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arly Family Environment, Current Adversity,
he Serotonin Transporter Promoter Polymorphism,
nd Depressive Symptomatology

helley E. Taylor, Baldwin M. Way, William T. Welch , Clayton J. Hilmert, Barbara J. Lehman,
nd Naomi I. Eisenberger

ackground: Mixed evidence has suggested that homozygous carriers of the short allele (s/s) of the serotonin transporter gene-linked
olymorphic region (5-HTTLPR) may be at increased risk for depression, if they have also been exposed to early or current
dversity/stress. We address this debate by examining the relation of a stressful early family environment, recent adversity/stress, and

he 5-HTTLPR to depressive symptomatology in a normal sample.
ethods: A nonclinical sample of 118 young adult men and women completed assessments of early family environment, recent

tressful events, psychosocial resources, and psychological distress, including depressive symptomatology. The 5-HTTLPR was genotyped
sing a standard protocol with DNA extracted from oral fluid.
esults: A stressful early family environment was significantly related to depressive symptomatology. In addition, gene-by-

nvironment (G�E) interactions were observed between the 5-HTTLPR and both early family environment and current adversity/stress.
ndividuals homozygous for the short allele had greater depressive symptomatology if they had experienced early or recent adversity
ut significantly less depressive symptomatology if they reported a supportive early environment or recent positive experiences,
ompared with participants with the s/l or l/l genotype.
onclusions: Early or current environment, in conjunction with the serotonin transporter polymorphism, predicts depressive
ymptomatology.
ey Words: Serotonin transporter, depression, stress, early family
nvironment, 5-HTTLPR, gene/environment interaction

ecent investigations have found conflicting evidence con-
cerning the relationship between a polymorphism in the
promoter of the serotonin transporter gene (SLC6A4) and

isk for depression. This polymorphism (5-HTTLPR) consists of a
0–23 base pair sequence that is repeated either 14 (short) or 16
long) times, with the presence of the short (s) allele putatively
onferring greater risk for depression, particularly for people
ho have experienced stress recently or early in life. Caspi et al

2003) found that childhood maltreatment predicted adult diag-
osed depression among individuals carrying at least one copy
f the s allele. They also found that people with one or more s
lleles who were exposed to adult stressful life events were more
ikely to develop depression than those homozygous for the long
llele. Partial to full replications of this pattern have been
eported by Eley et al (2004), Grabe et al (2005), Kaufman et al
2004), Kendler et al (2005), and Wilhelm et al (2006). However,
urtees et al (2005) reported that adversity in childhood and
dulthood was associated with major depressive disorder, de-
ined by DSM-IV diagnostic criteria, but these relations did not
nteract with the 5-HTTLPR genotype. Gillespie et al (2005) also
eported no replication of the pattern identified by Caspi et al
2003).

We report on research designed to replicate the gene-by-
nvironment (G�E) interactions between the 5-HTTLPR and the
tressful early family environment and between the 5-HTTLPR
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and current stress/adversity on depressive symptomatology, as
assessed by the Beck Depression Inventory (BDI; Beck et al
1961), in a nonclinical sample of young adult men and women
participating in a study of stress processes. In addition, we
assessed whether depressive symptomatology is modulated by
psychosocial resources, including personal mastery, disposi-
tional optimism, self-esteem, and social support. Previous inves-
tigations have found such resources to buffer people against
psychological distress (Taylor et al 2003).

Methods and Materials

Participants
After obtaining approval from the Institutional Review Board

from the University of California, Los Angeles, members of the
UCLA campus community responded to an advertisement offer-
ing $60 for participation. Prospective participants with the fol-
lowing conditions were excluded: serious physical or mental
health problems; current treatment from a mental health profes-
sional; diagnosis of PTSD; and current use of mental health-
related medication (e.g., selective serotonin reuptake inhibitors).

A sample of 118 participants (51 men and 67 women)
participated. All were affiliated with UCLA as either employees,
students, or both. Participants ranged in age from 18 to 29 years,
with a median age of 20.6 years.

