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Abstract
Background—Past findings on gene-by-environment (G × E) effects on depression have been
mixed, leading to a debate of the plausibility of such mechanisms and methodological
considerations that warrant attention. A developmental systems perspective postulates that
complex, multi-level G × E effects are likely contributors to depression.

Methods—Participants from families experiencing low-income status at birth were followed
over 28 years. Maltreatment was recorded prospectively using multiple means and sources.
Depression was measured repeatedly using well-validated interviews in middle childhood, through
adolescence, and into adulthood.

Results—Findings support a G × E effect where the less efficient form of the promoter region of
the serotonin transporter gene (5-HTTLPR) contributes to a vulnerability to depressogenic aspects
of maltreatment in childhood and adolescence. The presence of less efficient forms of the 5-
HTTLPR polymorphism and maltreatment together raised risk for depression. This G × E effect
was present generally and also among those who reported clinical levels of depression at only one
point in time.

Limitations—This study used a low-income sample which limits generalizability to other
populations. Sample size and rates of different forms of depression and depression at individual
developmental stages supported general analyses, but limited the sorts of specific sub-analyses
that were possible.

Conclusions—These findings support the plausibility of G × E effects on depression during
childhood, adolescence, and early adulthood, key periods for the development of depression.
Ongoing debates about the presence of G × E effects would be well served by additional work that
was theoretically informed and employed prospective, longitudinal methodologies with well-
validated measures of key constructs.
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1. Introduction
This study tests for a gene by environment interaction effect (G × E) where the effective
short form of an insertion/deletion polymorphism of the promoter region of the serotonin
transporter gene (5-HTTLPR; SLC6A4) contributes to a vulnerability to depressogenic
aspects of child maltreatment. Consistent with a developmental-systems perspective, we
expected maltreatment during childhood and adolescence would be especially linked to
depression among individuals with functionally less efficient serotonin-related genotypes
given that these are periods of rapid development and plasticity. This study involves 157
low-income participants followed longitudinally from birth through age 28 years. The
methods and analyses address concerns with past research on G × E effects through careful
and repeated assessment of both child maltreatment and depression, thereby minimizing
multiple forms of reporter bias. We extend the literature through greater attention to key
periods of childhood, adolescence, and early adulthood, important in explanations of the
development of depression.

Depression is a relatively prevalent disorder characterized by mood dysfunction, biased
cognitions and attributions, and somatic symptoms, often in response to experiencing life
stress (Hankin, 2006). Depressive disorders have been conceptualized in many ways,
including as a perturbation of stress response systems. Earlier thought on the canalization of
behavioral characteristics, like depression, followed various forms of genetic determinism
whereby the individual’s developmental pathway unfolds as a product of their genetic
endowment to produce an eventual phenotype (see Scarr-Salapatek, 1976; Waddington,
1942). Contemporary developmental science has largely abandoned deterministic
approaches in favor of a systems perspective whereby developmental pathways and the
resulting phenotypes are probabilistically influenced by factors across many levels of
analysis, including genetics and molecular mechanisms, physiological structures and
functioning, psychological abilities, family/systems, and the broader context
(Bronfenbrenner, 1976; Gottlieb, 1991).

Systems approaches acknowledge that genetic factors coact, transact, and interact with
nongenetic factors over time to influence the functioning of stress response systems and the
manifestation of depression. Repeated or prolonged exposure to stress, especially child
maltreatment, is a risk factor for depression and for lasting disruptions in related
physiological stress response systems (Cicchetti and Rogosch, 2001; Cicchetti et al.,
2010a,b, 2011a,b; Gunnar and Vazquez, 2006; Heim et al., 2000). The stress–depression
link appears to be particularly salient for stress during periods of rapid physiological
development, such as during childhood and adolescence.

