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In a short series of articles, we will review the evidence for genotype by environment interaction (G × E) in developmen-
tal psychopathology. We will focus specifically on the characteristics of types of exposure assessed with respect to both
their methods and findings. This article aims to review the studies exploring the moderating role of serotonin transpor-
ter on the effect of environmental adversities over time, particularly during childhood and adolescence, which is when
level of internalizing symptoms and prevalence of mood disorders change substantially. Environmental adversities will
not include abuse and maltreatment that have been reviewed before (see Bellani et al. 2012) and child’s broader social
ecology that will be reviewed in the next section.
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A clear empirical link exists between stress and
depression in children and adolescents (Vitiello,
2011), where ‘stress’ refers to environmental adversi-
ties that pose challenge for children’s development.
Stress may occur either as an acute event or a chronic
adversity, and as a major life event or as minor accu-
mulated events. Stressful events may be normative
(e.g. school transition) or pathological (e.g. being bul-
lied), and may be dependent on, or independent of,
an individual’s attitude. Nevertheless, individuals
vary in their response to stress, and how they respond

can affect their future adjusting and emotional well-
being. Such response heterogeneity is associated with
pre-existing individual differences in temperament,
personality, cognition and autonomic physiology, all
of which are known to be under genetic influences
(Plomin, 2001). In recent years, G × E interaction in-
volving specific gene polymorphisms has been ident-
ified both in animals and humans. In these studies,
particular focus has been placed on the interaction
of a deletion/insertion polymorphism in serotonin
transporter gene-linked polymorphic region
(5-HTTLPR). The short (“S”) allele in the 5-HTTLPR
is associated with lower transcriptional efficiency of
the promoter compared with the long (“L”) allele in
vitro (Lesch et al. 1996) and in vivo, both in adults
and in children and adolescents (Nobile et al. 1999).
In 2003, Caspi et al. (Table 1), using a prospective
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Table 1. Summary of the studies described in this review

Study Sample
Age range
(years) Type of study

Genetic
variant Assessment and diagnostic Findings

Caspi et al.
(2003)

847 population-based
sample

3–26 Longitudinal study
(23 years)

5-HTTLPR • LHC
• DIS
• Questionnaire on symptoms

of depression

5-HTTLPR gene interacts with life events to
predict increase in depression symptoms,
depression diagnoses, new-onset diagnoses,
suicidality, and informant’s report of
depressed behaviour.

Chipman et al.
(2007)

PATH20 sample: 2.095
population-based
sample
ATP sample: 584
population-based
sample

PATH20:
20–24
ATP
sample:
15–18

PATH20: community
survey
ATP: Longitudinal
study (2 years)

5-HTTLPR • GADS
• BIS/BAS
• EPQ
• List of stressful life events

experienced over the 6 months
preceding interview

• List of childhood adversity up
to the age of 16 years

• SMFQ
• Index of family adversity

Significant G × E interaction between
5-HTTLPR and persistently high levels of
family adversity over a 6-year period in
predicting emotional problems.
Non-significant findings for G × E
interactions between the 5-HTTLPR genotype
and recent stressful life events on depression.

Laucht et al.
(2009)

309 subjects 0–19 Epidemiological
cohort study
Longitudinal study
(19 years)

5-HTTLPR
LALG

5-HTTLPR

• SCID
• BDI
• TCI
• Parent interview on family

adversity
• MEL

Individuals with the LL genotype of 5-HTTLPR
who were exposed to high family adversity
displayed higher rates of depressive or
anxiety disorders and had more depressive
symptoms than those without either
condition. No evidence for G × E with regard
to current stressful life events and trait
anxiety.

Gibb et al.
(2009a)

74 mother–child pairs
40 depressed mother
34 non-depressed
mother

8–12
9.96 mean
age

Longitudinal (6
months)

5-HTTLPR
LALG

• SADS-L
• K-SADS-PL
• BDI-II
• CDI
• Modified dot-probe task

Evidence for a three-way interaction predicting
children’s depressive symptoms: the relation
between mother and child depressive
symptom levels over time was strongest
among children carrying the 5-HTTLR S or
LG allele who also exhibited attentional
avoidance of sad faces.
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Gibb et al.
(2009b)

100 mother–child pairs
52 depressed mother
48 non-depressed
mother

8–12
9.97 mean
age

Longitudinal (6
months)

5-HTTLPR
LALG

• SADS-L
• K-SADS-PL
• BDI-II
• CDI
• FMSS
• CASQ
• CCSQ

Among children with negative inferential
styles, 5-HTTLPR genotype moderates the
relation between maternal criticism and
children’s depressive symptoms, with the
highest depressive symptoms among
children carrying two copies of the
5-HTTLPR lower expressing alleles (S or LG)
who also exhibited negative inferential styles
and experienced high levels of criticism.