Participants reported to a computer laboratory where they
completed informed consent forms and individual difference
measures of psychosocial resources and psychological distress.
Psychosocial resource measures included the Life Orientation
Test, a measure of dispositional optimism (LOT; Scheier and
Carver 1985), the Rosenberg Self-Esteem scale (Rosenberg 1965),
the Pearlin Mastery Scale (Pearlin and Schooler 1978), and
measures of social support (Schuster et al 1990). Measures of
psychological distress included the BDI (Beck et al 1961), the
trait anxiety scale of the Spielberger State-Trait Anxiety Inventory
(STAI; Spielberger et al 1970), and the neuroticism scale of the

Big Five International Personality Scale (Goldberg 1999).

BIOL PSYCHIATRY 2006;60:671–676
© 2006 Society of Biological Psychiatry



o
B
i
f
b
(

A

n
i
t
o
q
b
n
(
m
p
L

4
(
i
s
a
a
b
f
w
m
i
s
a

l
6
e
A
s
f
e

G

L
G
f
A
5
p
1
1
p
o
d
d

1

672 BIOL PSYCHIATRY 2006;60:671–676 S.E. Taylor et al

w

Deoxyribonucleic acid (DNA) was obtained using the Orasure
ral specimen collection device (Orasure Technologies Inc.,
ethlehem, Pennsylvania). Samples were immediately placed on

ce in a cooler and transferred within the next few minutes to a
reezer. The samples were stored at –20°C for 12–18 months
efore being extracted using the Puregene DNA purification kit
Gentra Systems, Inc., Minneapolis, Minnesota).

ssessment of Early Family Environment and Current Stress
Early life stress was assessed via the Risky Families question-

aire. This questionnaire (Taylor et al 2004) was adapted from an
nstrument originally developed by Felitti et al (1998) to assess
he relation of family stress to mental and physical health
utcomes in adulthood. In previous research, we validated this
uestionnaire against clinical interviews conducted and coded
y trained clinical interviewers; the dual assessments (question-
aire and interview) demonstrated high agreement and reliability
Taylor et al 2004).1 The scale has been reliably tied to adverse
ental and physical health outcomes, including diagnosed de-
ression and depressive symptomatology (Felitti et al 1998;
ehman et al 2005; Taylor et al 2004).

Participants rated aspects of their early family environment on
-point scales ranging from 1 (rarely or none of the time) to 4
most or all of the time), with items including whether the
ndividual felt loved and cared for; was insulted, put down,
worn at, or made to feel threatened; was shown physical
ffection; was pushed, grabbed, shoved, or slapped; was verbally
bused; was physically abused; observed quarreling or shouting
etween parents; observed violence or aggression between
amily members; lived with a substance abuser; lived in a
ell-organized, well-managed household; and whether family
embers knew what the child was doing. Positively worded

tems were reverse-coded. Cronbach’s alpha was .86. Average
cores ranged from 1.00 to 3.54, with higher values representing
riskier family environment.
To assess current adversity/stress, participants were asked to

ist up to 10 major life events that had occurred in the past
months and rate their impact on a 7-point scale with labeled

ndpoints ranging from –3 “very negative” to �3 “very positive.”
total score was calculated for each subject across all events by

umming the participant’s ratings. Average total scores ranged
rom –21 to 13, with lower values representing more negative
vents.

enotyping
The 5-HTTLPR was identified using a protocol modified from

esch et al (1996). Briefly, the forward primer was 5=-GGC GTT
CC GCT CTG AAT GC-3= (labeled with 6-carboxyfluorescein

luorophore), and the reverse primer was 5=-GAG GGA CTG
GC TGG ACA ACC AC-3=, which yielded 484-bp (short) and
27-bp (long) fragments. Polymerase chain reaction (PCR) was
erformed in a total volume of 25 �L, containing 100 ng of DNA;
60 nM of each primer; 1 mM Tris-HCL (pH 8.3); 5 mM KCl;
.5 mM MgCl2; 2% DMSO (v/v); 2.5 U Amplitaq Gold DNA
olymerase (Applied Biosystems, Foster City, California); 200 �M
f dATP, dCTP, and dTTP; 100 �M of dGTP; and 7-deaza-2=-
GTP. Cycling conditions consisted of 1) an initial 5 min
enaturation at 94°C; (2) 8 cycles with denaturation for 30 sec at

