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Although the serotonin transporter promoter polymorphism (5-HTTLPR) contributes to depression and suicidality in a fashion modulated

by environmental stress, 5-HTTLPR has been little examined in relation to suicidal behavior in substance dependence. Recently, a third

functional allele of 5-HTTLPR was discovered enabling more of the interindividual variation in serotonin transporter expression to be

predicted by genotype. We examined whether the 5-HTTLPR gene alone, or interacting with childhood trauma, was predictive of suicidal

behavior in substance-dependent patients, a clinical population that is at high risk of suicide, as well as childhood trauma and other stress.

We interviewed 306 abstinent male African-American substance-dependent patients about whether they had ever attempted suicide

and administered the 34-item Childhood Trauma Questionnaire (CTQ). Patients and 132 male African-American controls were

genotyped to determine the S, LG, and LA 5-HTTLPR alleles; some analyses grouped the S and LG alleles on the basis of equivalent

function. The distribution of 5-HTTLPR genotypes did not differ between patients and controls, nor between suicide attempters and non-

attempters. However, patients with low expression 5-HTTLPR genotypes and above-median CTQ scores were more likely to have

attempted suicide. Logistic regression showed increasing risk of a suicide attempt with increasing reports of childhood trauma scores; in

addition, this increase was exaggerated among those with low expression forms of the 5-HTTLPR genotype. Childhood trauma interacts

with low expressing 5-HTTLPR genotypes to increase the risk of suicidal behavior among patients with substance dependence.
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INTRODUCTION

Suicide and suicide attempts are a major problem in
substance dependence (Hser et al, 2001). Harris and
Barraclough (1997), in a meta-analysis of follow-up studies,
found that both alcohol- and opiate-dependent patients had
a standardized mortality ratio for suicide 14 times higher
than expected. Patients with cocaine dependence also have a
greater risk of suicide. Marzuk et al (1992) found that 29%
of suicide victims, aged 21–30 years, in New York tested
positive for cocaine. Data from the Epidemiologic Catch-
ment Area Survey showed that cocaine abusers had a
significantly increased risk of attempting suicide and
clinical studies report that up to 40% of cocaine-dependent
patients have attempted suicide at some time (Petronis et al,
1990; Roy, 2001). The risk for an attempt at suicide is also
increased among alcohol- and opiate dependent patients

(reviewed in Roy and Linnoila, 1986). Up to 40% of
alcoholics and 50% of opiate dependent patients attempt
suicide at some time in their life (Johnson and Fridell, 1997;
Kosten and Rounsaville, 1988).
Clinical risk factors for suicidal behavior in alcohol- and

drug-dependent patients have been studied (Darke and
Ross, 2002; Roy et al, 1996; Roy, 2002, 2003). However, in a
5 year follow-up of alcoholics, clinical risk factors
accounted for less than half of the variance for suicidal
behavior, whereas genetic-epidemiologic studies indicate
that up to half of the variance for attempting suicide is
owing to genetic factors (Preuss et al, 2003; Statham et al,
1998; Glowinski et al, 2001; Fu et al, 2002). As low central
serotonin function is implicated in suicidal behavior, we
examine here the possible role of the serotonin transporter
gene in suicidal behavior among substance dependent
patients (Asberg, 1997). To do this we initially compare
rates of suicide attempts and serotonin transporter promo-
ter (5-HTTLPR) genotypes in substance dependent patients
and controls.
The serotonin transporter (5-HTT) is located on pre-

synaptic serotonin neurons and is responsible for the
reuptake of serotonin. The protein is encoded by a single
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gene on chromosome 17 (Ramamoorthy et al, 1993). A
functional polymorphism in the 50 regulatory promoter
region of the 5-HTT gene (5-HTTLPR) involves two
common alleles (0.4–0.6) that regulate transcription of the
gene (Heils et al, 1996). The allele containing 14 copies of an
imperfect 22 bp repeat (s allele) which reduces transcription
efficiency of the 5-HTT gene as compared to the 16 repeat
allele (l allele) (Lesch et al, 1996), and as also shown in vivo
(Heinz et al, 2000) and in post-mortem brain (Little et al,
1998). Recently, a third functional allele was discovered
which is an A4G single nucleotide polymorphism within
the first of two extra repeats that characterize the l allele
(Hu et al, 2006). The LG allele is relatively common in
Caucasian populations (0.09–0.15) and still more abundant
in African-American populations (0.24) and it is associated
with a low rate of HTT transcription, such that the LG allele
is functionally similar to the S allele (Hu et al, 2006).
Because population stratification can produce spurious
false positive results, and the fact that our controls and
the majority of our patients are African American, we
decided to restrict the subjects in this study to African
Americans.
The many studies of the role of HTTLPR in suicidal

behavior among patients with psychiatric disorders, only a
few with substance dependence, have been reviewed by Lin
and Tsai (2004). Not surprisingly for a complex behavior
such as suicide, there is substantial between-study hetero-
geneity, with some studies reporting no linkage. However,
Lin and Tsai concluded that the 5-HTTLPR short allele
occurred significantly more often among suicide attempters
than among psychiatric patients who had never attempted
suicide.
Caspi et al (2003) reported an interaction between 5-