Hammen et al.
(2010)

346 population-based
sample

15–25
23.7 mean
age

Longitudinal (10
years)

5-HTTLPR
5-HTTLPR
LALG

• SCID
• BDI-II
• Semi-structured life stress

interview
• Interview on quality of marital

and parental functioning
• UCLA-CSI
• DAS
• MCTS
• CRPBI

Chronic family stress (family discord) at age 15
interacts with 5-HTTLPR genotype to predict
higher depression scores at 20 only for
females. Gene–environment interactions with
acute stress were non-significant.

Kumsta et al.
(2010)

125 adopted subjects
51 institutional
deprivation
74 controls

0–15 Longitudinal (15
years)

5-HTTLPR
5-HTTLPR
LALG

• RRS
• SDQ
• CAPA
• LES

Significant G × E interaction between
5-HTTLPR and severe institutional
deprivation in predicting emotional
problems. Furthermore, s/s carriers in the
severe ID group who experienced a high
number of stressful life events between 11
and 15 years had the largest increases in
emotional problem scores.
In supplementary analyses with 5-HTTLPR
LALG genotype interactions were not
significant.

Continued
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Table 1. Continued

Study Sample Age range
(years)

Type of study Genetic
variant

Assessment and diagnostic Findings

Fergusson et al.
(2011)

893 population-based
sample

0–30 Longitudinal (30
years)

5-HTTLPR • Retrospective reports on
childhood sexual abuse,
childhood physical abuse and
inter-parental violence

• Prospectively data on changes
of family situation

• Avoidance of Restriction and
punishment subscale of the
HOME Inventory

• Life-event checklist
• Reports on prolonged

unemployment
• Questioning on welfare

dependence
• ELSI
• CTS
• Report on abortion/unwanted

pregnancy
• CIDI

No evidence to support the hypothesis that ’s’
alleles of 5-HTTLPR are associated with
increased responsivity to life stressors.

Hankin et al.
(2011)

220 population-based
sample

9–15
11.4 mean
age

Longitudinal (1 year) 5-HTTLPR
5-HTTLPR
LALG

• CDI
• MASC
• ALEQ

Significant G × E interaction between
5-HTTLPR and idiographic stressors (but not
nomothetic stressor) in predicting
prospective elevations in depressive, but not
anxious, symptoms.

Jenness et al.
(2011)

200 population-based
sample

7–16
12.09 mean
age

Longitudinal (6
months)

5-HTTLPR
5-HTTLPR
LALG

• CDI
• CSI
• LSI
• PDS

Chronic family stress, but not recent episodic
stressors, predicted prospective elevations in
depressive symptoms among youth who
possessed the ’s’ allele of 5-HTTPLPR gene.
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Petersen et al.
(2012)

574 subjects
population-based
sample

12–17 Longitudinal (5 years) 5-HTTLPR
LALG

5-HTTLPR

• CBCL
• YSR
• DIS
• CAQ

Adolescents with lower serotonin
transcriptional efficiency (TE) genotypes and
more stressful life events showmore anxious/
depressed symptoms and a greater increase
in the development of symptoms of anxiety
and depression than were higher TE
adolescents, particularly at ages 16 and 17.

Nobile et al.
(submitted
for
publication)

287 population-based
sample

15–19
17.7 mean
age

Longitudinal (5 years) 5-HTTLPR
5-HTTLPR
LALG

• CBCL
• Socio-economic status
• Family structure

A moderating role of 5-HTTLPR on the effect of
family status in determining the presence of
internalizing problems was found only
during early adolescence. Early-adolescence
internalizing problems strongly predict
internalizing problems in late-adolescence,
especially in S-allele carriers.

