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Background: Genetic and environmental factors shape life-long vulnerability to depression, but
most gene–environment interaction (G×E) research has focused on cross-sectional assessments
rather than life-course phenotypes. This study tests the hypothesis that the G×E involving the
length polymorphism in the serotonin-transporter-gene-linked-promoter-region (5-HTTLPR) and
childhood maltreatment is specific to depression that runs a persistent course in adulthood.
Methods: The hypothesis is tested in two cohorts. Men and women in the Dunedin Study
(N=847), New Zealand, followed to age 32 years with 96% retention and women in the E-Risk
Study (N=930), England, followed to age 40 years with 96% retention. Diagnoses of past-year
major depressive episode were established at four separate assessments. Depression diagnosed
on two or more occasions was considered persistent.
Results: In both cohorts, statistical tests of gene–environment interactions showed positive results
for persistent depression but not single-episode depression. Individuals with two short 5-HTTLPR
alleles and childhood maltreatment had elevated risk of persistent but not single-episode
depression.
Limitations: Some cases of recurrent depression may have been misclassified as single-episode
due to non-contiguous assessment windows, but this would have a conservative effect on the
findings. Chronic and recurrent depression could not be reliably distinguished due to non-
contiguous periods of assessment. Therefore, the term persistent depression is used to describe
either chronic or recurrent course.
Conclusions: The specific effect on persistent depression increases the significance of this G×E for
public health. Research that does not distinguish persistent course may underestimate G×E
effects and account for some replication failures in G×E research.
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1. Introduction

There is growing appreciation that chronic diseases in
adulthood have their roots in early experiences during
childhood (Ben-Shlomo and Kuh, 2002; Hertzman, 1999).
This is also true for depression, one of the most disabling
diseases globally (Danese et al., 2008; Murray and Lopez,
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1997). Although adversity at every stage of life contributes to
the risk of depression, the effects of childhood experiences
are most profound and enduring (Brown et al., 2008;
Cicchetti and Rogosch, 2009). Childhood maltreatment, in
the form of abuse or neglect, is unfortunately a common
experience (Hussey et al., 2006; May-Chahal and Cawson,
2005), and is associated with a 50% increase in the odds of
depression in adult life (Widom et al., 2007; Wise et al.,
2001). Although childhood maltreatment is a potent risk
factor, there are substantial individual differences in outcome
and many individuals who experienced maltreatment during
childhood remain healthy (Caspi et al., 2010; Cicchetti and
Rogosch, 2009).

It has been proposed that individual differences in vulner-
ability to maltreatment are partially genetically mediated by a
common functional length polymorphism in the promoter
sequence of the serotonin transporter gene (5-HTTLPR) (Caspi
et al., 2003). This hypothesis was supported in a number of
studies focusing on threatening events in which physical,
sexual, or relational harm against children was carried out or
intended (Aguilera et al., 2009; Aslund et al., 2009; Benjet et al.,
2010; Cicchetti et al., 2007; Kaufman et al., 2004; Kumsta et al.,
2010; Sugden et al., 2010), but inconsistent results have also
been reported, especially in studies of childhood adversities
other thanmaltreatment (Araya et al., 2009; Ritchie et al., 2009;
Surtees et al., 2006; Wichers et al., 2008). Although the most
recent and complete meta-analysis has confirmed that the 5-
HTTLPR significantly moderates the depressogenic effects of
childhood maltreatment (Karg et al., 2011), these inconsistent
results require explanation.

One source of discrepant results may be cross-study
inconsistency in the measurement of depression. While the
liability to developing depression resulting from childhood
maltreatment is life-long, themanifestations of depression are
often episodic and their duration and course vary between
individuals (Eaton et al., 2008; Judd, 1997; Rhebergen et al.,
2009; Solomonet al., 1997). Chronic or recurrent depression is
more heritable (Foley et al., 1998;McGuffin et al., 1996) and is
more strongly associated with childhood maltreatment
(Wiersma et al., 2009) than depression diagnosed at a single
time point. Moreover, the influence of childhood maltreat-
ment on depression persistence is direct and cannot be
accounted for by more proximal circumstances (Brown et al.,
2008). These observations led Brown and Harris (2008) to
hypothesize that genetic sensitivity to childhood maltreat-
ment should be specific to depression that is chronic or
recurrent.