HTTLPR and stressful life events for depression, suicidal
ideation, and suicide attempts. The loss-of-function s allele
and s-containing genotypes were again implicated. They
carried out a prospective longitudinal study of 1037
Dunedin children assessed at regular intervals till the age
of 26 years. They measured stressful life events occurring
between the age of 21 and 26 years. Individuals with an s
allele and with stressful life events after 21 years of age had
an increase in depressive symptoms and suicidal behavior/
ideation whereas l/l homozygotes did not. Furthermore,
when Caspi et al (2003) examined childhood maltreatment
that occurred during the first 10 years of age they similarly
found that childhood trauma predicted depression as an
adultFbut again only among individuals with the s allele
and not among l/l homozygotes.
Childhood maltreatment is a developmental risk factor

that may predispose an individual to later suicidal behavior.
Many general population and clinical studies have shown
that childhood trauma like physical, sexual, and emotional
abuseFand neglectFare associated with attempting sui-
cide as an adult. As we had administered the 34-item
Childhood Trauma Questionnaire (CTQ) to our sample of
abstinent substance-dependent patients, who had been
interviewed about whether or not they had ever attempted
suicide and genotyped for 5-HTTLPR, we reasoned that it
would be especially important to evaluate the interaction
between HTTLPR and environmental trauma in this clinical
population in which suicide and suicidality are frequently
seen.

SUBJECTS AND METHODS

A series of 306 male abstinent substance-dependent
African-American patients was seen in the Substance Abuse
Treatment Program at the Department of Veterans Affairs
New Jersey Healthcare System (VANJHCS), East Orange
Campus. Inclusion criteria: Patients were 418 years of age,
met DSM-IV criteria for substance dependence, identified
themselves as African American, and had been abstinent for
at least 2 weeks in preparation for other biologic tests.
Excluded were patients with mental retardation, dementia,
or acute psychosis. African American male control subjects
(N¼ 132) were recruited at the University of Medicine and
Dentistry of New Jersey: New Jersey Medical School
(UMDNJ), Newark, from among insulin-dependent diabetic
outpatients seen at an ophthalmology clinic and in blood
banks. After complete description of the study, all subjects
gave written informed consent to protocols approved by the
Institutional Review Boards of the VANJHCS and UMDNJ.
A semi-structured psychiatric interview, presented else-

where, was conducted among the patients by a psychiatrist
(AR), collecting socio-demographic variables, psychiatric
history, and history of attempting suicide (Roy, 2001, 2002).
Data from the patient, particularly for suicidal behavior,
was supplemented by collateral information from mental
health program staff, medical records, the program inter-
nist, and physician’s assistant, and previous treating mental
health professionals. A suicide attempt was defined as an act
that was self-destructive with some intent to end one’s life
which was not self-mutilatory in nature. This definition was
implemented by the first author, a psychiatrist, after
interviewing the patient, and reviewing all of the collateral
information detailed above. Psychiatric status of the
controls was determined by a semi-structured screening
interview. The CTQ (34-item version), which yields scores
for childhood physical abuse, emotional abuse, sexual
abuse, physical neglect, and emotional neglect, was
completed only by patients (Bernstein et al, 1997).
Reliability and validity of the CTQ have been demonstrated
(Bernstein et al, 1994, 1997). These CTQ data have been
previously reported in studies of clinical risk factors for
suicidal behavior (Roy, 2001, 2002).
Genomic DNA was extracted from blood. Genotyping of

5-HTTLPR for S, LG, and LA alleles was performed using a
two-stage 50 exonuclease assay as described by Hu et al
(2006). The high-expressing L allele is LA. The two
functionally equivalent low-expressing alleles are LG and
S. The 5-HTTLPR allele function was determined by assays
of mRNA levels in lymphoblastoid cell lines and a raphe
neuron-derived cell line transfected with allele-specific
expression constructs (Hu et al, 2006).
For statistical analyses, the S and LG alleles were grouped

based on their functional similarity as low expressing
alleles. This yields three expression-defined genotype
groups: low: SS, SLG, and LGLG; intermediate: SLA and
LGLA; and high, LALA. However, because of power
considerations and because suicide may be a threshold
behavior, we also compared two groupsFa low-expression
group defined as SS or SLG, and high expression group
comprised of all other genotypes. We first compared the
distribution of genotypes between patients and controls by
the w2 test. Then the rate of suicide attempts was compared
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by w2 test between patients divided into groups using the
median CTQ value, as well as by the three-category
genotype grouping. Finally, the main effects and interaction
of CTQ scores and the 2-category genotype grouping on
suicide attempt were evaluated by logistic regression.