ALEQ, Adolescent Life Events Questionnaire; BDI, Beck Depression Inventory; BDI-II, Beck Depression Inventory-II; BIS/BAS, Behavioral Inhibition System/Behavioral Activation System
Scales; CAPA, Child and Adolescent Psychiatric Assessment Interview; CAQ, Changes and Adjustments Questionnaire; CASQ, Children’s Attributional Style Questionnaire; CBCL, Child
Behavior Checklist; CCSQ, Children’s Cognitive Style Questionnaire; CDI, Children’s Depression Inventory; CIDI, Composite International Diagnostic Interview; CRPBI, Children’s Report
of Parental Behavior Inventory; CSI, Chronic Stress Interview; CTS, Conflict Tactics Scale; DAS, Dyadic Adjustment Scale; DIS, Diagnostic Interview Schedule; ELSI, Economic Living
Standards Index; EPQ, Eysenck Personality Questionnaire Revised; FMSS, Five Minute Speech Sample; GADS, Goldberg Depression and Anxiety Scales; HOME Inventory, Home
Observation for Measurement of the Environment Inventory; K-SADS-PL, Schedule for Affective Disorders and Schizophrenia for School-Age Children–Present and Lifetime Version;
LES, Life Event Scale; LHC, Life History Calendar; LSI, Life Stress Interview; MASC, Multidimensional Anxiety Scale for Children; MCTS, Modified Conflict Tactics Scale; MEL,
Munich Events List; PDS, Pubertal Development Scale; RRS, Revised Rutter Scale; SADS-L, Schedule for Affective Disorders and Schizophrenia–Lifetime Version; SCID, Structured
Clinical Interview for DSM-IV; SDQ, Strengths and Difficulties Questionnaire; SMFQ, Short Mood and Feelings Questionnaire; TCI, Temperament and Character Inventory; UCLA-CSI,
UCLA Chronic Stress Interview; YSR, Youth Self-Report. G

×
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longitudinal design, reported that carriers of the S
allele exhibit elevated depressive symptoms, diagnosa-
ble depression and suicidality after experiencing stress-
ful life events and childhood maltreatment (Caspi et al.
2003). This generated evidence for validity of the con-
struct of genetically driven individual differences in
stress sensitivity. More recently, a new single nucleo-
tide polymorphism (SNP) called rs25531 has been
identified within the repeats of 5-HTTLPR: the LG var-
iant has a level of serotonin transporter expression
comparable to the S allele, and both have lower levels
than LA variant (Hu et al. 2006). Even if the functional
interpretation of the LG allele has been questioned,
some more recent studies used this classification.

Three meta-analyses (Munafo et al. 2009; Risch et al.
2009; Karg et al. 2011) and two consecutive reviews of
Uher & McGuffin (2008, 2010), which include multiple
age-ranges, assessing the moderating role of
5-HTTLPR on the relationship between depression
and environmental adversities, have shown mixed
results. Nevertheless, they were able to identify impor-
tant study characteristics that influence study outcome,
i.e., the stress assessment method and stressor type. The
evidence of genetic moderation was stronger among
studies that used objective measures (e.g. ‘family struc-
ture’) or interpersonal interviews, while it was attenu-
ated by inaccuracies of retrospective self-report
questionnaires. The actual duration of the stressor was
another critical point: evidence of moderating effect
was greater for chronic stressors. Furthermore, in most
of these studies, although data have been collected long-
itudinally, the association between environmental
exposure and outcome has been analyzed cross-
sectionally. Therefore, even if time is a crucial factor,
both in terms of window vulnerability, and in the cas-
cade of maturational events that lead to the unfolding
of depression, little is known about the impact of gen-
etic risk factors and environmental exposure over time.

Only few G × E studies have been conducted with
youths using rigorous methods, particularly a prospec-
tive design and contextual interview to assess both
chronic and episodic stress and their prediction on
longitudinal change in depressive symptoms, and
only recently data have been analysed using time-
sensitive techniques. Overall, most of these studies
found some evidence supporting a G × E effects (see
Table 1). Most studies confirmed the prominent role
of chronic adversities (e.g. chronic family stress) v. epi-
sodic stressors (Gibb et al. 2009a, 2009b; Hammen et al.
2010; Jenness et al. 2011, Table 1), and also the possible
interaction between early life chronic trauma and
recent stressful life events (Kumsta et al. 2010), even
if mixed results concerning the risk allele were
found: two studies (Chipman et al. 2007; Laucht et al.
2009) reported that the S allele was associated with

reduced risk. Only one study (Fergusson et al. 2011)
did not find any evidence of G × E.

The recent use of time-sensitive analytic technique
focused attention on other important issues according
to developmental perspective. The first issue was the
conceptualization and analysis of environmental stress
in idiographic stressors (i.e., increases relative to the
child’s own average level over time) v. nomothetic stres-
sors (i.e., higher stress exposure relative to the sample).
In a community sample of youth aged 9–15 years
assessed prospectively every 3 months over 1 year (5
waves of data), lagged hierarchical linear modelling
analyses showed that 5-HTTLPR interacted with idio-
graphic stressors, but not nomothetic stressors, to pre-
dict prospective elevations in depressive symptoms
(Hankin et al. 2011). This study’s findings suggest that
5-HTTLPR allelic variation may underlie individuals’
stress reactivity to increases in one’s typical exposure
to stressors.