The present article reports the first test of this hypothesis.
Because retrospective assessment of depression is unreliable
(Moffitt et al., 2010; Schraedley et al., 2002), a valid test
requires longitudinal datasets with repeated assessments.We
use data from two population-based cohorts, where depres-
sion was assessed on four separate occasions in adulthood
with the same diagnostic instrument. The first cohort
provides analyses of new data from the Dunedin longitudinal
study and the second cohort offers an opportunity to replicate
findings in a new dataset. We examine genetic sensitivity to
childhood maltreatment in relation to (a) persistent depres-
sion, (b) single-episode depression and (c) past-year depres-
sion diagnosed at each of the four separate assessment
occasions. Comparisons of G×E results for single-episode
versus persistent depression test the hypothesis proposed by
Brown and Harris (2008). Analyses of past-year depression
are comparable to G×E studies that have focused on cross-
sectional measurements rather than longitudinal phenotypes.
Comparisons of G×E results for depression diagnosed on any
given occasion versus persistent depression allow us to gauge
the possible contribution of cross-sectional measurement to
inconsistencies in the literature.

2. Methods

2.1. Cohorts

Participants in the first sample were members of the
Dunedin Multidisciplinary Health and Development Study. Of
infants born in Dunedin, New Zealand, between April 1972
and March 1973, 1037 (91% of eligible births; 52% male)
participated in the first assessment at age 3. Assessments
were undertaken at ages 3, 5, 7, 9, 11, 13, 15, 18, 21, 26 and
most recently at age 32 when we assessed 96% of the 1015
Study members still alive in 2004–2005. Genetic data were
available for 97% participants. To minimize the risk of
artefacts due to population stratification, only 847 Caucasians
were included. Study members gave written informed
consent before participating. The Otago Ethics Committee
approved each phase of the study.

Participants in the second sample were mothers of twins
in the Environmental Risk (E-Risk) Longitudinal Twin Study.
The E-Risk sample was formed in 1999–2000, when 1116
mothers with 5-year-old twins (93% of eligible families)
underwent home-visit assessments (Moffitt, 2002). The
women were, on average, 33 years old (SD=5.8; range 20–
48) at the initial assessment. Three additional assessments
were undertaken when they were, on average, 35, 38, and
40 years old. Attrition wasminimal and the last assessment in
2007–2008 included 96% of the women. Genetic data were
available for 94% participants. To minimize population
stratification, only 930 Caucasian women were included.
Women gave written informed consent before participating.
The Maudsley Hospital Ethics Committee approved each
phase of the study.

2.2. DNA extraction and genotyping

In Dunedin, DNA was obtained from blood (93%) or buccal
swabs (7%). In E-Risk, DNA was obtained from buccal swabs.
Genotyping was carried out in the same laboratory, by a
technician blind to data on maltreatment and depression.
Genotyping of 5-HTTLPR was carried out following a standard
protocol(Gelernter et al., 1997) with forward primer sequence
5′-ATGCCAGCACCTAACCCCTAATGT-3′ and reverse primer se-
quence 5′-GGACCGCAAGGTGGGCGGGA-3′. This amplifies a
419 base pair product for the 16 repeat (‘long’) allele and a
375 base pair product for the 14 repeat (‘short’) allele. PCR was
carried out on a PTC-225 DNA engine (MJ Research). Products
were separated on a 2.5% agarose gel (MultiABgarose, ABgene)
supplemented with Ethidium bromide (0.03%,BDH) and visua-
lised by ultraviolet transillumination. Genotypes were double
called. Genotype frequencies for both samples were in Hardy–
Weinberg equilibrium (Dunedin χ2(1)=1.913; p=0.1666; E-
Risk χ2(1)=0.075; p=0.7835).
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2.3. Childhood maltreatment

In Dunedin, we used the maltreatment measure described
previously (Caspi et al., 2003). Evidence of childhood
maltreatment between ages 3 and 11 years was ascertained
from five sources. Three sources were prospective:
(a) observations by researchers of rejecting mother–child
interactions at age 3; (b) parental reports of harsh discipline
at ages 7 and 9; (c) multiple changes of the child's primary
caregiver during the first decade of life. Two sources were
retrospective: study members' reports in adulthood of
(d) physical and (e) sexual abuse. A cumulative exposure
index was derived from the number of maltreatment
experiences during the first decade of life; 64% of the cohort
experienced no maltreatment, 27% experienced probable
maltreatment (1 indicator), and 9% experienced definite
maltreatment (2 or more indicators). There was no associa-
tion between the 5-HTTLPR and childhood maltreatment in
Dunedin (χ2(2)=1.67, p=0.80).