Child maltreatment represents a failure of the caregiving system accompanied by adverse
and stressful relationship experiences (Belsky, 1993; Cicchetti et al., 2010a,b; Cicchetti and
Valentino, 2007). Furthermore, children who experience maltreatment tend to develop in
contexts of relationships that lack the warmth, structure, support, and nurturance that
promote robust coping and other adaptive resources, placing them at risk for a number of
poor outcomes over the lifespan (Cicchetti and Valentino, 2007). Following, childhood
maltreatment has been associated with clinical levels of depression in childhood (Toth et al.,
1992), adolescence (Hussey et al., 2006), and adulthood (Brown et al., 1999). This is in line
with a developmental perspective where earlier experiences and developmental competence
(or failure) initiate pathways that probabilistically lead to later adaptation or maladaptation
as part of a complex interplay of factors across levels of the individual and her context
(Cicchetti and Toth, 1998; Cicchetti and Valentino, 2007; Gottlieb, 1991; Yates et al., 2003).
While maltreatment increases the risk for depression, most maltreated children do not
become depressed. A systems perspective accounts for this heterogeneity since factors at
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other levels of analysis (e.g., genotype) contribute in complex fashion to the overall
likelihood of an individual’s positive adaptation or maladaptation.

Differences in the promoter region of the serotonin transporter gene (5-HTTLPR) have been
conceptualized as a marker for a stress-vulnerable phenotype through the contribution of 5-
HTTLPR on serotonin functioning. There are 2 forms of a functional insertion/deletion
polymorphism that have been studied with respect to psychiatric outcomes: a 16 unit repeat
“long” (L) form and a 14 unit repeat “short” (S) form. The short variant has been linked to
decreased transcriptional efficiency and reduced levels of serotonin (Heils et al., 1996).
There is also an A/G single-nucleotide polymorphism in the long form (denoted LG;
rs25531) that results in functioning similar to the short form (Hu et al., 2005). Given the
links with the serotonin system, and links between reduced serotonin functioning and
depression, 5-HTTLPR polymorphisms are a potential candidate gene for etiological models
of major depression. Nevertheless, past work testing direct effects of the 5HTTLPR S-
polymorphism on depression outcomes have produced mixed findings (Collier et al., 1996;
Lesch, 2003; Mendlewicz et al., 2004).

Gene-by-environment interaction approaches that incorporate both 5-HTTLPR variation and
psychosocial stress have emerged as a promising avenue, given that stress has been robustly
linked to depression for many, but not deterministically so for all. When found, variation in
5-HTTLPR genotype confers increased risk for depression among individuals who also
experience high levels of stress, particularly childhood maltreatment (Caspi et al., 2010,
2003; Karg et al., 2011; Uher and McGuffin, 2010). However, G × E approaches have
produced inconsistent findings including both affirmative and negative meta-analyses
(Duncan and Keller, 2011; Karg et al., 2011; Munafo et al., 2009, 2010; Risch et al., 2009;
Uher and McGuffin, 2010). This inconsistency has led to greater scrutiny of G × E findings
and renewed questions about the plausibility of G × E mechanisms in the etiology of
depression. For example, in a widely cited meta-analysis Risch et al. (2009) failed to support
a G × E effect for 5-HTTLPR variation and life stress. However, their effort has been
criticized for combining studies that employed a range of methodological approaches (e.g., 8
of 14 studies considered were cross-sectional versus 6 prospective designs) with different
populations, few considering depression before adulthood (3 of 15 studies), and none
involving children (Caspi et al., 2010; Dunn et al., 2011; Rutter et al., 2009). Other reviews
and meta-analyses have generally confirmed the G × E effect when attention is paid to
differences in study methods (e.g., Uher and McGuffin, 2010) and when focusing on
children, adolescents, and young adults (e.g., Dunn et al., 2011). This has led to a general
call for additional G × E work that involves theoretically informed perspectives, recognition
of potential differences for children and youth versus adults, and increased attention to
measurement issues in the assessment of stress across the lifespan (Caspi et al., 2010; Dunn
et al., 2011; Rutter et al., 2009; Uher and McGuffin, 2010).

In particular, researchers have repeatedly called attention to potential sources of bias and
imprecision in the assessment of stress and other aspects of the environment (Caspi et al.,
2010; Rutter et al., 2009; Uher and McGuffin, 2010). Two issues have come to the fore: (1)
potential biases of omission when brief self-report measures of life stress are used, and (2)
enhanced recall biases for negative events among depressed versus nondepressed individuals
(Caspi et al., 2010; Uher and McGuffin, 2010). These issues become exacerbated when
individuals are asked to make retrospective accounts that span many years or decades. In
support of this point of view, G × E effects are more robust among studies considering more
objective sources of major childhood stress, such as child maltreatment, when compared to
less objective or less reliable assessments of life stress (Caspi et al., 2010; Karg et al., 2011).
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Recent work has also suggested that the G × E effect for child maltreatment and 5-HTTLPR
genotype applies only to certain patterns of depression over time. Using two large
longitudinal datasets, Uher et al. (2011) found that the G × E effect emerged only for
depression that was persistent or involved multiple episodes. The effect was not found for
single-episode or nonpersistent presentations. Other work has cast chronic or persistent
depression as having a higher heritability (McGuffin et al., 1996) and being more strongly
linked to childhood maltreatment (Brown and Harris, 2008; Wiersma et al., 2009). Together,
these findings further support the notion of a differential effect for single-episode versus
persistent forms of depression, especially when considering genetic contributions and the
impact of childhood maltreatment.