The second issue concerned the possibilities of different
developmental trajectories of symptoms and of different
time sensitivity to different environmental adversities.
In the same way, also genes could encounter attenuation
or potentiation of their effects during adolescence.

Petersen et al. (2012) (Table 1) tested the interaction
between 5-HTTLPR and stressful life events on adoles-
cents’ trajectories of anxious/depressed symptoms in
574 adolescents followed from ages 12–17 years. They
found an effect of G × E in predicting acceleration of
anxious/depressed symptoms only at ages 16 and 17,
not at the initial level age 12, growth at age 13, or accel-
eration at age 14 and 15, thus suggesting that vulner-
ability to acute life events may be stronger in late than
early adolescents. In a 5-year follow-up study in general
adolescent population sample Nobile et al. (submitted
for publication) found a moderating role of 5-HTTLPR
on the effect of family status in determining the pres-
ence of internalizing problems, but only during early
adolescence, while during late-adolescence socio-
economic status seems to play a pivotal role, probably
influencing the social conditions surrounding youth.
Furthermore, 5-HTTLPR polymorphism was found to
play an important role in determining the stability of
this psychopathological trait: early-adolescence interna-
lizing problems were revealed to be stronger predictors
of internalizing problems in late-adolescence, especially
in youths who carry the S-allele, thus confirming theory,
that 5-HTTLPR S-carriers are characterized by the stable
trait of negative affectivity that is converted to psycho-
pathology only under conditions of stress.

In conclusion, a life-course approach seems ideal
for understanding determinants of developmental
depression: causation in depression appears to be mul-
tifactorial, including interaction between genes and
stressful life events, or between early life trauma and
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later stress in life; timing of onset and remission vary
widely, indicating different trajectories of symptoms
over time. A more ‘dynamic’ G × E perspective could
be useful in study regarding transition period, includ-
ing the use of different measures to assess stressful
events in adolescence and the use of time-sensitive
modelling techniques that are able to incorporate mul-
tiple interacting factors across time.

References

Bellani M, Nobile M, Bianchi V, van Os J, Brambilla P
(2012). G × E interaction and neurodevelopment I. Focus on
maltreatment. Epidemiology and Psychiatric Sciences 21,
347–351.

Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW,
Harrington H, McClay J, Mill J, Martin J, Braithwaite A,
Poulton R (2003). Influence of life stress on depression:
moderation by a polymorphism in the 5-HTT gene. Science
301, 386–389.

Chipman P, Jorm AF, Prior M, Sanson A, Smart D, Tan X,
Easteal S (2007). No interaction between the serotonin
transporter polymorphism (5-HTTLPR) and childhood
adversity or recent stressful life events on symptoms of
depression: results from two community surveys. American
Journal of Medical Genetics. Part B, Neuropsychiatric Genetics
144B, 561–565.

Fergusson DM, Horwood LJ, Miller AL, Kennedy MA
(2011). Life stress, 5-HTTLPR and mental disorder: findings
from a 30-year longitudinal study. British Journal of
Psychiatry 198, 129–135.

Gibb BE, Benas JS, Grassia M (2009a). Children’s attentional
biases and 5-HTTLPR genotype: potential mechanisms
linking mother and child depression. Journal of Clinical Child
and Adolescent Psychology 38, 415–426.

Gibb BE, Uhrlass DJ, Grassia M, Benas JS, McGeary J
(2009b). Children’s inferential styles, 5-HTTLPR genotype,
and maternal expressed emotion-criticism: an integrated
model for the intergenerational transmission of depression.
Journal of Abnormal Psychology 118, 734–745.

Hammen C, Brennan A, Keenan-Miller D, Hazel NA,
Najman JM (2010). Chronic and acute stress, gender, and
serotonin transporter gene-environment interactions
predicting depression symptoms in youth. Journal of Child
Psychology and Psychiatry 51, 181–187.

Hankin BL, Jenness J, Abela JR, Smolen A (2011).
Interaction of 5-HTTLPR and idiographic stressors predicts
prospective depressive symptoms specifically among youth
in a multiwave design. Journal of Clinical Child and
Adolescent Psychology 40, 572–585.