In E-Risk, women completed the Childhood Trauma
Questionnaire (CTQ) (Bernstein and Fink, 1998) when they
were on average 40 years old. The CTQ inquires about five
domains of childhoodmaltreatment: emotional, physical, and
sexual abuse, and emotional and physical neglect. The validity
of the CTQ has been established and scoring has been derived
for each of the five domains with 0 = no maltreatment, 1 =
mild maltreatment, 2 = moderate maltreatment, and 3 =
severe maltreatment (Bernstein and Fink, 1998). Since our
hypothesis was not specific to a particular category of
maltreatment, we used the average of the five domain scores
as a continuous indicator of maltreatment, comparable to
earlier G×E investigations involving the CTQ (Aguilera et al.,
2009). There was no association between the 5-HTTLPR and
childhood maltreatment in E-Risk (χ2=0.81, p=0.37).

2.4. Measuring adult depression

Past-year diagnosis of major depression (MDD) was
assessed at four separate time-points in each study, providing
four non-overlapping one-year-long assessment windows. In
Dunedin, MDD was evaluated when Study members were
ages 18, 21, 26, and 32 years. In E-Risk, MDD was evaluated
when study members were, on average, ages 33, 35, 38, and
40 years. In both studies, MDD diagnosis was establishedwith
the Diagnostic Interview Schedule (DIS; Robins et al., 1989;
Robins et al., 1995) to obtain DSM-IV diagnosis of MDD
(American Psychiatric Association, 1994). Functional impair-
ment was required for diagnosis. We created six outcome
variables. Persistent depression, the primary outcome variable,
was operationally defined as the presence of past-year MDD
at two or more of the four assessments. Single-episode
depression (diagnosed on only one of the four occasions)
was used for comparison to establish the specificity of the
persistence hypothesis. Time 1 depression was a diagnosis of
past-year MDD at the first assessment (age 18 in Dunedin and
mean age 33 in E-Risk). Time 2 depressionwas past-year MDD
at the second assessment (age 21 in Dunedin and mean age
35 in E-Risk). Time 3 depression was past-year MDD at the
third assessment (age 26 in Dunedin and mean age 38 in E-
Risk). Time 4 depression was past-year MDD at the fourth
assessment (age 32 in Dunedin and mean age 40 in E-Risk).
2.5. Statistical analyses

It has been proposed that gene–environment interactions
(G×E) should be conceptualized as departures from additiv-
ity of risks between genetic and environmental factors, as
such departures most likely correspond to biological causal
mechanisms involving both genetic and environmental
factors (Rothman et al., 2008; Schwartz, 2006). To follow
this recommendation, we tested G×E in a generalized linear
model from the binomial family with identity link estimating
risk differences for binary outcomes (Wacholder, 1986).
Effects of first-order predictors and interaction terms were
quantified as risk differences (RD) with 95% confidence
intervals (95%CI). RD reflects the absolute increase in
probability of depression for each unit of the predictor. For
the test of 5-HTTLPR, RD is the absolute increase in the
probability of depression with each short allele (e.g. an RD of
0.05 would mean that each short allele increases the risk of
depression by 5%). For the test of childhood maltreatment,
the RD is the absolute increase in the probability of
depression with each grade of maltreatment (e.g. an RD of
0.1 in the Dunedin study would mean that the probability of
depression increases by 10% with probable as opposed to no
maltreatment and with definite as opposed to probable
maltreatment). For the test of the 5-HTTLPR-maltreatment
interaction, RD is the increase in the probability of depression
per each short allele and unit level of childhoodmaltreatment
over and above the summation of risks of genotype and
maltreatment. Tests of the same hypothesis in the two
samples were combined with the Fisher's trend method,
taking into account the direction of effect (Fisher, 1932).