The current study tested for a G × E effect for depression in childhood, adolescence, and
early adulthood while addressing methodological concerns identified in past work. First, we
focused on prospectively measured child maltreatment as a more objective indicator of
depressogenic environmental stress. Maltreatment status was observed through frequent and
repeated observations, interviews, and record reviews elicited prospectively, further
reducing subjective bias and the possibility of omitted records or recollections that are more
likely with a follow-back or recall design. We also employed repeated measures of
depression around key transitions during middle childhood, adolescence, and emerging
adulthood. These measures included “gold standard” self-report clinical interviews during
late adolescence and adulthood that show high reliability and validity.

We hypothesized that the experience of childhood maltreatment would moderate 5-HTTLPR
genotype to increase risk for depression across childhood, adolescence, and early adulthood.
The hypothesis followed an additive genetic risk model such that individuals who are
effectively homozygous for the effective short allele (SS) and experienced maltreatment
have the highest likelihood of developing depression, followed by those who have been
maltreated and are heterozygous (LS), and those who are maltreated and effectively
homozygous for the long allele (LL) will show the lowest risk among these three groups.
We describe findings in an exploratory fashion for depression at each individual
developmental period: middle childhood (age 8), late childhood through adolescence (age 8–
17.5), and the transition to early adulthood (age 18–28).

As a secondary hypothesis, we hypothesized that the G × E effect is specific to persistent or
recurrent depression, and such an effect does not apply to depression that is brief and unique
to one development period (Brown and Harris, 2008; Uher et al., 2011). If such a stance is
true, no GxE effect should be evident among individuals who report clinical levels of
depression at only one point in time. We described findings separately for those with only
one instance of depression and for those who reported repeated episodes of depression or
depression at more than one assessment.

2. Methods
A subsample of participants from the Minnesota Longitudinal Study of Risk and Adaptation
contributed data to the current study (Sroufe et al., 2005). This ongoing study originally
recruited 267 primiparous women receiving public assistance from 1975 through 1977.
Children continued to participate through childhood, adolescence, and early adulthood.
Parents/Guardians consented to participation at each assessment when children were under
18 years old. Individuals gave assent to participate beginning in adolescence and provided
informed consent as adults. Methods were approved by the Institutional Review Board of
the University of Minnesota as required at each assessment. One hundred fifty eight
participants were located and agreed to contribute genetic data at age 32 years. 5-HTTLPR
genotype could not be obtained from one collected sample, resulting in a final sample of 157
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participants for analysis. This represents 59% of the original pre-birth sample (157 out of
267). The most prominent reason for non-inclusion in this sub-sample was an inability to
locate the individual for the assessment at age 32 when genotyping occurred. Most of this
attrition occurred before the participants were 18-months old (77 participants; 28.8% of the
original sample; 70.6% of non-included participants). Only 8 (3.0%) participants had
participated after age 18-months and could not be located at age 32. Some participants
refused to provide a biological sample (14.7% of non-included participants). Ten individuals
(9.2% of non-included participants) were known to have died since the start of the study.
The analysis subsample predominantly comprised white participants (66.9%), 19.7%
multiracial, 8.9% African American, 3.2% Native American, and less than 1% were
Hispanic or Asian American. The subsample was roughly half female (51.6%). Descriptive
statistics for the analysis subsample are provided in Table 1.

2.1. Measures
Participants completed measures of depression at age 8 years (middle childhood), age 17.5
(late adolescence), and age 28 (early adulthood). Childhood maltreatment was assessed
through age 17.5. Demographic characteristics (sex, age) were determined through birth
records.

