5-HTTLPR moderates the effect of
stressful life events on PTSD and depression phenotypes. For PTSD, besides the study we
published in 2009(Xie and others 2009), five other studies were published (Grabe and others
2009; Kilpatrick and others 2007; Koenen and others 2009; Kolassa and others 2010;
Mercer and others 2012). Three of the five studies investigated American populations, but
none of them studied AAs. Therefore, so far there are no studies other than ours having
analyzed this interaction effect on PTSD risk in AAs. For depression phenotypes, about 18
studies investigating American populations have been published. However, only three
studies examined AAs separately (Mitchell and others 2011; Ressler and others 2010;
Scheid and others 2011). Ressler et al. (Ressler and others 2010)studied 1392 AAs with high
rate of substance abuse, and did not find any interactions between the 5-HTTLPR and child
abuse on Beck Depression Inventory (BDI) score. Mitchell et al. (Mitchell and others
2011)studied 1206 women, 760 of whom were AAs. They did not observe any significant
interaction effect between education level and the 5-HTTLPR on postpartum depression
when AAs were analyzed separately. Scheid et al. (Scheid and others 2011)studied 698 AA
women, and found weak interaction effect between the 5-HTTLPR and abuse on
midpregnancy depressive symptoms. The interaction effect was not statistically significant
after adjustment for multiple comparisons. Therefore, based on the published data, the
interaction effect of 5-HTTLPR and stress on depression in AAs is not as clear as it is in
EAs, notwithstanding that the results in EAs are also mixed.

There are several possibilities to explain the population-specific G×E effect. First, the minor
allele frequency of the 5-HTTLPR in AAs is lower than that in EAs. The genotype
distribution of 5-HTTLPR was 31.0% LL, 48.9% LS and 20.0% SS in EAs and 56.2% LL,
36.9% LS, and 6.8% SS in AAs. With the lower genotype frequency of the S allele
homozygotes in AAs, the statistical power of calculating G×E effect is lower than for EAs.
Studies analyzing larger AA samples may be able to detect an effect. Second, the 5-
HTTLPR may not directly interact with early life stress. It may instead reflect the action of
variants in linkage disequilibrium with the 5-HTTLPR, which contribute to the interaction
effect. Linkage disequilibrium patterns vary by population, providing a possible explanation
for failure to detect the signal in EAs but not AAs. Third, multiple differences in gene
expression and regulation across racial and ethnic groups and differences in epistatic effects
are other possible factors. Gelernter et al. (Gelernter and others 1998)reported that EAs with
the 5-HTTLPRS allele had higher scores on neuroticism compared to those with the LL
genotype, whereas the opposite pattern of findings was observed for AAs. Williams et al.
(Williams and others 2003) reported that in EAs, the 5-HTTLPRSS genotype was associated
with lower levels of central nervous system serotonin turnover, compared to the LL and LS
genotypes. However, opposite association pattern was observed in AAs.

Serotonin plays numerous roles in the central nervous system. There is substantial evidence
for the importance of serotonin in PTSD. First, serotonin-reuptake inhibitors (SSRI) are a
first-line medication approved by the Food and Drug Administration to treat PTSD (Brady
and others 2000). Second, serotonergic dysregulation is implicated in many symptoms that
co-occur with PTSD including depression, impulsivity, and aggression (Southwick and
others 1999). The S allele of 5-HTTLPR reduces serotonin transporter gene expression and
function (Lesch and others 1996), and thus decreases serotonin reuptake (although the final
result depends also on long-term brain homeostatic adaptation to the effects of any particular
allele). Animal models and human studies have provided evidence that 5-HTTLPR regulates
adaptive capacities to environmental changes (Homberg and Lesch 2011). Therefore, the
biological effects of 5-HTTLPR warrant consideration as a candidate for effects in G×E
studies of PTSD.

Xie et al. Page 8

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Compared to depression, despite the fact that PTSD is known to have both environmental
and genetic risk factors, very little work has been done to examine the interaction of genetic
and environmental effects. Further studies are needed to replicate and extend the findings
reported here.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
effects of number of categories of childhood adversity experienced on PTSD risk.
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Figure 2.
5-HTTLPR genotype interacted with childhood adversity to moderate risk for PTSD in
European Americans (a), but not in African Americans (b).
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Figure 3.
5-HTTLPR genotype moderated the effect of childhood adversity on risk for PTSD in
European Americans (a), but not in African Americans (b) from the combined sample.
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Figure 4.
The interaction of 5-HTTLPR genotype and the number of categories of childhood adversity
on risk of PTSD in European Americans from the combined sample.
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Table 1

Characteristics of the subjects

EA (n=2779) AA (n=2399)

Age (SD) 39.0 (12.5) 42.2 (9.2)

Sex 43.9% female 44.0% female

Years of education (SD) 12.9 (2.61) 12.1 (2.01)

PTSD*(%) 14.3 13.4

Childhood adversity(%) 36.8 41.4

 Neglect(%) 22.3 19.9

 Witnessing or being a victim of a violent crime(%) 13.4 23.1

 Sexual abuse(%) 14.2 15.1

 Physical abuse(%) 9.0 9.0

Alcohol dependence*(%) 43.0 50.0

Cocaine dependence*(%) 52.5 71.2

Opioid dependence*(%) 46.7 23.9

Major depressive disorder*(%) 15.6 11.8

5-HTTLPR genotype 31.0% LL, 48.9% LS and 20.0% SS 56.2% LL, 36.9% LS, and 6.8% SS

*
Diagnoses of lifetime psychiatric disorders were made based on DSM-IV criteria.
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Table 3

Interactive effects of childhood adversity and 5-HTTLPR genotypes on PTSD risk based on logistic regression
models.

European American (n=2779) African American (n=2339)

OR (95%CI) P-value OR (95%CI) P-value

Childhood adversity 4.87 (3.35–7.08) <.0001 5.71 (4.02–8.10) <.0001

5-HTTLPR 0.81 (0.62–1.06) .13 1.14 (0.81–1.60) .44

5-HTTLPR × Childhood adversity 1.49 (1.07–2.08) .019 0.90 (0.60–1.35) .62

Age 0.99 (0.98–0.99) .0015 1.00 (0.99–1.02) .55

Sex

 Female 1.0

 Male 0.49 (0.39–0.61) <.0001 0.61 (0.48–0.78) <.0001
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Table 4

Interactive effects of childhood adversity and 5-HTTLPR genotypes on the risk of PTSD based on logistic
regression models (analysis of combined data including the present replication study, and our original study).

European American (n=3361) African American (n=3069)

OR (95%CI) P-value OR (95%CI) P-value

Childhood adversity 4.20 (2.98–5.91) <.0001 4.24 (3.13–5.75) <.0001

5-HTTLPR 0.82 (0.64–1.06) .13 1.02 (0.75–1.40) .89

5-HTTLPR × Childhood adversity 1.52 (1.12–2.06) .0069 1.14 (0.79–1.64) .50

Age 0.99 (0.98–1.00) .02 1.01 (1.00–1.02) .23

Sex

 Female 1.0

 Male 0.51 (0.42–0.63) <.0001 0.63 (0.51–0.78) <.0001
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