An important decision in the analysis of G×E is the
selection of a genetic model. Each individual carries two
copies of the serotonin transporter gene, and each of these
two copies may contain either themore common long variant
or the less common short variant, resulting in three possible
genotypes: long–long (LL), long–short (LS), and short–short
(SS). Although there is agreement that the short variant
confers sensitivity to the depressogenic effects of adversity,
studies differ in whether one or two short alleles are needed
(i.e. whether the “sensitivity” effect is dominant or recessive)
or whether the sensitivity increases gradually with the
number of short alleles (i.e., an additive genetic model). A
synthesis of current evidence does not support any of the
genetic models above the others (Caspi et al., 2010; Uher and
McGuffin, 2008) and it has been suggested that all three
genetic models should be tested and reported in studies of
G×E in order to build a transparent, cumulative database
(Uher and McGuffin, 2008). Therefore, we test and report the
results of additive, recessive and dominant genetic models.

3. Results

3.1. Evaluating the interaction between the 5-HTTLPR short
allele and childhood maltreatment in predicting persistent adult
depression

Persistent depression was operationally defined as meet-
ing diagnostic criteria for major depression on two or more of
the four assessment occasions in adulthood. In the Dunedin
cohort, 138 individuals (16.3%) fulfilled criteria for persistent
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depression. In the E-Risk cohort, 117 (12.6%) fulfilled criteria
for persistent depression. Fig. 1 shows the association
between childhood maltreatment and persistent depression
by 5-HTTLPR genotype in Dunedin (Panel A) and E-risk
(Panel B).

We began by evaluating genetic (5-HTTLPR) and environ-
mental (childhood maltreatment) main effects. There was no
consistent association between 5-HTTLPR and persistent
depression in either cohort (Table 1). In contrast, childhood
maltreatment was strongly associated with persistent de-
pression in both cohorts (Table 2). Individuals who were
maltreated in childhood were significantly more likely to
experience persistent depression in adulthood, in Dunedin
(RD of 8.2% per level of maltreatment, p=0.0002) and in E-
Risk (RD of 15.7% per level of maltreatment, pb0.0001).

Next, we evaluated G×E. As illustrated in Fig. 1, carriers of
two 5-HTTLPR short alleles who were exposed to definite/
severe maltreatment in childhood had the highest risk of
persistent depression, in Dunedin (Panel A) and in E-risk
(Panel B). Table 3 shows the results of statistical tests
evaluating this G×E. Under the additive genetic model, the
G×E was significant in Dunedin (P=.0119) and approached
significance in E-Risk (P=.0516). Under the recessive genetic
model, the G×E was significant in both Dunedin (P=.0330)
and E-Risk (P=.0004). Under the dominant genetic model,
Fig. 1. Proportion of individuals with persistent depression (panels A, B) and single
transporter genotype in the Dunedin (panels A, C) and E-Risk (panels B, D) cohort
depression at two or more of the four assessments by level of childhood maltr
maltreatment is a composite trichotomous measure based on observer ratings, pare
risk study, maltreatment is a rounded average score on the Childhood Trauma Ques
individuals included in each subgroup is given above each bar.
the interaction was significant in Dunedin (P=.0403), but
not in E-Risk (P=0.6115). When the Dunedin and E-risk
results were combined with the Fisher's trend method, the
G×E was significant under additive (P=.003) and recessive
(P=.0001) models.

3.2. Comparison with single-episode depression

In order to test the hypothesis that the G×E is specific to
persistent depression, we compared results for persistent
depression with results for single-episode depression (i.e.,
depression diagnosed on only one of the four measurement
occasions in each cohort) (Fig. 1). In Dunedin, 208 individuals
(24.6%) fulfilled criteria for single-episode depression. In E-
Risk, 171 (18.4% of the sample) had single-episode depres-
sion. Single-episode depression was unrelated to 5-HTTLPR
genotype (Table 1). The relationship between single-episode
depression and childhood maltreatment was weaker and
inconsistent across cohorts (Table 2). None of the G×E tests
with single-episode depression as the outcome showed
significant results (smallest P=0.099), and there was no
significant interaction effect even when the samples were
combined with the Fisher's trend method (Table 3). Exam-
ination of estimates and confidence intervals reveals that the
differences between results for single-episode and persistent
-episode depression (panels C, D) by childhood maltreatment and serotonin
s. The y axis shows the probability of being diagnosed with past year major
eatment and 5-HTTLPR genotype (LL, SL, and SS). In the Dunedin cohort,
nt reports and self-reports (0 = None, 1 = Probable, 2 = Definite). In the E-
tionnaire (0 = None, 1 = Mild, 2 = Moderate, 3 = Severe). The number of



Table 1
Effect of 5-HTTLPR on depression in the Dunedin and E-risk cohorts. The outcomes are persistent depression, single-episode depression, and depression in each o
the four assessment years. Abbreviations: RD risk difference, 95%CI confidence interval of the RDD estimate, p probability of result being due to chance.