2.1.1. Age 8 depression—Participants completed the Children’s Depression Rating
Scale (CDRS) as a self-report measure at the end of third grade, around the time they were 8
years old. This is a 14-item semi-structured interview that asked about depression
symptomatology. Items covering different depression symptoms were rated for severity in a
standard way using Likert scales (Poznanski et al., 1979). We used an established cutoff of
greater or equal to a total score of 40 to denote clinical levels of depression symptoms. The
CDRS has been shown to have good psychometric properties, including high reliability and
validity in identifying children who qualify for depression diagnoses (Poznanski et al., 1983,
1985).

2.1.2. Age 17.5 depression—Participants completed a version of the Kiddie Schedule
for Affective Disorders and Schizophrenia (KSADS), a semi-structured interview that is
widely used and shows good psychometric properties when identifying clinical levels of
depression symptoms in line with criteria from the Diagnostic and Statistical Manual of
Mental Disorders, third edition, revised (DSM-III-R; Ambrosini et al., 1989). The KSADS
includes a screening portion which indicates the administration of a more comprehensive
depression module. Participants also reported the onset of symptoms and whether the
symptoms occurred in the past or were present at the time of the interview. Participants were
coded as showing clinical levels of depression for this measure if they reported any current
or past clinical levels of symptoms since age 8 years relative to DSM-III-R criteria.

2.1.3. Age 28 depression—The Structured Clinical Interview for DSM Disorders
(SCID) measured depression from age 18 through 28 years. The SCID is a widely-used,
semi-structured interview with good psychometric properties for identifying clinical levels
of psychiatric disorder symptoms using criteria from the fourth edition of the DSM (DSM-
IV; First et al., 1997; Segal et al., 1994; Ventura et al., 1998). Participants reported on
current or past depression symptoms since the age of 18, including whether they
experienced multiple episodes of symptoms. Responses were compared to DSM-IV criteria
for major depressive disorder (all single- and recurrent-episode diagnoses) and depressive
disorder not otherwise specified, producing two variables: any depressive disorder
(1=present) and nature of episodes (none; single; recurrent).
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2.1.4. Aggregation of depression variables—We coded participants as having ever
experienced depression (0=absent, 1=endorsed) if they indicated clinical levels of symptoms
at age 8 via the CDRS, from age 8 through 17.5 on the KSADS, and/or from age 18 to 28 on
the SCID. Furthermore, we divided participants into three mutually-exclusive groups: those
who never evidenced clinical levels of symptoms, those who reported clinical levels at only
one point in time, or those who reported persistent or recurrent clinical levels of depression
symptoms (either through clinical levels at more than one assessment, or reporting more
than one episode of clinical levels between assessments).

2.1.5. Childhood maltreatment—We defined maltreatment as any of the following:
sexual abuse (genital contact with a person who was at least 5 years older), physical abuse
(parental acts that result in physical harm to the child such as bruises, cuts, or burns), or
neglect (insufficient or irresponsible management of day-to-day care, inadequate nutrition,
or inadequate supervision by a caregiver). Maltreatment classification (Maltreated versus No
Maltreatment) was determined across regular childhood and adolescent assessments using
information from a number of sources around the time the maltreatment was occurring.
Classification was determined through direct observation, caregiver interviews, reviews of
child protection and medical records when available, and teacher interviews. This procedure
produced two maltreatment classification variables covering the period of early childhood
(birth to age 5 years) and later childhood through adolescence (age 5 through 17.5 years).
Reliability of maltreatment classification was excellent (e.g., K’s range: 0.81–0.89 by
maltreatment type). More information on procedures for the determination of child
maltreatment are available elsewhere in the literature (Egeland, 1997; Shaffer et al., 2008;
Yates et al., 2008). Maltreatment status was coded dichotomously for the purposes of the
current analyses (0=absent, 1=experienced maltreatment at any point).

2.1.6. 5-HTTLPR Genotype—Participants provided buccal cells for genotyping in
concert with a follow-up assessment at age 32 years. DNA was extracted using the
conventional method with the Epicenter Buccal/Amp DNA extraction Kit to prepare DNA
for polymerase chain reaction (PCR) amplification. Genotyping was conducted following
previously published protocols (Cicchetti et al., 2011a,b).