The clinical interviews revealed that exposure to family conflict, espe-
cially fighting between parents, was a common family stressor. This
stressor did not appear in the original Felitti et al (1998) question-
naire, and so items addressing this dimension of family life were

added to the assessment.

ww.sobp.org/journal
94°C, varied annealing temperatures consisting of 30 sec at 66°C
(2 cycles), then 65°C (3 cycles), then 64°C (3 cycles), followed by
hybridization for 1 min at 72°C; (3) 35 cycles with an annealing
temperature of 63°C and the same denaturation and hybridiza-
tion parameters; and (4) a final extension for 20 min at 72°C. The
PCR products were electrophoresed on an ABI 3700 DNA
analyzer (Applied Biosystems) with a Mapmaker size standard
(Bioventures, Murfreesboro, Tennessee). Data collection and
analysis used GeneScan and Genotyper software (Applied Bio-
systems).

Results

Participants were divided according to genotype (s/s 27%, s/l
48%, l/l 25%), which conformed to Hardy–Weinberg equilibrium.
An analysis of variance with genotype group (s/s, s/l, and l/l) and
risky families (split at median of 2.00) as the two independent
variables was conducted on depressive symptomatology, as
assessed by the BDI. Results revealed no main effect for geno-
type but a significant main effect for risky families, such that
participants from a risky family environment had higher levels of
depressive symptomatology, F (1, 110) � 4.07, p � .046, repli-
cating findings from our previous investigations.

In addition, there was a significant interaction between 5-
HTTLPR and early family environment, F (2, 110) � 4.99, p �
.008. As Figure 1 shows, s/s participants were at greater risk for
depressive symptomatology if they came from an early adverse
environment and at reduced risk for depressive symptomatology
if they came from an early supportive environment (t (31) �
2.932, p � .006), relative to participants with the s/l (t (54) �
1.131, p � .263) and l/l variants (t (25) � 1.128, p � .270); that is,
family environment did not significantly moderate risk for de-

Figure 1. Relationship of risky family environment and 5-HTTLPR genotype
to depressive symptomatology.
pressive symptomatology among s/l or l/l individuals. In addi-
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ion, individual comparison tests within the supportive family
nvironment groups revealed that the apparent protective effect
f the s/s genotype is significant (comparing s/s versus combined
/l and l/l groups within supportive families t (60) � 2.049), p �
045). Comparisons of the harsh family environment groups
evealed a marginally significant difference between the s/s
enotype and the combined s/l and l/l groups (t (66) � 1.696,
 � .095). We repeated the analyses with scores on the Spiel-
erger et al (1970) state-trait anxiety measure as the dependent
ariable; there were no main effects for risky families or geno-
ype and no interaction (all ps � .10). No psychological resource
easures showed this distinctive interaction either, and no
sychosocial resources significantly moderated the interaction.

An analysis of variance with genotype (s/s, s/l, l/l) and recent
dversity/stress (split at median of –1.00) as the two independent
ariables was conducted on the BDI scores. Results revealed no
ain effect of stress or genotype. However, there was a signifi-

ant interaction that mirrors the results for early family environ-
ent, F (2, 107) � 8.88, p � 0.024;2 specifically, as Figure 2

hows, participants with the s/s genotype were at greater risk for
epressive symptomatology if they had experienced more neg-
tive events during the previous 6 months and at lesser risk for
epressive symptomatology if they had experienced more posi-
ive events (t (29) � 2.596, p � .015), relative to those with the s/l
t (54) � .603, p � .549) or the l/l variant (t (24) � .670, p � .509)
enotype (see Figure 2). In addition, individual comparison tests
evealed that the apparent protective effect of the s/s genotype in
ow stress environments is significant (comparing s/s versus

Degrees of freedom very slightly due to missing data; three participants

igure 2. Relationship of current stress and 5-HTTLPR genotype to depres-
ive symptomatology.
reported no major life events during the previous 6 months.
combined s/l and l/l variants in low stress condition t [68] �
2.179, p � .033). Comparisons of the high-stress environment
groups revealed a marginally significant difference between the
s/s genotype and the combined s/l and l/l groups (t [48] � 1.745,
p � .087). Recent adversity/stress was not significantly correlated
with early risky family environment (r � 0.23, p � .22), indicating
that these two sets of analyses are largely independent of each
other. We repeated these analyses with the Spielberger et al
(1970) anxiety measure as the dependent variable, and there
were no significant effects (all ps � .10).