Dunedin E-risk

RD 95%CI p RD 95%CI p

Lower Upper Lower Upper

Additive genetic model
Persistent depression 0.0297 −0.0168 0.0761 0.2107 0.0092 −0.0276 0.0460 0.6237
Single-episode depression 0.0270 −0.0228 0.0768 0.2878 −0.0186 −0.0589 0.0218 0.3675
Time 1 depression 0.0123 −0.0263 0.0510 0.5319 0.0085 −0.0219 0.0388 0.5846
Time 2 depression 0.0128 −0.0235 0.0491 0.4886 −0.0076 −0.0381 0.0229 0.6253
Time 3 depression 0.0189 −0.0172 0.0549 0.3056 0.0140 −0.0153 0.0433 0.3496
Time 4 depression 0.0142 −0.0228 0.0511 0.4530 0.0133 −0.0183 0.0449 0.4086

Recessive short allele model
Persistent depression 0.0762 −0.0140 0.1665 0.0978 0.0648 −0.0089 0.1385 0.0849
Single-episode depression 0.0186 −0.0732 0.1104 0.6911 −0.0177 −0.0918 0.0563 0.6388
Time 1 depression 0.0532 −0.0216 0.1279 0.1631 0.0157 −0.0421 0.0736 0.5945
Time 2 depression 0.0148 −0.0521 0.0817 0.6653 0.0102 −0.0479 0.0684 0.7301
Time 3 depression 0.0333 −0.0351 0.1016 0.3399 0.0236 −0.0339 0.0810 0.4211
Time 4 depression 0.0642 −0.0085 0.1369 0.0836 0.1066 0.0383 0.1748 0.0022

Dominant short allele model
Persistent depression 0.0183 −0.0492 0.0859 0.5947 −0.0190 −0.0740 0.0361 0.4998
Single-episode depression 0.0441 −0.0269 0.1150 0.2237 −0.0290 −0.0889 0.0309 0.3423
Time 1 depression −0.0060 −0.0629 0.0508 0.8357 0.0086 −0.0354 0.0527 0.7009
Time 2 depression 0.0177 −0.0346 0.0700 0.5071 −0.0242 −0.0703 0.0218 0.3030
Time 3 depression 0.0196 −0.0324 0.0715 0.4601 0.0158 −0.0259 0.0575 0.4587
Time 4 depression −0.0081 −0.0628 0.0465 0.7712 −0.0303 −0.0778 0.0172 0.2115

60 R. Uher et al. / Journal of Affective Disorders 135 (2011) 56–65
depression are substantial, with estimates for single episode
depression falling outside the 95% confidence intervals of
estimates for persistent depression in three out of the six
comparisons (Table 3).
3.3. Evaluating the interaction between the 5-HTTLPR short
allele and childhood maltreatment in predicting cross-sectional
snapshots of adult depression

In Dunedin, between 15.6% and 17.1% of individuals were
diagnosed with past-year major depression at any given
cross-section. In E-risk, between 11.0% and 13.6% of indivi-
duals were diagnosed with past-year major depression at any
given cross-section. Fig. 2 shows the association between
childhoodmaltreatment and adult depression at each of the 4
assessment periods in adulthood by 5-HTTLPR genotype in
Dunedin (Panel A) and E-risk (Panel B).
Table 2
Effect of childhood trauma on the risk of depression in the Dunedin and E-Risk cohorts. The outcomes are persistent depression, single-episode depression and
depression diagnosed at each of the four assessments. Abbreviations: RD risk difference, 95%CI confidence interval of RD estimate, p probability of result being due
to chance.