RESULTS

The sample consisted of 306 male African-American
abstinent substance dependent patients in early remission
and 132 male African-American controls (52 normal
controls and 80 insulin-dependent diabetic patients). Table 1
shows similar distributions of 5-HTTLPR genotypes in
substance-dependent patients and controls.
Table 2 shows that suicide attempters reported signifi-

cantly more childhood trauma than non-attempters. How-
ever, attempters were similar to non-attempters in age and
in distribution of 5-HTTLPR genotypes.
Figure 1 shows that suicide attempts are predicted by

childhood trauma, with a potential interaction of HTTLPR.
The sample is divided using the median split for CTQ scores,
and using the three functional categories of HTTLPR
genotypes: high, intermediate, and low-expressing. For
CTQ scales of emotional abuse (w2(1)¼ 4.46, p¼ 0.035),
physical abuse (w2(1)¼ 8.58, p¼ 0.003), emotional neglect
(w2(1)¼ 8.58, p¼ 0.003) and physical neglect (w2(1)¼ 5.84,
p¼ 0.016), higher levels of childhood trauma were associated
with increased rates of suicide attempts in the low-expressing
genotype group. Although not significant, higher attempter
rates were also seen in the low-expressing group reporting
higher levels of sexual abuse (w2(1)¼ 2.57, p¼ 0.11). Rates of
suicide attempts in the intermediate and high expression
groups were unaffected by increasing levels of childhood
trauma, except for emotional neglect in the high-expressing
group (w2(1)¼ 6.06, p¼ 0.014). These data suggest that
childhood trauma interacts with the low-expressing 5-
HTTLPR genotypes to affect rates of suicide attempts.

To evaluate further the association between childhood
trauma and the 5-HTTLPR genotype on risk of suicide
attempt, logistic regression was used to model risk as a
function of each of the (continuous) childhood trauma
scores, high- vs low-expression genotype, and their inter-
action. Table 3 shows that each model including main
effects of different types of trauma and HTTLPR genotype
significantly predicted attempter status (Step 1). In these
logistic regression models, the different types of childhood
trauma were associated with ORs for risk of making a
suicide attempt ranging from 1.04 to 1.10. Thus, a one point
increase in childhood trauma score was associated with a
4% (for emotional neglect) to 10% (for physical abuse)
increase in risk of making a suicide attempt. Genotype alone
did not predict attempter status.
In step 2, a G� E interaction was seen for physical abuse

and for emotional neglect. For both of these environmental
predictors of suicide, there was a significant increment in risk
in the context of the low-expressing 5-HTTLPR genotype.
Although the interaction was significant for physical abuse
and emotional neglect, we note that G� E interaction effects
were of similar magnitude for other childhood traumas. Thus,
childhood trauma interacted with low-expressing 5-HTTLPR
genotype to increase the risk of a suicide attempt, over and
above the risk associated with childhood trauma alone.

Table 1 Rates of Suicide Attempts, Diagnoses and 5-HTTLPR
Genotypes in Male African-American Abstinent Substance
Dependent Patients and Controls

Variable
Controls
N¼132

Patients
N¼306 Group comparison

Suicide attempt 1.5% 30.7% w2(1)¼ 45.6, po0.001

Dependence

Alcohol 8.3 52.6 w2(1)¼ 75.8, po0.001

Cocaine 3.0 68.6 w2(1)¼ 158.8, po0.001

Heroin 3.8 48.0 w2(1)¼ 79.7, po0.001

Triallelic genotype

SS 6.1 7.8 w2(5)¼ 4.7, p¼ 0.46

SLG 10.6 14.4

SLA 26.5 24.8

LGLG 7.6 6.2

LGLA 19.7 24.8

LALA 29.5 22.2

Table 2 Age, Childhood Trauma, Dependence Diagnosis, and
5-HTTLPR Genotypes as Risk Factors for Suicide Attempts in
Abstinent African-American Male Substance Dependent Patients
Who Completed the CTQ

Ever attempted suicide

Yes
N¼81

No
N¼ 176

Group
comparison

Age (years) mean (SD) 46.5 (7.2) 44.9 (7.5) p¼ 0.09

CTQ mean (SD)