We examined whether there were differences in these pat-
terns as a function of gender and ethnicity. Men and women both
showed this interactive pattern, although the effects are signifi-
cant only for women because of the reduced sample sizes. Two
large ethnic subgroups comprised approximately two thirds of
the sample, specifically Asian-Americans (n � 45) and European-
Americans (n � 40). There were no significant differences
between these two groups on risky family scores, current stress,
or depressive symptomatology. However, there were significant
ethnic differences in allelic variation of the serotonin transporter
gene, such that Asian-Americans were overrepresented in the s/s
category and European-Americans were overrepresented in the
l/l category, X2(2) � 13.163, p � 0.005. To ensure that the G�E
interaction between 5-HTTLPR and early family environment was
not explained by ethnicity, we compared the depressive symp-
tomatology of Asian versus Non-Asian s/s participants from risky
(Asian � 10.10; Non-Asian � 8.88) versus non-risky (Asian �
3.88; Non-Asian � 2.40) early environments. As these means
suggest, the difference in depressive symptoms as a function of
risky family background was present for both ethnic groups at
approximately the same magnitude and did not differ between
the two groups (p � 0.958). To ensure that the G�E interaction
between 5-HTTLPR and current stress was not explained by
ethnicity, we compared the depressive symptomatology of Asian
versus Non-Asian s/s participants with high (Asian � 10.50;
Non-Asian � 8.00) versus low (Asian � 3.88; Non-Asian � 3.80)
current stress scores. As these means indicate, the difference in
depressive symptoms as a function of current stress was present
for both Asians and Non-Asians at approximately the same
magnitude and did not differ between the two groups (p � .662).

Discussion

This investigation identified a significant G�E interaction
between a stressful early family environment and the 5-HTTLPR
on depressive symptomatology. A similar significant interaction
was found between current adversity and the 5-HTTLPR on
depressive symptomatology. The specific form of these G�E
interactions indicates that the s/s genotype of the 5-HTTLPR
appears to be protective against depressive symptomatology in a
supportive early or current environment but enhances the risk for
depressive symptomatology in a high-stress early or current
environment. The pattern was distinctive to depression, as
opposed to other forms of psychological distress. Specifically,
anxiety as assessed by the Spielberger et al (1970) anxiety
measure did not show these same interactions. The fact that the
s/s genotype is implicated in depression but not anxiety or other
assessments of psychological distress is consistent with Kendler
et al’s (2005) findings. In addition, the interactions were not
significantly modulated by psychosocial resources, including
optimism, self-esteem, personal mastery, or social support. An
early stressful environment by itself predicted depressive symp-

tomatology, consistent with previous investigations (Lehman

www.sobp.org/journal
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t al 2005; Taylor et al 2004). Neither current adversity/stress nor
-HTTLPR genotype alone predicted depressive symptomatol-
gy. Overall, these patterns are notable not only for demonstrat-
ng a true crossover interaction between adversity and the
-HTTLPR genotype, but also because they occurred in families
n which the degree of adversity was fairly mild, consisting of
ome conflict, moderate household chaos, and/or cold, unaffec-
ionate and distant behaviors. No instance of physical or sexual
buse was identified, for example.

Inconsistencies among previous efforts to demonstrate G�E
nteractions between an early or current stressful environment
nd the 5-HTTLPR on risk for depression or depressive symp-
omatology may be attributable to several factors. First, the
nteraction appears to implicate only those with the s/s and not
he s/l genotype. Thus, studies in which s/s and s/l participants
re grouped together could reduce or obscure the interaction.