DNA was whole-genome amplified using the Replig kit (Qiagen, Chatsworth, CA., Catalog
no. 150043) per the kit instructions to ensure the availability of data over the long term for
this valuable sample. Amplified samples were then diluted to a working concentration. The
5-HTTLPR samples were genotyped for fragment length polymorphisms of 5-HTTLPR with
Hot Star Taq PCR Mix (Qiagen, Catalog no. 203205), and previously described primers
(Gelernter, Kranzler, & Cubells, 1997), followed by fragment analysis using a CEQ8000
(Beckman-Colter, Inc., Fullerton, CA). Although genotypes with one or two short (S) alleles
of the 5-HTTLPR gene are generally associated with lower transcription and function of 5-
HTT protein in vitro (Bevilacqua and Goldman, 2011) than genotypes with two long (L)
alleles, research identifying an A>G substitution in a SNP upstream from the promoter
region has shown that LG functions more similarly to the S allele than the LA in its
expression and binding potential (Praschak-Rieder et al., 2007; Reimold et al., 2007).
Therefore, we used an effective triallelic approach to categorizing genotypes according to
their relative efficiency in functioning: homozygous for the functionally long allele LA LA
(28.0%; herein denoted as LL); an aggregated grouping of functionally heterozygous
genotypes (47.1%; herein denoted as LS), specifically 7.6% LA LG, and 39.5% LAS; and an
aggregated grouping of genotypes that are functionally homozygous for the short allele
(24.8%; herein denoted as SS), specifically 0.6% LG LG, 4.5% LGS, 19.7% SS (Mileva-
Seitz et al., 2011).
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If a genotype could not be determined after the first run, then it was repeated up to four
times. If the null result persisted, then a genotype was not assigned to that individual. The
call rate for 5-HTTLPR was 99.4%. The genotype distribution for the Effective Triallelic 5-
HTTLPR was in Hardy-Weinberg Equilibrium X2 (3, N=157)=1.47, β=39, ns.

DNA samples were genotyped in duplicate for quality control. Human DNA from cell lines
was purchased from Coriell Cell Repositories for all representative genotypes in duplicate,
and genotypes were confirmed by sequencing using DTCS chemistry on an ABI 3130 × 1.
These and a no template control were run alongside study samples representing 9% of the
total data output. Any samples that were not able to be genotyped to a 95% or greater
confidence level were repeated under the same conditions.

2.2. Statistical analyses
Data were assumed to be Missing at Random (MAR; Schafer and Graham, 2002). Eighteen
(11.5%) participants in the subsample lacked the age 8 depression score, 16 (10.2%) the age
17.5 assessment, 17 (10.8%) the age 28 assessment, and 21 (13.7%) were missing
maltreatment classification. No participant lacked information on race or sex. Missing
values were estimated using multiple imputation techniques using SPSS version 20. Twenty
datasets were created using fully conditional specification, an iterative Markov Chain Monte
Carlo method. Data from the entire original cohort (N=267) were included in the imputation
procedure to produce the most robust estimation of missing values, but hypothesis testing
involved only individuals with observed 5-HTTLPR genotype (n=157). Analyses were
completed for each imputed dataset and results were combined in the fashion described by
Rubin (1987).

Hypotheses were tested using separate binary logistic regressions. Terms representing child
maltreatment and 5-HTTLPR genotype were entered in independent models (without the
other variable nor the interaction term) predicting any episode of depression to describe
respective main effects, and then a third model contained each main effect and their
interaction. Follow-up binary logistic regressions elaborated on the significant interaction
term to understand the nature of the effect. All significance tests evaluated directional
hypotheses and were compared against critical values for 1-tailed alphas. We also reported
coefficients for significance tests involving individual assessment points and for analyses
involving only individuals who experienced persistent or recurrent depression. However,
those coefficients should be interpreted with great caution because of concerns related to
low statistical power and the possibilities of Type I and Type II error.

Hypotheses were tested in line with an additive model of genetic influence: genotype was
represented by the number of effective triallelic S-alleles. Coefficients are also provided for
alternative models of genetic influence: dominant sensitivity (effective triallelic SS and LS
versus LL) and recessive sensitivity (effective triallelic SS versus LS and LL) effects.
Reporting results from these alternative approaches is recommended in the literature and
justified as none of the genetic models has been shown to outperform the others (Caspi et
al., 2010; Uher et al., 2011; Uher and McGuffin, 2008).