Physical abuse 13.1 (6.5) 10.2 (4.7) po0.001

Emotional abuse 12.1 (5.7) 10.2 (5.1) p¼ 0.001

Sexual abuse 10.4 (6.1) 8.7 (4.4) p¼ 0.011

Physical neglect 15.2 (6.2) 13.5 (5.3) p¼ 0.025

Emotional neglect 26.0 (9.5) 22.4 (8.8) p¼ 0.003

Dependence

Alcohol only 10.6% 9.0% NS

Cocaine only 14.9 18.4 NS

Heroin only 6.4 15.6 NS

Multiple 67.9 55.2 p¼ 0.05

Triallelic genotype

SS 11.7 6.1 NS

SLG 13.7 14.9

SLA 22.3 25.9

LGLG 6.4 6.1

LGLA 23.4 25.5

LALA 21.3 22.6
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To illustrate the difference in risk of a suicide attempt
attributable to these interactions, Figures 2 and 3 show scatter
plots relating predicted risk of a suicide attempt (from the 3-
variable logistic regression modeling) for the CTQ scales of
physical abuse and emotional neglect, separately for those
with and without the low-expressing 5-HTTLPR genotype.
The figures show that increasing childhood trauma was
associated with increasing risk of attempting suicide, regard-
less of genotype (the main effect). Second, the slope of the
effect for the group defined by low-expression HTTLPR
genotypes is steeper than that for the group with high
expressing genotypes (the interaction). Thus, although
increasing levels of childhood trauma generally increase the
risk of attempting suicide, the rate of increase is greater in
those with the low-expressing 5-HTTLPR genotype.
To explore the question of whether these associations

might be mediated by major depressive disorder (MDD),
further regression modeled MDD as an additional step.
(Because 32 subjects were not assessed for lifetime MDD,
Step 1, which would otherwise be redundant with Table 3, is
repeated). Table 4 shows very strong effects of MDD on
attempter status. However, although controlling for MDD
status, reduces the ORs for risk attributable to CTQ scores
and the interaction slightly, those effects were not fully
erased. Although preliminary, this analysis is consistent
with the conclusion that CTQ scores and 5-HTTLPR status
represent risks for suicide attempts that are independent of
those associated with depression.

DISCUSSION

In this study childhood traumaFwithout any consideration
of genotypeFwas associated with an increased risk of a
suicide attempt, as previously reported in these patients
(Roy, 2001, 2002). However, the results of the present study
advance these previous reports as a serotonin transporter
genotype interacted with childhood trauma to increase the
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Figure 1 Suicide attempter rates (7SD) as a function of median CTQ scores (a), emotional abuse, (b), physical abuse, (c), emotional neglect, and (d),
physical neglect; and high, intermediate, and low expression groupings of the 5-HTTLPR genotype. *Significantly increased attempt rate in low expression
group with higher CTQ scores, p¼ 0.035 for emotional abuse, p¼ 0.003 for physical abuse and emotional neglect, and p¼ 0.016 for physical neglect.

Table 3 Logistic Regressions Relating High and Low Expressing
Forms of the 5-HTTLPR Genotype and CTQ Scores to Attempter
Status

Variable Step 1 OR (95% CL) Step 2 OR (95% CL)

HTTLPR 1.42 (0.76, 2.67) 0.28 (0.05, 1.55)

CTQ physical abuse 1.10 (1.05, 1.15) 1.07 (1.01, 1.13)

G X E interaction F 1.15 (1.01, 1.31)

Goodness of fit w2(2)¼ 16.0, po0.001 w2(1)¼ 4.64, p¼ 0.03

HTTLPR 1.46 (0.79, 2.71) 0.55 (0.11, 2.60)

CTQ emotional abuse 1.07 (1.02, 1.12) 1.05 (0.995, 1.11)

G X E interaction F 1.09 (0.96, 1.24)

Goodness of fit w2(2)¼ 8.47, p¼ 0.014 w2(1)¼ 1.9, p¼ 0.16

HTTLPR 1.37 (0.74, 2.53) 0.74 (0.18, 3.0)

CTQ sexual abuse 1.06 (1.01, 1.12) 1.05 (0.99, 1.11)

G X E interaction F 1.06 (0.93, 1.21)

Goodness of fit w2(2)¼ 7.1, p¼ 0.03 w2(1)¼ 0.9, p¼ 0.33

HTTLPR 1.34 (0.73, 2.49) 0.38 (0.07, 2.19)

CTQ physical neglect 1.05 (1.01, 1.10) 1.03 (0.97, 1.08)

G X E interaction F 1.09 (0.98, 1.21)

Goodness of fit w2(2)¼ 5.75, p¼ 0.06 w2(1)¼ 2.42, p¼ 0.12

HTTLPR 1.40 (0.75, 2.61) 0.22 (0.03, 1.57)

CTQ emotional neglect 1.04 (1.01, 1.08) 1.03 (0.99, 1.06)

G X E interaction F 1.08 (1.01, 1.16)

Goodness of fit w2(2)¼ 10.0, p¼ 0.007 w2(1)¼ 4.27, p¼ 0.04

For each regression, Step 1 shows OR (95% confidence limits) for the main
effects of 5-HTTLPR status and each measure of childhood trauma. Step 2
shows the model with that interaction. w2 statistics indicate significance of the full
model for Step 1, and for the significance of the addition of the interaction on
Step 2. Bold indicates po0.05.
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likelihood of a suicide attempt. Specifically, among those
with the low-expressing 5-HTTLPR genotype, but not
among those with intermediate or high-expressing geno-
types, above median CTQ scores were associated with a
significant additional risk of a suicide attempt. Logistic
regression showed that a one-point increase in CTQ scale
score for childhood physical abuse and childhood emo-
tional neglect were associated with 7 and 3% increases,
respectively, in risk of a suicide attempt in all patients, as
well an additional 15 and 8% increases, respectively, among

those with the low-expressing genotype. Thus, the low-
expression 5-HTTLPR genotype amplified the risk of suicide
attempt associated with childhood trauma.
A gene–environment interaction between life events and 5-