Dunedin E-Risk

RD 95%CI p RD 95%CI p

Lower Upper Lower Upper

Persistent depression 0.0817 0.0393 0.1242 0.0002 0.1568 0.1134 0.2001 0.0000
Single-episode depression 0.0291 −0.0264 0.0846 0.3044 0.1026 0.0429 0.1624 0.0008
Time 1 depression 0.0710 0.0268 0.1152 0.0016 0.1022 0.0603 0.1441 0.0000
Time 2 depression 0.0465 0.0051 0.0878 0.0275 0.1435 0.1001 0.1868 0.0000
Time 3 depression 0.0549 0.0139 0.0960 0.0087 0.0997 0.0588 0.1407 0.0000
Time 4 depression 0.0658 0.0231 0.1084 0.0025 0.1415 0.0979 0.1852 0.0000
f

We first evaluated genetic (5-HTTLPR) and environmental
(childhood maltreatment) main effects. There was no
consistent association between 5-HTTLPR and cross-sectional
depression in either cohort (Table 1). In contrast, childhood
maltreatment was significantly associated with adult depres-
sion at each of the four occasions in both cohorts (Table 2).
Regardless of the measurement occasion in adulthood,
individuals who had been maltreated in childhood were
significantly more likely to experience depression during a
given 12-month period.

Next, we evaluated G×E. In general, carriers of two 5-
HTTLPR short alleles who were exposed to definite/severe
maltreatment had the highest risk of depression (Fig. 2).
However, statistical tests of G×E did not follow a predictable
pattern across the four measurement occasions (Table 3). In
both Dunedin and E-Risk, there was evidence of a significant
G×E on two out of the four measurement occasions in
adulthood.



Table 3
Gene–environment interaction between childhood maltreatment and the 5-HTTLPR genotype in the Dunedin and E-Risk cohorts. The outcomes are persistent
depression, single-episode depression and depression at each of the four assessments. G×E is tested as a departure from additivity of risks, with genotype coded
under additive, recessive and dominant models, respectively. Combined p values are obtained with the Fisher's trend method applied to results from the two
samples. Abbreviations: RD risk difference, 95%CI confidence interval of RD estimate, p probability of result being due to chance.

Dunedin E-Risk Combined

G×E
RD

95%CI p G×E
RD

95%CI p Fisher

Lower Upper Lower Upper p

Additive genetic model
Persistent depression 0.0915 0.0202 0.1628 0.0119 0.0540 −0.0004 0.1084 0.0516 0.00300
Single-episode depression 0.0051 −0.0773 0.0874 0.9034 0.0672 −0.0149 0.1492 0.1087 0.23120
Time 1 depression 0.0789 0.0169 0.1410 0.0126 0.0416 −0.0119 0.0951 0.1273
Time 2 depression 0.0223 −0.0364 0.0811 0.4564 0.0062 −0.0496 0.0620 0.8286
Time 3 depression 0.0805 0.0247 0.1363 0.0047 0.0030 −0.0500 0.0561 0.9109
Time 4 depression 0.0177 −0.0429 0.0783 0.5662 0.0384 −0.0169 0.0937 0.1735

Recessive short allele model
Persistent depression 0.1440 0.0117 0.2763 0.0330 0.1285 0.0673 0.1897 0.00004 0.00001
Single-episode depression 0.0150 −0.1418 0.1719 0.8511 0.0665 −0.0892 0.2221 0.4028 0.59250
Time 1 depression 0.1274 0.0046 0.2502 0.0420 0.0974 0.0007 0.1942 0.0485
Time 2 depression 0.0302 −0.0781 0.1384 0.5847 0.0113 −0.0877 0.1103 0.8230
Time 3 depression 0.0829 −0.0274 0.1932 0.1408 0.0189 −0.0771 0.1149 0.6994
Time 4 depression 0.0910 −0.0245 0.2065 0.1226 0.1444 0.0578 0.2309 0.0011

Dominant short allele model
Persistent depression 0.1134 0.0050 0.2218 0.0403 0.0262 −0.0749 0.1273 0.6115 0.07500
Single-episode depression 0.0015 −0.1143 0.1173 0.9801 0.1020 −0.0192 0.2233 0.0990 0.22890
Time 1 depression 0.0999 0.0092 0.1906 0.0309 0.0314 −0.0545 0.1173 0.4741
Time 2 depression 0.0296 −0.0565 0.1157 0.5000 0.0061 −0.0852 0.0973 0.8960
Time 3 depression 0.1203 0.0410 0.1996 0.0030 −0.0037 −0.0885 0.0811 0.9317
Time 4 depression −0.0180 −0.1109 0.0750 0.7048 −0.0059 −0.0978 0.0859 0.8992
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4. Discussion