3. Results
Variability in 5-HTTLPR genotype and rates of child maltreatment (64 individuals; 40.8%)
and depression (73 individuals; 46.5%) were sufficient for analyses and are presented in
Table 1. Very few individuals experienced repeated or persistent depression (26 individuals;
16.6%). Specific analyses involving just that subgroup should be interpreted with caution.
Maltreatment status and the number of effective S alleles were unrelated suggesting no
gene–environment correlation (t=0.55; 2-tailed p=0.58).
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We first evaluated main effects of childhood maltreatment and 5-HTTLPR genotype
predicting any clinical level of depression from age 8 through 28, controlling for sex and
racial minority status. Main effects were tested in separate models. When predicting
depression at any time, childhood maltreatment was not a significant predictor, nor was 5-
HTTLPR genotype (all p’s>0.05). Follow-up analyses of depression at each age revealed
that childhood maltreatment predicted clinical levels of depression at age 8 (Exp(B)=2.74;
95% CI: 1.05–7.14; p=0.02). There was a significant effect of 5-HTTLPR genotype on
Persistent/Recurrent depression in additive (Exp(B)=1.98; 95% CI: 1.02–03.87; p=0.02) and
recessive genetic models (Exp(B)=3.59; 95% CI: 1.34–9.62; p=0.006). See Table 2.

We tested an interaction term of childhood maltreatment and 5-HTTLPR genotype on
experiencing depression at any point. The interaction term was a significant predictor
(Additive Model: Exp(B)=2.66; 95% CI: 0.99–7.18; p=0.03; Dominant Model:
Exp(B)=4.35; 95% CI: 0.89–21.32; p=0.04; Recessive Model: Exp(B)=3.28; 95% CI: 0.61–
17.65; p=0.08). See Table 3 and Fig. 1. Follow-up analyses confirmed an effect of the
number of short alleles on depression among individuals who experienced childhood
maltreatment (Additive Model: Exp(B)=2.29; 95% CI: 1.06–4.95; p=0.02) but not among
those who had not been maltreated (Additive Model: Exp(B)=0.92; 95% CI: 0.47–1.78; ns).

We tested for effects of G × E moderation on single-episode depression, excluding
individuals who reported any recurrent-episode depression or depression in more than one
developmental period. The interaction term predicted single-episode depression or
depression at only one point in time compared to no depression in the additive and dominant
models (Additive Model: Exp(B)=3.25; 95% CI: 0.92–11.54; p=0.03; Dominant Model:
Exp(B)=8.34; 95% CI: 1.11–62.86; p=0.02; Recessive Model: Exp(B)=2.93; 95% CI: 0.31–
27.99; p=0.18). Follow-up analyses revealed a more pronounced effect of 5-HTTLPR
genotype among those who experienced childhood maltreatment (Additive Model:
Exp(B)=1.99; 95% CI: 0.77–5.15; p=0.08). The effect of 5-HTTLPR genotype was non-
significant among those who did not experience childhood maltreatment (Additive Model:
Exp(B)=0.64; 95% CI: 0.28–1.48; ns). See Table 3 and Fig. 2. Coefficients for analyses
testing for a G × E effect among individuals who experienced persistent/recurrent depression
are also presented in Table 3. However, those coefficients should be interpreted with caution
because of the possibilities of Type I and Type II error.

4. Discussion
The current findings support a gene-by-environment interaction that contributes to the
development of depression across childhood, adolescence, and early adulthood within this
low-income sample. The short-version of the 5-HTTLPR polymorphism increased the risk
for ever experiencing clinical levels of depression for those who had experienced
maltreatment. In an additive genetic model, each version of the short 5-HTTLPR
polymorphism increased the odds by about 129% that a maltreated child or adolescent
would show clinical levels of depression. Meanwhile, each version of the short 5-HTTLPR
polymorphism did not meaningfully influence the odds that non-maltreated individuals
would show clinical depression. This affirms that a portion of the risk for developing
depression operates as a function of both the presence or absence of maltreatment
experiences and 5-HTTLPR genotype.