HTTLPR polymorphism was first reported by Caspi et al
(2003). They found a significant interaction between the s
allele and life events occurring after 21 years of age in
producing depressive symptoms from the age of 21–26 years.
There are now both replications and extensions of this
finding as well as failures to confirm (Gillespie et al, 2005;
Kaufman et al, 2004; Eley et al, 2004; Kendler et al, 2005;
Surtees et al, 2006; Wilhelm et al, 2006; Zalsman et al, 2006).
Interestingly, and akin to the childhood trauma results of the
present study, Caspi et al (2003), also found that a significant
interaction between stressful life events and 5-HTTLPR
genotype predicted suicidal ideation or suicide attempts,
but again only among subjects with an s allele.
As in the present study an interaction of 5-HTTLPR

genotype with early experience has been reported to affect
central serotonin functioning in primates Bennett et al (2002),
compared monkeys reared with their mothers with monkeys
separated from their mothers at birth and peer-reared. The
measure of central serotonin function used was cisternal CSF
5-HIAA concentrations, which they and others had previously
shown were influenced by both genetic and environmental
factors (Higley et al, 1991, 1992, 1993; Rogers et al, 2004).
They found that CSF 5-HIAA concentrations were signifi-
cantly influenced by genotype but only in the peer-reared
monkeys. Rhesus macaques have an orthologous serotonin
transporter promoter polymorphism that is known as rh-
HTTLPR, and that exerts similar effects on transporter
expression and behavior. Peer-reared s/l heterozygous
monkeys had significantly lower CSF 5-HIAA concentrations
than peer raised homozygous monkeys with two l alleles.
However, there was no difference in CSF 5-HIAA concentra-
tions between the s/l or l/l genotypes in mother-reared
monkeys. Only monkeys with early deleterious rearing
experiences showed the genotype-predicted difference in
CSF 5-HIAA concentrations. These CSF 5-HIAA data are
relevant as low CSF 5-HIAA concentrations are found among
patients attempting suicide (reviewed in Asberg, 1997).
Also relevant are earlier findings by Higley et al (1992,

1996, 1998) and others, that monkeys with low CSF 5-HIAA
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Figure 2 Computed probability of a suicide attempt as a function
of childhood physical abuse score, in those with low-expressing, and
high-expressing forms of the 5-HTTLPR gene.
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Figure 3 Computed probability of a suicide attempt as a function
of childhood emotional neglect score, in those with low-expressing, and
high-expressing forms of the 5-HTTLPR gene.

Table 4 Odds Ratios from Logistic Regression Relating 5-HTTLPR
Genotype Status (SS+SLG vs Others) and CTQ Physical Abuse and
Emotional Neglect Scores to Attempter Status

Step 1 Step 2

HTTLPR 0.40 (0.07, 2.29) 0.38 (0.05, 2.65)

Physical abuse 1.07 (1.01, 1.13) 1.04 (0.98, 1.11)

G X E interaction 1.11 (0.97, 1.27) 1.15 (0.99, 1.35)

MDD 7.46 (3.57, 15.57)

HTTLPR 0.42 (0.05, 3.23) 0.83 (0.09, 7.27)

Emotional neglect 1.04 (1.00, 1.08) 1.03 (0.99, 1.07)

G� E interaction 1.05 (0.97, 1.13) 1.03 (0.95, 1.12)

MDD 6.97 (3.42, 14.21)

In step 1, OR (95% confidence limits) are shown for the main effect of
5-HTTLPR status and trauma, as well as their interaction. In step 2, the model
is controlled for the lifetime diagnosis of MDD. Bold indicates po0.05.
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concentrations were significantly more impulsive and
aggressive than monkeys with CSF 5-HIAA concentrations
within the normal range (Higley et al, 1992, 1996, 1998;
Mehlman et al, 1994; Westergaard et al, 1999). These data
are relevant as the trait of impulsive aggression is associated
with low CSF 5-HIAA concentrations in humans and is
thought to be an intermediate phenotype for suicidal
behavior (Roy and Linnoila, 1988; Higley and Linnoila,
1997; Williams et al, 2003; Zhou et al, 2005).
In the present study, there was no significant difference