The present study extends previous knowledge about the
interplay between the serotonin transporter gene and
childhood maltreatment in the causation of adult depression,
in two ways. First, it finds support for the hypothesis that the
interaction between the short allele of 5-HTTLPR and
childhood maltreatment is specific to depression that runs a
persistent course (Brown and Harris, 2008). In two longitu-
dinal cohorts, the interaction between 5-HTTLPR and child-
hoodmaltreatment significantly affected the risk of persistent
depression but had no effect on time-limited single-episode
depression. Second, it suggests that the longitudinal charac-
terization of the clinical course of a disorder may improve the
reliability of testing G×E. While analyses of depression
phenotypes based on repeated assessments provided consis-
tent evidence of G×E, analyses based on single cross-
sectional assessments yielded inconsistent results. These
two findings have broader implications for etiological
research.

A first implication is that research on environmental risks
can be constructively integrated with genetics to illuminate
the etiology of depression. Previous studies have reported
that childhood maltreatment is strongly and directly related
to persistent forms of adult depression (Brown et al., 2008;
Wiersma et al., 2009). The present study extends this
observation to suggest that 5-HTTLPR confers sensitivity to
childhood maltreatment in relation to developing persistent
depression. This finding may help to shed light on the
problem of “missing heritability” in psychiatric illness
(Manolio et al., 2009; Uher, 2009). Twin studies have
reported that depression diagnosed on at least two occasions
is strongly heritable (Foley et al., 1998; McGuffin et al., 1996),
but no genetic polymorphism has been unequivocally linked
to this phenotype (Lewis et al., 2010; Muglia et al., 2010; Shi
et al., 2010; Sullivan et al., 2009). Since the heritability
estimate in twin design includes variation due to interactions
between genes and shared environment (Uher, 2008, 2009),
and since experiences of maltreatment are often shared by
siblings growing up in the same family (Brown et al., 2007;
Jaffee et al., 2007), the possibility is raised that G×Eof the type
reported here could contribute to the observed heritability of
persistent or recurrent depression. The present findings also
underscore the public-health relevance of G×E, as persistent
forms of depression are responsible for most disability,
health-care costs and risk of suicide (Greenberg et al., 2003;
Young et al., 2008).

A second implication of our results is that the use of
longitudinal phenotypes may be essential for advancing
etiological research. Concerns have been expressed about
the replicability of G×E studies (Risch et al., 2009), but
apparent inconsistencies may reflect methodological hetero-
geneity such as differences in the assessment of environ-
mental exposures (Karg et al., 2011; Uher and McGuffin,
2008, 2010). The present findings suggest that differences
between cross-sectional and longitudinal studies also con-
tribute to the heterogeneity of results. We found that
detection of a statistically significant G×E from a single
assessment may be unreliable (significant G×E was detected
two out of four times in each cohort), but becomes more
reliable when data frommultiple assessments are considered.
Focus on first-episode depression is another approach that



Fig. 2. Proportion of individuals with past-year diagnosis of major depression at each assessment in the Dunedin and E-Risk cohorts by level of childhood
maltreatment and serotonin transporter genotype. Dunedin: Time 1= age 18, Time 2= age 21; Time 3= age 26, Time 4= age 32; E-Risk: Time 1=mean age 33
Time 2 = mean age 35; Time 3 = mean age 38, Time 4 = mean age 40; 5-HTTLPR genotype is marked by “LL”, “LS” and “SS” above each group of bars. In the
Dunedin cohort, maltreatment is a composite trichotomous measure based on observer ratings, parent reports and self-reports (0 = None, 1 = Probable, 2 =
Definite). In the E-risk study, maltreatment is a rounded average score on the Childhood Trauma Questionnaire (0 = None, 1 =Mild, 2 =Moderate, 3 = Severe)
For the number of individuals included in each subgroup, please see Fig. 1.
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capitalizes on homogenous course characteristics within a
sample and has also brought very promising results (Bukh
et al., 2009). These findings suggest that tests of hypotheses
about the developmental origins of adult disease (Ben-
Shlomo and Kuh, 2002) and about the biological embedding
of childhood adversity (Hertzman, 1999) may benefit from
adopting a life-course approach to measuring phenotypes. A
central challenge for future research is whether reliable
assessment of clinical course can be achieved in non-
longitudinal studies.