The expected gene-by-environment interaction also was present for individuals who
reported only single-episode depression or depression at only one point in time. Among
maltreated individuals, each copy of the short 5-HTTLPR polymorphism increased the odds
of a single-episode of depression by about 99%, but 5-HTTLPR genotype did not
meaningfully affect the odds for individuals who had not been maltreated. Parallel analyses
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for individuals reporting persistent or recurrent episodes of depression were non-significant
(this is contrary to the extant literature), but should be interpreted with caution because of
concerns related to small sample size. However, 5-HTTLPR genotype produced a main
effect when predicting persistent or recurrent forms of depression, thereby possibly
affirming the role of this genotype in the expression of more persistent forms of depression,
albeit in a different way.

The gene-by-environment interaction for single-episode depression contrasts with recent
work by Uher et al. (2011) who found a different pattern: the interaction effect emerged only
for persistent/recurrent forms of depression and not among those with single-episode
manifestations. The Uher analyses considered adult depression measured at relatively
frequent intervals, raising the possibility that the longer duration between assessments in the
current study may have contributed to recall errors and misclassification of individuals with
depression that would have been considered persistent in the Uher study. Alternatively, and
perhaps more likely, the interplay between genes and stressful environments may differ for
children and adolescents, as well as differences for low-income groups. These views find
support elsewhere in developmental behavior genetics (Thapar and McGuffin, 1996;
Turkheimer et al., 2003). Similarly, family-environment factors predicted childhood
depression symptoms in past analyses of the same longitudinal study where genotype was
not considered, but maternal depression and suboptimal early care predicted adolescent
depression symptoms (Duggal et al., 2001). Future work should include more frequent
measures of depression in childhood, adolescence, and adulthood to better understand these
potential differences.

This study adds to the debate around the existence of a gene-by-environment interaction
effect in the development of depression. Conflicting meta-analyses (e.g., Caspi et al., 2010;
Karg et al., 2011; Risch et al., 2009; Uher and McGuffin, 2010) have resulted in greater
attention to methodological detail for measurement, analyses, and approaches organized by a
theoretical basis. Strengths of the current study address most of these concerns. First, key
variables were measured prospectively from birth using established assessments at regular
intervals: maltreatment was recorded through multiple methods (interviews with parents and
teachers, direct observation, and review of administrative child welfare and medical
records); depression was measured using established self-report measures during multiple
developmental transitions implicated in the onset of depression. The pattern of clinical levels
of symptoms in the current sample coincides with a developmental increase in adolescence
and young adulthood (Costello et al., 2003; Hankin et al., 1998). High overall levels of
symptoms are likely attributable, in part, to the fact that this study involved an exclusively
low-income sample (Duggal et al., 2001). Appropriate quantitative techniques produced
reliable results despite attrition that occurred in this ongoing 28-year longitudinal study.

Study limitations include sample size and distributions of depression symptoms which
presented a barrier to fully testing hypotheses related to G × E effects for persistent/recurrent
forms of depression. The presence of G × E effects on single-episode depression is an
important contribution as it is contrary to findings of G × E effects for only persistent/
recurrent depression. The sample size was too small to adequately test for G × E effects on
more chronic forms of depression. Similarly, rates of depression at each individual follow-
up were sufficiently low as to raise similar concerns about Type II error for analyses of
depression at each developmental period. The coefficients reported for these sub-analyses
can contribute to future meta-analyses as well as understanding of G × E contributions to
depression in the context of a priori theory (e.g., Caspi et al., 2010). However, strong
conclusions should not be made based on the null-hypothesis significance tests for the
under-powered sub-analyses in this paper.
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This study supports the plausibility of a gene-by-environment interaction that contributes to
the development of depression in childhood, adolescence, and early adulthood. This is
consistent with a developmental systems view which acknowledges factors that interact,
coact, and transact in complex ways across multiple levels of analysis and over time to
influence the likelihood of positive or maladaptive outcomes (Bronfenbrenner, 1976;
Gottlieb, 1991; Yates et al., 2003). Maltreatment continues to be an important indicator of
risk for poorer developmental outcomes with respect to emotional wellbeing as well as other
domains. Childhood maltreatment represents a failure of the caregiving environment and
denotes particular experiences for some (e.g., episodes of sexual or physical abuse) and a
marker for a broader context of adversity for others (e.g., accompanying poverty, low
parental resources; Cicchetti and Lynch, 1995). Meanwhile, increasing knowledge of the
genome has revealed important contributors that, when considered with other factors, help to
elucidate the processes of risk and resilience leading toward or away from complex
disorders such as depression. Undoubtedly, intermediate factors and processes also are
important in the development of depression or resilient outcomes (e.g., serotonergic function
at the level of the synapse; past successes or failure in other key developmental domains;
poor emotion regulation, cognitive bias, and other factors at the psychological level; e.g.,
Han et al., 2012; Masten et al., 2005; Stockmeier et al., 1998), and development itself
represents a confluence of innumerable factors that operate in such a complex fashion as to
suggest the processes are probabilistic at an individual level (Sroufe, 1997). Nevertheless,
research efforts should continue to elaborate on this complex picture to further understand
the interplay between factors, with the promissory note that such knowledge will not only
help to further understand the disorder, but also help inform policy and interventions aimed
at promoting resilience.
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Fig. 1.
Maltreatment by 5-HTTLPR genotype and proportion of individuals who were depressed at
any age.
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Fig. 2.
Maltreatment by 5-HTTLPR genotype and single-episode and persistent/recurrent
depression.
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Table 1