between patients attempting suicide and controls for the
frequency of low- or high-expressing alleles of 5-HTTLPR.
This negative case–control result is in accord with findings
reported by others, as reviewed by Lin and Tsai (2004).
Evaluating 18 case–control studies, they found no signifi-
cant difference in the distribution of 5-HTTLPR genotypes
between 1521 cases exhibiting suicidal behavior and 2429
normal controls. Although those studies were composed
primarily of Caucasian subjects, the negative case–control
result in the present study of African American males
confirms that result. Furthermore, we have genotyped the S,
LA, and LG alleles, the LG allele being especially important to
distinguish in African-Americans, because of its high
frequency in this population (0.24). Lin and Tsai also
observed significant heterogeneity among the odds ratios of
the 18 studies they reviewed, and suggested this might be
attributed to the presence of some moderating variables.
The present results suggest the possibility that two such
moderating variables may include childhood trauma and
unrecognized 5-HTTLPR allelic variation.
In case–control association studies, population stratifica-

tion can produce spurious false-positive results owing to
ethnic stratification of diagnostic groups and a difference in
allele (haplotype) frequencies between populations. This latter
point could be a special concern for the African-American
population we studied because of its genetic diversity and
history of admixture. To formally evaluate the role of
population stratification in the present study, we genotyped
186 ancestry informative markers (AIMS). Each is a single
nucleotide polymorphism (SNP) tested for allele frequency in
Hapmap in four source populations: Caucasians, Chinese,
Japanese, and Yoruban Africans, and as verified by us in
Chinese, Caucasian, and African populations, as well as in
American Indians. Each SNP selected was a highly informa-
tive AIM, having an allele frequency difference of at least 0.7
between two of the ethnic populations and a 10-fold allele
frequency difference between two of the ethnic populations.
We used Structure 2 (Pritchard) to define ethnic variation
factors present within populations and to determine the factor
membership of each individual in the dataset. Three
populations we tested (Finnish Caucasians, Han Chinese,
and American Indians) showed very little admixture, but
those individuals who were admixed were readily identifiable.
Thus far, we have genotyped 50 of the African-Americans in
the present sample for the 186 AIMS. The average degree of
Caucasian admixture is 0.11, insufficient to account for the
present association in which the low-expression HTTLPR
alleles are substantially modulating the effect of childhood
trauma on the risk of suicide attempt. In the context of
concern about ethnic stratification, it is also important to
recognize that we did not find that HTTLPR predicted suicide
attempts or substance dependence. The effect of HTTLPR was

to modulate the effect of trauma on suicide attempts, and it
did so in a fashion coherent with the HTTLPR/trauma gene–
environment effect also seen in the Dunedin study of a
Caucasian cohort.
Limitations of the present study include that not all of the

patients completed the CTQ, that none of the controls
completed the CTQ as most were studied in a busy medical
clinic, that the definition used for a suicide attempt could
encompass heterogeneous phenomena, and that recent
stressful life events were not also measured. The controls
were mainly a convenience group of African-American
insulin-dependent patients and future studies might involve
normal controls free of medical as well as psychiatric
disorder. Also, self-report studies in substance dependent
patients may be confounded by state and trait issues.
However, this is not an issue in the present study as all the
patients were studied in the third week of an inpatient
rehabilitation program when they participated in other
biologic tests, which required that they be free of
medication and substance abuse for at least 2 weeks. We
had no systematic information on duration or severity of
dependence, both lifetime and before admission, and thus
were unable to evaluate their potential role in the results or
as a mediator. Future studies might examine changes in
substance availability or habits as they might influence the
prevalence of suicidal behavior.
In summary, although substance-dependent patients are a

high-risk group for suicidal behavior, present results
suggest that the combination of risk genotype and
environmental risk further increases that risk. The low-
expressing 5-HTTLPR genotype was found to interact with
childhood stress/trauma to increase the risk of suicidal
behavior in substance-dependent patients, a clinical group
in whom suicide ideation, attempts, and completion is a
serious problem.

REFERENCES

Asberg M (1997). Neurotransmitters and suicidal behavior: the
evidence from cerebrospinal fluid studies. In: Stoff D, Mann JJ
(eds). In Neurotransmitters and Suicidal Behavior: In The
Neurobiology of Suicide, Vol. 836. Academy of Sciences: New
York. pp 158–181.

Bernstein D, Ahluvalia T, Pogge D, Handlesman L (1997). Validity of
the Childhood Trauma Questionnaire in an adolescent psychiatric
population. Am J Child Adoles Psychiatry 36: 340–348.

Bernstein D, Fink L, Handlesman L, Foote J, Lovejoy M, Wenzel K
et al (1994). Initial reliability and validity of a new retrospective
measure of child abuse and neglect. Am J Psychiatry 151:
1132–1136.

Bennett A, Lesch P, Heils A, Long J, Lorenz J, Shoaf S et al (2002).
Early experience and serotonin gene variation interact to
influence primate CNS function. Mol Psychiatry 7: 118–122.

