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‘It is not the strongest of the species that survives nor 

the most intelligent, but rather the one most 

responsive to change’. 

 

Charles Darwin 
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ABSTRACT 

Experience of stress early in life can influence responses to stress later in life 

and this programming might involve serotonin transporter genotype. The 

present study examines if 5-HTTLPR genotype modulates the depressogenic 

effect of adolescent stress in individuals who experienced high levels of stress 

during early childhood. Data were collected in 1246 Dutch adolescents (mean 

age 16, 52.8% female) who participated in the prospective population study 

TRAILS (TRacking Adolescents’ Individual Lives Survey). Information about low 

or high stress levels in early childhood (age 0-5) was obtained from one of the 

biological parents. Adolescent stress (age 11–16) was assessed with a 

structured event history interview with the adolescent. In the high childhood 

stress group, a significant three-way interaction was found between 5-HTTLPR 

genotype, adolescent stress and gender (B =-0.56, p < .01). When analyses in 

the high childhood stress group were stratified by gender, an interaction 

between genotype and adolescent stress was present in girls (B =-.042, p = 

0.1), but not in boys (B =.029, p =.13). The low functioning alleles, s and lg, 

were associated with decreased sensitivity to the depressogenic effect of 

adolescent stress compared to the la allele. Our results indicate that early 

environment is of importance in understanding the interactions between genes 

and environment in the aetiology of stress-related disorders.  
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INTRODUCTION 

 

In studying the aetiology of depression, adolescence is an important period for at 

least two reasons. First, adolescence marks the starting point for an increase in 

depressive symptoms (e.g. Hankin et al., 1998; Oldehinkel et al., 1999). And 

second, depressive symptoms in adolescence are a risk factor for later clinical 

depressive disorder and impaired functioning in life (Lewinsohn et al., 1999). The 

experience of stressful life events (SLE) is a well-established risk factor for the 

development of depressive symptoms (e.g. Larson and Ham, 1993; Kendler et al., 

1995; Ormel et al., 2001; Bouma et al., 2008) but not all individuals become 

depressed after SLEs occurrence. There are large individual differences in 

susceptibility to the depressogenic effect of stress, which are most likely a 

consequence of the interplay between the challenges of life and a vulnerable 

genetic make-up. Plausible candidate genes are those involved in serotonergic 

neurotransmission, activation and feedback of the hypothalamic-pituitary axis-

adrenal (HPA) axis, and neurotrophic processes (Levinson 2006).  

 

The link between the serotonergic system and behavioural, autonomic and 

endocrine responses to stress is evident (reviewed by Porter et al., 2004). A gene 

of special interest is the serotonin transporter gene (SLC6A4), because a functional 

polymorphic site in the promoter region (5-HTTLPR) has been associated with 

increased risk for developing depression in the face of adversity (e.g. Caspi et al., 

2003). The presence of the shorter (s) allele reduces transcription of the gene, 

leading to reduced serotonin transporter expression and diminished serotonin 

reuptake (Heils et al., 1996; Lesch et al., 1996). A single nucleotide substitution 

(A>G) in the 5-HTTLPR long (l) allele creates an allele (lg) that is functionally 

equivalent to the s allele because of reduced transcription via the creation of a 

suppressor binding site (Wendland et al., 2006; Zalsman et al., 2006).   

 

An interaction between 5-HTTLPR genotype and stress has been reported many 

times since Caspi and colleagues initially found that carriers of the  s allele had a 

higher incidence of depression after stressful events than individuals with the ll 

genotype (Caspi et al., 2003). These findings were replicated in both genders (e.g. 

Kendler et al., 2005; Mandelli et al., 2006) or in women only (Eley et al., 2004; 

Grabe et al., 2005; Sjoberg et al., 2006). Other studies, however, found no 

associations (e.g. Gillespie et al., 2005; Covault et al., 2006; Surtees et al., 2006). 

A recent meta-analysis comprising 14250 men and women yielded no compelling 

evidence for a relation between 5-HTTLPR genotype and depression, nor for an 

interaction effect of 5-HTTLPR and SLEs over the life span on the development of 

depression (Risch et al., 2009).  
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In order to bridge these seeming inconsistencies, Brown and Harris (2008) 

proposed a developmental interpretation of the interplay of 5-HTTLPR and SLEs: 

the 5-HTTLPR genotype might effect the developing brain, hereby programming 

the response to future life stressors. The hypothesis that 5-HTTLPR genotype and 

childhood stress could influence stress responses later in life, has not been studied 

in humans before, but findings in animal research suggest that stress early in life, 

makes genetically vulnerable individuals more sensitive to future stress indeed. In 

rhesus macaques (Macaca mulatta), a genetic polymorphism orthologous to 5-

HTTLPR (i.e., rh5-HTTLPR) interacted with early rearing environment to influence 

the response to separation stress later in life, in a gender-specific way (Barr et al., 

2004). Male rhesus macaques carrying the S allele responded with higher 

adrenocorticotropic (ACTH) levels to stress than those with the ll genotype, 

independent of rearing condition. In females, this genotype effect was only 

observed in animals reared by peers instead of their mothers.  