Second, studies that use a dependent variable with a restricted
ange (such as diagnosed depression), rather than a more
ontinuous variable (such as depressive symptomatology),
ould identify only the fact that the s/s genotype in conjunction
ith stress enhances risk for depression; depending on the

pecific statistical techniques used, it would not necessarily
dentify the protective effects of the s/s genotype in the context
f a supportive or low-stress environment. Essentially, then, the
tatistical test on a dependent variable with a restricted range
ould test only half of the interaction. Moreover, if the sample is
normal sample that includes lots of supportive families, then

he baserate for s/s variant individuals with diagnosed depres-
ion would include two contributing factors that could poten-
ially offset each other; that is, the number of cases demonstrating
he protective effect of the s/s variant in a low-stress environment
ould offset the number of cases, demonstrating the enhanced
isk of diagnosed depression among s/s variant participants in
igh-stress environments.

A third factor contributing to irregular results relating stress
nd 5-HTTLPR genotype to depression or depressive symptom-
tology concerns whether the predictor variables have a re-
tricted or continuous range. The protective effects of the s/s
enotype are most evident in people who report a supportive
arly environment or recently experienced positive life events. If
nly predictors associated with risk are included (i.e., only
tressors in early childhood or adulthood and not beneficial
xperiences), then the strength of the interaction will be under-
stimated.

Fourth, in the current study, the assessment of early family
nvironment was based on a standardized measure that has been
ound in previous studies to predict both depressive symptom-
tology and diagnosed depression (Felitti et al 1998; Lehman et al
005; Taylor et al 2004). Moreover, it assesses a chronically
tressful early environment, which may be more likely to reveal
G�E interaction than exposure to discrete stressful events, a
easure that has been used in some previous studies (e.g., Caspi

t al 2003; Surtees et al 2006).
An additional factor that may have accounted for the signifi-

ant results of this investigation was the relative youthfulness of
he sample. Previous investigations (Surtees et al 2006; Gillespie
t al 2005) have speculated that gene-environment interactions
ay be more evident in younger than in older samples. More-
ver, because our young adult participants had lived at home
ith their families until relatively recently, the assessment of
arly family environment may also have been more reliable,
elative to reconstructions made by older adults.
A few prior investigations present graphic data suggestive of

ww.sobp.org/journal
the same cross-over interaction we report, but they do not
comment on the protective effects of the s/s in low-stress
environments (e.g., Eley et al 2004; Wilhelm et al 2006). These
articles, along with the statistically significant protective effect in
the current study, suggest that this crossover interaction is
reliable. The protective effects of the s/s genotype in the context
of a supportive family environment and the reversal in the
context of an adverse early family environment also mirror
findings from animal research. For example, Suomi (1999) re-
ported that temperamentally impulsive rhesus monkeys raised in
the tumultuous environment of the peer group show adverse
psychosocial outcomes, including poor social skills, labile emo-
tionality, and low position in the dominance hierarchy, whereas
those raised by their mothers achieve greater than average
psychosocial outcomes, often rising to the top of the dominance
hierarchy. The crossover G�E interaction reported here may
reflect similar dynamics.

This crossover interaction has potentially important impli-
cations for the study of the 5-HTTLPR gene because it suggests
that the s/s genotype is not a risk factor for depression so
much as it reflects a sensitivity to environmental influence; in
benign environments, that sensitivity assumes a protective
form, and in harsh environments, it confers risk for depres-
sion. As the 5-HTTLPR polymorphism lies within the upstream
regulatory region of the serotonin transporter gene, it may be
poised to modulate transporter expression in response to
environmental factors. For example, in vitro, cells (B-lympho-
blastoid) homozygous for the short allele have a greater
increase in transporter expression in response to glucocorti-
coid exposure than cells homozygous for the long allele (Glatz
et al 2003).

These findings may have implications for the search for other
“disease” genes or “psychopathology” genes as well, in that a
narrow search for a risk factor may obscure the broader behav-
ioral implications of a genetic variant. This point also under-
scores the fact that, without considering the full range of
predictor and outcome variables, the multiple forms and mean-
ing of phenotypes associated with a particular genotype may be
obscured (c.f., Manuck et al 2004).