Caspi A, Sugden K, Moffit T, Taylor E, Craig I, Harrington H et al
(2003). Influence of life stress on depression: moderation by a
polymorphism in the 5-HTT gene. Science 386–389.

Darke S, Ross J (2002). Suicide among heroin users: rates, risk
factors and methods. Addiction 97: 1383–1394.

Eley T, Sugden K, Gregory A, McGuffin P, Plomin R, Craig I (2004).
Gene-environment interaction analysis of serotonin system
markers with adolescent depression. Mol Psychiatry 9: 908–915.

Fu Q, Heath A, Bucholz K, Nelson E, Glowinski A, Goldberg J et al
(2002). A twin study of genetic and environmental influences on
suicidality in men. Psychol Med 32: 11–24.

Childhood trauma and gene variation in suicide
A Roy et al

2051

Neuropsychopharmacology



Gillespie N, Whitfield J, Williams B, Heath A, Martin G (2005). The
relationship between stressful life events the serotonin trans-
porter (5-HTTLPR) genotype and major depression. Psychol Med
35: 101–111.

Glowinski A, Bucholz K, Nelson E, Fu Q, Madden P, Reich W et al
(2001). Suicide attempts in an adolescent female twin sample.
J Am Acad Child Adoles Psychiatry 40: 1300–1307.

Harris E, Barraclough B (1997). Suicide as an outcome for mental
disorder: a meta-analysis. Brit J Psychiatry 170: 205–228.

Heils A, Teufel A, Petri S, Stober G, Riederer P, Bengel D et al
(1996). Allelic variation of human serotonin transporter gene
expression. J Neurochem 66: 2621–2624.

Heinz A, Jones D, Mazzanti C, Goldman D, Ragan P, Hommer D
et al (2000). A relationship between serotonin transporter
genotype and in vivo protein expression and alcohol neurotoxi-
city. Biol Psychiatry 47: 643–649.

Higley D, King S, Hasert M, Champoux Suomi S, Linnoila M
(1996). Stability of interindividual differences in serotonin
function and its relationship to severe aggression and competent
social behavior in rhesus macaque females. Neuropsychophar-
macology 14: 67–76.

Higley D, Linnoila M (1997). Low central nervous system
serotonergic activity is trait-like and correlated with impulsive
behavior. A non-human primate model investigating genetic and
environmental influences on neurotransmission. In: Stoff D,
Mann JJ (eds). In Neurobiology of Suicide, Vol. 836. Annals of
New York Academy of Science: New York. pp 39–56.

Higley D, Mehlman P, Poland R, Taub D, Vickers J, Suomi S et al
(1998). CSF testosterone and 5-HIAA correlate with different
types of aggressive behaviors. Biol Psychiatry 40: 1067–1082.

Higley D, Suomi S, Linnoila M (1991). CSF monoamine
concentrations vary according to age, rearing, and sex and are
influenced by the stressor of social separation in rhesus
monkeys. Psychopharmacology 103: 551–556.

Higley D, Suomi S, Linnoila M (1992). A longitudinal assessment of
CSF monoamine metabolite and plasma cortisol concentrations
in young rhesus monkeys. Biol Psychiatry 32: 127–145.

Higley D, Thomspon W, Champoux M, Goldman D, Hasert M,
Kreamer G et al (1993). Paternal and maternal genetic and
environmental contributions to cerebrospinal monoamine me-
tabolites in rhesus monkeys (Macaca mulatto). Arch Gen
Psychiatry 50: 615–623.

Hser Y-I, Hoffman V, Grella C, Anglin M (2001). 3-year follow up
of narcotic addicts. Arch Gen Psychiatry 58: 503–508.

Hu X, Lipsky R, Zhu G, Akhtar L, Taubman J, Greenberg D et al
(2006). Serotonin transporter promoter gain of function
genotypes are linked to obsessive-compulsive disorder. Am J
Hum Genet 78: 815–826.

Johnson E, Fridell M (1997). Suicide attempts in a cohort of drug
abusers: a 5-year follow-up study. Acta Psychiatrica Scand 96:
362–366.

Kaufman J, Yang B-Z, Douglas-Palumberi H, Houshyar S, Lipschitz
D, Krystal J et al (2004). Social supports and serotonin
transporter gene moderate depression in maltreated children.
Proc Natl Acad Sci USA 101: 17316–17321.

Kendler K, Kuhn J, Vittum J, Prescott C, Riley B (2005). The
interaction of stressful life events and a serotonin transporter
polymorphism in the prediction of episodes of major depres-
sion. A replication. Arch Gen Psychiatry 62: 529–535.

Kosten T, Rounsaville B (1988). Suicidality among opioid addicts:
2.5 year follow up. Am J Drug Alcohol Abuse 14: 357–369.

Lesch P, Bengel D, Heils A, Sabol S, Greenberg D, Petri S et al
(1996). Association of anxiety-related traits with a polymorph-
ism in the serotonin transporter gene regulatory region. Science
274: 1527–1531.