The present study offered several strengths for evaluating
G×E. First, we studied two large, representative cohorts with
highly complete follow-ups, thereby obviating problems
associated with selective attrition which affect the frequency
of exposure to severe stress and thereby the evaluation of
G×E (Shanahan and Bauldry, 2011). Second, we used the
same diagnostic instruments in both cohorts and on multiple
,

.

occasions, thereby avoiding problems associated with com-
paring findings across samples that differ in phenotypic
ascertainment. Third, we conducted parallel analyses across
both cohorts allowing us to evaluate what replicates and
what does not. We also note several limitations to our study.
First, our study was limited to individuals of European
ancestry. Although studies of Asians (Goldman et al., 2010)
and African-Americans (Xie et al., 2009) have documented
that carriers of 5-HTTLPR short alleles are more likely to
develop a variety of stress-related psychiatric conditions, the
present findings about the importance of longitudinal
phenotypes will need to be evaluated in other ethnic groups.
Second, the assessment of depression relied on four noncon-
tiguous one-year assessment windows. Thus some recurrent
cases might have been misclassified as single-episode
depression, because additional depressive episodes occurred
outside the assessment windows. This misclassification may

image of Fig.�2
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have decreased the effect size of the difference between
persistent and single-episode groups. However, cases classi-
fied as persistent are unlikely to be misclassified and
therefore, this limitation does not invalidate our results on
persistent depression. The non-contiguous assessment win-
dows also mean that despite constructing longitudinal
phenotypes of depression, we were not able to distinguish
between chronic and recurrent depression. Therefore the
term ‘persistent depression’ is used in accordance with
current terminology (Young et al., 2008). Third, childhood
maltreatment was assessed by different instruments in
each cohort. Objective indicators and interview measures of
adversity have generally produced more consistent results
and are less affected by reporting style and recall bias
than self-report questionnaire (Karg et al., 2011; Monroe,
2008; Uher and McGuffin, 2010). This may explain why
the results in the Dunedin cohort, which used a combination
of observer ratings and interview, were statistically some-
what stronger and more consistent across the genetic models
than results from the E-Risk study, where childhood
maltreatment was assessed with a self-report questionnaire.
It is also possible that self-reported maltreatment has larger
contribution from emotional memory, which may be moder-
ated by different genotypes (Polanczyk et al., 2009). In
summary, the fact that similar results were obtained in two
cohorts that used different measures of childhood maltreat-
ment makes the findings more robust and generalizable to
various types of childhood maltreatment, but it also means
that the results from the two studies cannot be compared in
absolute terms.

A related issue concerns the choice of the genetic model in
G×E research. The bi-allelic nature of a genetic locus
necessitates a choice between three genetic models (additive,
recessive, and dominant). Exact replication would require
that the same genetic model is detected across different
studies. This requirement may be sensible if studies use the
same measures (i.e., the phenotype and environmental
exposures are ascertained in the same way). In the present
study, we measured depression in the same way across the
two cohorts but had to rely on different measures of
maltreatment in these cohorts. Exposure measurement
heterogeneity has implications for matching the genetic
model across studies, because the “correct” genetic model
could vary depending on the environmental exposure (Uher
and McGuffin, 2008). Although the present results favor the
hypothesis that the 5-HTTLPR short allele confers risk against
a background of childhoodmaltreatment, we cannot establish
whether the genetic effect is additive, recessive, or dominant.
Across the two cohorts, we found support for recessive
effects, additive effects, and to a lesser extent dominant
effects. The literature about the interaction between 5-
HTTLPR and adversity is limited by the fact that most studies
to date have only reported a test of one genetic model and
have not systematically compared different genetic models.
As such, extant research does not, at present, support any
genetic model above others (Caspi et al., 2010). We hope that
researchers will be encouraged by the present report to
provide full information about different genetic models,
allowing transparent interrogation of accumulating findings.

We have found support for the hypothesis that the
interaction between the serotonin transporter gene and
childhood maltreatment is specific to persistent forms of
depression. Our results recommend attention to matching
theory, methods, and measurements in the study of G×E, in
the service of advancing knowledge about the origins of
disease. We hope that the research reported here will
stimulate further studies on this topic, including other genetic
markers and novel designs. In particular, investigations
focusing on G×E in the first onset of depression and assessing
its predictive potential for future clinical course and response
to treatment are needed to advance the current knowledge
on the determinants of the individual differences in clinical
course and outcomes of depression.
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