A complicating factor in the interpretation of these results is
the ethnic difference in allelic distribution in the serotonin
transporter genotype (Gelernter et al 1997). Although the pattern
of increased depressive symptomatology in a stressful early or
current environment and lower levels of depressive symptom-
atology in supportive or less stressful environments held for both
Asians and Non-Asians with the s/s genotype, it is not entirely
clear what ethnicity may contribute to the dynamics of these
processes, and so these differences warrant additional investiga-
tion. The ethnic differences in the distribution of the serotonin
transporter polymorphism do raise an intriguing question as to
whether cultural conventions may develop to modulate genetic
variations such as these. Asian cultures have been referred to as
interdependent, characterized by viewing the individual as part
of encompassing social relationships and subject to the thoughts,
feelings, and actions of others in the social group (Markus and
Kitayama 1991). This characterization is in contrast to the inde-
pendent self, more common among European-Americans, which
is characterized as a more distinctive independent functioning
unit. It is conceivable that this robust cultural difference may
have developed at least in part to modulate potential genetic risk
conferred by s/s, given its high frequency in Asian populations,

by ensuring a strong family and social environment (see Laland
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993, for a discussion of gene-culture co-evolution). Currently,
hese are merely intriguing speculations.

imitations
A first potential limitation consists of the fact that we mea-

ured depressive symptomatology and not diagnosed depres-
ion. Thus, the clinical significance of the findings is unclear. As
oted, however, without examining depressive symptomatology
s a continuous variable, it would have been difficult to see the
articular form of the crossover interaction identified here,

nvolving the protective effects of the s/s genotype in the context
f a supportive family environment and a low-stress current
nvironment.

A related concern is that the sample is a nonclinical one.
owever, as noted, we suggest that there may be certain
dvantages to exploring G�E interactions in nonclinical samples
ith measures that cover the full range of the outcome variable

n question. Specifically, identifying factors that contribute to risk
or clinical disorders in normal samples may enable clinical
esearchers to more precisely pinpoint what additional cofactors
re implicated in diagnosed pathology, including other genetic
olymorphisms, intensely stressful life experiences, or other risk
actors.

The G�E interaction for early family environment reported
ere was found in a nonclinical sample in which the “riskiness”
f the early environments of participants was relatively modest.
here was, for example, no evidence of extreme physical or
exual abuse. No participant with a diagnosed major mental
isorder or a PTSD diagnosis was included in the study. The
indings, thus, suggest that even moderate family conflict and
istress may be tied to an enhanced risk for depressive symp-
omatology.

Assessment of family environment involves reconstruction by
hese young adult participants and thus may engage certain
iases. Most problematic is the potential for a negative emotional
verlay to influence the reconstruction of early environment as
ell as reports of depressive symptomatology. Such a reporting
ias could conceivably affect the main effect of early family
nvironment on depressive symptomatology, although it could
ot account for the G�E interaction. Several other factors also
uggest that a reporting bias does not account for risky family
ssessments. The instrument on which the risky family assess-
ent is based has demonstrated a dose-response relationship to
broad array of diagnosed mental and physical health outcomes

depression, cancer, CHD) (Felitti et al 1998), and a response bias
s highly unlikely to yield such effects. Moreover, in previous
nvestigations, we have formally evaluated statistical models that
ive psychosocial functioning causal priority to see whether it
xplains the reconstruction of childhood events (Taylor et al
004; Lehman et al 2005). In all cases, this alternative model is a
eak fit to the data.
Finally, the small sample size is a limitation that may have

bscured weak effects, such as a main effect of current stress or
enotype on depressive symptomatology, for example. Replica-
ion with a larger sample is highly desirable.

onclusions
A stressful early family environment contributes directly and

n interaction with the serotonin transporter polymorphism to
epressive symptomatology. Specifically, the s/s genotype is
ssociated with greater depressive symptomatology in offspring
rom stressful early family environments and with lower depres-

ive symptomatology among offspring from supportive families.
The same G�E interaction was found for the effects of current
stress and the 5-HTTLPR on depressive symptomatology as well.
The pattern was distinctive to depression, as opposed to other
measures of psychosocial distress (e.g., anxiety), and it was not
significantly affected by psychosocial resources normally found
to be protective against psychological distress. We conclude that
explorations of genetic contributions to clinical disorders will be
facilitated by examining the full range of the predictor and
outcome variables in question, if crossover G�E interactions are
to be detected. (Bennett et al., 2002; Champoux et al., 2002;
Eysenck and Eysenck, 1975; Kendler et al., 1998).
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