Lin P-Y, Tsai G (2004). Association between serotonin transporter
gene promoter polymorphism and suicide: results of a meta-
analysis. Biol Psychiatry 55: 1023–1030.

Little K, McLaughlin D, Zhang L, Livermore C, Dalack G, McFinton
P et al (1998). Cocaine, ethanol, and genotype effects on human
midbrain serotonin transporter binding sites and mRNA levels.
Am J Psychiatry 155: 207–213.

Marzuk P, Tardiff K, Leon A, Stajic M, Morgan E, Mann JJ (1992).
Prevalence of cocaine use among residents of New York City
who committed suicide during a one-year period. Am J
Psychiatry 149: 371–375.

Mehlman P, Higley J, Faucher I, Lilly A, Taub D, Vickers J et al
(1994). Low CSF 5-HIAA concentrations and severe aggression
and impaired impulse control in nonhuman primates. Am J
Psychiatry 15: 1485–1491.

Petronis K, Samuels J, Moscicki E, Anthony J (1990). An
epidemiologic investigation of potential risk factors for suicide
attempts. Soc Psy Epidemiol 25: 193–199.

Preuss U, Schuckit M, Smith T, Darko G, Bucholz K, Hesselbrock
M et al (2003). Predictors and correlates of suicide attempts over
5 years in 1, 237 alcohol dependent men and women. Am J
Psychiatry 160: 56–63.

Ramamoorthy S, Bauman AL, Moore K, Han H, Yang-Feng T,
Chang A et al (1993). Antidepressant-and cocaine-sensitive
human serotonin transporter: Molecular cloning, expression,
and chromosomal localization. Proc Natl Acad Sci USA 90:
2542–2546.

Rogers J, Martin L, Comuzzie A, Mann JJ, Manuck S, Leland M
et al (2004). Genetics of monoamine metabolites in baboons:
overlapping sets of genes influence levels of 5-hydroxyindolea-
cetic acid, 3-hydroxy-4-methoxyphenylglycol, and homovanillic
acid. Biol Psychiatry 55: 739–744.

Roy A (2001). Characteristics of cocaine dependent patients who
attempt suicide. Am J Psychiatry 158: 1215–1219.

Roy A (2002). Characteristics of opiate dependent patients who
attempt suicide. J Clin Psychiatry 63: 403–407.

Roy A (2003). Characteristics of drug addicts who attempt suicide.
Psychiatry Res 121: 99–103.

Roy A, Lamparski D, DeJong J, Moore V, Linnoila M (1996).
Characteristics of alcoholics who attempt suicide. Am J
Psychiatry 147: 761–765.

Roy A, Linnoila M (1986). Alcoholism and suicide. Suicide Life
Threat Behav 16: 244–273.

Roy A, Linnoila M (1988). Suicidal behavior, impulsiveness and
serotonin. Acta Psychiatrica Scand 78: 529–535.

Statham D, Heath A, Madden P, Bucholz K, Bierut L, Dinwiddie S
et al (1998). Suicidal behaviour: an epidemiological and genetic
study. Psychol Med 28: 839–855.

Surtees P, Wainwright N, Willis-Owen S, Luben R, Day N, Flint J
(2006). Social adversity, the serotonin transporter (5-HTTLPR)
polymorphism and major depressive disorder. Biol Psychiatry
59: 224–229.

Westergaard G, Suomi S, Higley D, Mehlman P (1999). CSF 5-
HIAA and aggression in female macaque monkeys: Species and
inter-individual differences. Psychopharmacology 146: 440–446.

Wilhelm K, Mitchell P, Niven H, Finch A, Wedgwood L, Scimone A
et al (2006). Life events, first depression onset and the serotonin
transporter gene. Brit J Psychiatry 188: 210–215.

Williams R, Marchuk D, Gadde K, Barefoot J, Grichruik K, Helms
M et al (2003). Serotonin-related gene polymorphisms and
central nervous system serotonin function. Neuropsychophar-
macology 28: 533–541.

Zalsman G, Huang Y, Oquendo M, Burke A, Hu X, Brent D
et al (2006). Association or a triallelic serotonin transporter
gene pro-moter region (5-HTTLPR) polymorphism with stressful
life events and severity of depression. Am J Psychiatry 163:
1588–1593.

Zhou Z, Roy A, Lipsky R, Kuchipudi K, Zhu G, Taubman J et al
(2005). Haplotype-based linkage of tryptophan hydroxylase 2
(TPH2) with suicide, major depression, and CSF 5-HIAA in four
populations. Arch Gen Psychiatry 62: 1109–1118.

Childhood trauma and gene variation in suicide
A Roy et al

2052

Neuropsychopharmacology


	Interaction between Childhood Trauma and Serotonin Transporter Gene Variation in Suicide
	INTRODUCTION
	SUBJECTS AND METHODS
	RESULTS
	DISCUSSION
	References