Demographic statistics and rates of depression and childhood maltreatment.

Count Percentage

Race/ethnicity

 White 105 66.88

 African American 14 8.92

 American Indian 5 3.18

 Hispanic 1 0.64

 Asian 1 0.64

 Multiracial 31 19.75

Sex

 Male 76 48.41

 Female 81 51.59

5-HTTLPR genotype (effective)

 S/S 39 24.84

 L/S 74 47.13

 L/L 44 28.03

Maltreatment

 Age 0–4.5 years 36 22.93

 Age 4.5–17.5 years 50 31.85

 Ever 64 40.76

Depression

 Age 8 25 15.92

 Age 8–17.5 years 38 24.20

 Age 18–28 years 35 22.29

 Ever 73 46.50

 Persistent/recurrent 26 16.56
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Table 2

Independent main effects of maltreatment and of 5-HTTLPR genotype on depression.

Maltreatment 5-HTTLPR Genotype

Additive Dominant Recessive

Any depression 1.39 (0.68–2.84) 1.35 (0.84–2.19) 1.44(0.65–3.19) 1.58 (0.72–3.46)

Age 8 2.74 (1.05–7.14)* 1.55 (0.80–3.02) 1.25 (0.41–3.78) 2.42 (0.93–6.28)*

Age 8–17.5 1.39 (0.61–3.19) 1.59 (0.91–2.81) 1.66 (0.64–4.30) 2.14 (0.89–5.10)*

Age 18–28 1.38 (0.62–3.09) 1.46 (0.84–2.53) 1.72 (0.66–4.47) 1.64 (0.69–3.90)

Persistent/recurrent 1.94 (0.74–5.10) 1.98 (1.02–3.87)* 1.56 (0.50–4.84) 3.59 (1.34–9.62)**

Single-episode 1.16 (0.50–2.67) 1.00 (0.56–1.76) 1.23 (0.51–3.00) 0.76 (0.27–2.12)

Note: Coefficients represent odds ratios (95% CI); 5-HTTLPR genotype: for Dominant Genetic Model, 0=L/L, 1=L/S or S/S; for Recessive
Genetic Model, 0=L/L or L/S, 1=S/S;

*
p (1-tailed)<0.05;

**
p (1-tailed)<0.01.
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Table 3

Maltreatment × 5-HTTLPR genotype interaction effects on depression.

Additive Dominant Recessive

Any depression 2.66 (0.99–7.18)* 4.35 (0.89–21.32)* 3.28 (0.61–17.65)

Age 8 2.16 (0.53–8.89) 1.04 (0.11–9.59) 6.77 (0.57–81.03)

Age 8–17.5 1.76 (0.55–5.60) 4.22 (0.52–34.33) 1.24 (0.21–7.28)

Age 18–28 1.08 (0.37–5.74) 1.20 (0.18–7.95) 1.08 (0.19–6.04)

Persistent/recurrent 1.46 (0.37–5.74) 1.62 (0.16–16.84) 2.19 (0.28–17.32)

Single-episode 3.25 (0.92–11.54)* 8.34 (1.11–62.86)* 2.93 (0.31–27.99)

Note: Coefficients represent odds ratios (95% CI); 5-HTTLPR genotype: for Dominant Genetic Model, 0=L/L, 1=L/S or S/S; for Recessive
Genetic Model, 0=L/L or L/S, 1=S/S;

*
p (1-tailed)<0.05.
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