HuXZ, Lipsky RH, ZhuG, Akhtar LA, Taubman J, Greenberg
BD,XuK,ArnoldPD,RichterMA,Kennedy JL,MurphyDL,
Goldman D (2006). Serotonin transporter promoter
gain-of-functiongenotypes are linked toobsessive-compulsive
disorder. American Journal of Human Genetics 78, 815–826.

Jenness JL, Hankin BL, Abela JR, Young JF, Smolen A
(2011). Chronic family stress interacts with 5-HTTLPR to

predict prospective depressive symptoms among youth.
Depression and Anxiety 28, 1074–1080.

Karg K, Burmeister M, Shedden K, Sen S (2011). The
serotonin transporter promoter variant (5-HTTLPR), stress,
and depression meta-analysis revisited: Evidence of genetic
moderation. Archives of General Psychiatry 68, 444–454.

Kumsta R, Stevens S, Brookes K, Schlotz W, Castle J,
Beckett C, Kreppner J, Rutter M, Sonuga-Barke E (2010).
5HTT genotype moderates the influence of early
institutional deprivation on emotional problems in
adolescence: evidence from the English and Romanian
Adoptee (ERA) study. Journal of Child Psychology and
Psychiatry 51, 755–762.

Laucht M, Treutlein J, Blomeyer D, Buchmann AF, Schmid
B, Becker K, Zimmermann US, Schmidt MH, Esser G,
Rietschel M, Banaschewski T (2009). Interaction between
the 5-HTTLPR serotonin transporter polymorphism and
environmental adversity for mood and anxiety
psychopathology: evidence from a high-risk community
sample of young adults. Internal Journal of
Neuropsychopharmacology 12, 737–747.

Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri
S, Benjamin J, Muller CR, Hamer DH, Murphy DL (1996).
Association of anxiety related traits with a polymorphism
in the serotonin transporter gene regulatory region. Science
274, 1527–1531.

Munafo MR, Durrant C, Lewis G, Flint J (2009). Gene ×
environment interactions at the serotonin transporter locus.
Biological Psychiatry 65, 211–219.

Nobile M, Begni B, Giorda R, Frigerio A, Marino C, Molteni
M, Ferrarese C, Battaglia M (1999). Effects of serotonin
transporter promoter genotype on platelet serotonin
transporter functionality in depressed children and
adolescents. Journal of the American Academy of Child and
Adolescent Psychiatry 38, 1396–1402.

Nobile M, Greco A, Perna G, Colombo P, Bianchi V,
Monzani D, Carlet M, Griez E, Giorda R, Molteni M.
(submitted for publication). Effect of the serotonin
transporter and of environment on the continuity of anxiety
and depression traits throughout adolescence. Development
and Psychopathology.

Petersen IT, Bates JE, Goodnight JA, Dodge KA, Lansford
JE, Pettit GS, Latendresse SJ, Dick DM (2012). Interaction
between serotonin transporter polymorphism (5-HTTLPR)
and stressful life events in adolescents’ trajectories of
anxious/depressed symptoms. Developmental Psychology 48,
1463–1467.

Plomin R (2001). Behavioral Genetics (4th ed.). Worth
Publishers: Basingstoke; W.H. Freeman: New York

Risch N, Herrell R, Lehner T, Liang KY, Eaves L, Hoh J,
Griem A, Kovacs M, Ott J, Merikangas KR (2009).
Interaction between the serotonin transporter gene
(5-HTTLPR), stressful life events, and risk of depression: a
meta-analysis. Journal of the American Medical Association
301, 2462–2471.

Uher R, McGuffin P (2008). The moderation by the serotonin
transporter gene of environmental adversity in the
aetiology of mental illness: review and methodological
analysis. Molecular Psychiatry 13, 131–146.

G × E interaction and neurodevelopment II 27

https://doi.org/10.1017/S2045796012000625 Published online by Cambridge University Press

https://doi.org/10.1017/S2045796012000625


Uher R, McGuffin P (2010). The moderation by the
serotonin transporter gene of environmental adversity in
the etiology of depression: 2009 update. Molecular
Psychiatry 15, 18–22.

Vitiello B (2011) Prevention and treatment of child
and adolescent depression: challenges and
opportunities. Epidemiology and Psychiatric Sciences 20,
37–43.

28 M. Bellani et al.

https://doi.org/10.1017/S2045796012000625 Published online by Cambridge University Press

https://doi.org/10.1017/S2045796012000625

	G&thinsp;&times;&thinsp;E interaction and neurodevelopment II. Focus on adversities in paediatric depression: the moderating role of serotonin transporter
	References