 

In early childhood, two brain areas are especially sensitive to stress hormones. 

During the first two years of life the hippocampus is most sensitive, while the 

amygdala is sensitive during the whole period of childhood (Lupien et al., 2009). A 

combination of one or two s alleles and stress in early childhood could result in 

neurobiological changes in these brain areas, making the child more vulnerable to 

psychopathology later in life (Agid et al., 1999). Indeed, the s allele has been 

associated with greater reactivity to negative emotions in the amygdala in healthy 

adults (Munafò et al., 2008) and was associated with different connectivity between 

the amygdala and other brain areas (e.g. Heinz et al., 2007). Also, influences on 

the HPA axis have been found; the s allele was associated with increased cortisol 

response to social stress (e.g, Gotlib et al., 2008).  

 

The aim of the present study was to examine if 5-HTTLPR genotype influenced 

sensitivity to stress in adolescence in individuals who experienced early childhood 

stress in particular. Sensitivity to adolescent stress was operationalised by the 

amount of depressive symptoms after exposure to stressors. Within adolescents 

who experienced stress in early childhood but not within those who did not, we 

expected that the 5-HTTLPR s or the lg (low expression) allele would be 

associated with a higher sensitivity to stress during adolescence than the la (high 

expression) allele. This hypothesis was tested in a large sample of Dutch 

adolescents from the general population. Boys and girls differ in both the number 

of reported stressors and the prevalence of depression during adolescence (e.g. 

Brown and Harris, 1978; Sherrill et al., 1997). In addition, genetic effects have been 

suggested to be gender-specific (Silberg et al., 1999; Kendler et al., 2006). 

Therefore, all effects were tested in interaction with gender to explore possible 

gender differences.   
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METHODS 

 

Sample 

Data were collected within the context of TRAILS (TRacking Adolescents’ 

Individual Lives Survey), a large prospective population study of Dutch adolescents 

with bi- or triennial measurements from age 11 to at least age 25. The first wave 

(T1) ran from March 2001 to July 2002, the second (T2) from September 2003 to 

December 2004, and the third (T3) from September 2005 to December 2007. At 

T1, 2230 children were enrolled in the study (mean age 11.09, SD = 0.59), 

response rate 76%, de Winter et al., 2005). At T2, 96.4% of the baseline sample 

participated again (mean age 13.55, SD = 0.54), and at T3 the response rate was 

81.4% (mean age 16.13, SD = 0.59). For a detailed description of this cohort 

please see Huisman et al. (2008). At T3, DNA was collected in 1460 adolescents; 

99.6% of the samples could successfully be genotyped for the 5-HTTLPR. Only 

adolescents of Caucasian descent (658 girls and 588 boys; mean age 16.22 years, 

SD = 0.67) were included in the analyses.  

 

Genotyping 

DNA was extracted from blood samples or (in a few cases) buccal swabs 

(Cytobrush®), using a manual salting out procedure as described by Miller and 

colleagues (Miller et al., 1988). Genotyping of the 5-HTTLPR polymorphism in the 

promoter region of SLC6A4 gene was performed by simple sequence length 

analysis. Detailed information on the PCR protocols can be obtained by the 

corresponding author. Determination of the length of the 5-HTTLPR alleles was 

performed by direct analysis on an automated capillary sequencer (ABI3730, 

Applied Biosystems, Nieuwerkerk a/d Ijssel, The Netherlands) using standard 

conditions. The single nucleotide substitution (A>G) present in the HTTLPR long  

allele (rs25531) (la and lg allele) was genotyped using a custom-made Taqman 

assay (Applied Biosystems, Nieuwerkerk a/d Ijssel, The Netherlands). Genotyping 

of the SNP was performed on a 7500 Fast Real-Time PCR System and genotypes 

were scored using the algorithm and software supplied by the manufacturer 

(Applied Biosystems). Call rate was 96.5% for rs25531. The assay was validated 

by digesting the SLC6A4 PCR product with MspI (New England Biolabs, Ipswich, 

USA) and separating the restriction fragments on a 2% agarose gel. This resulted 

in restriction fragments of 340 bp,130 bp and 60 bp for the la allele, fragments of 

175 bp, 165 bp, 130 bp and 60 bp for the lg allele, and fragments of 300 bp, 130 bp 

and 60 bp for the s allele. Concordance between DNA replicates showed a 

genotyping accuracy of 100%.  
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Measures  

The general level of Childhood stress was assessed at T2, by asking one of the 

parents (usually the mother) to rate the overall stressfulness of their child’s life from 

age 0 until age 5. This was done on a ten-point scale ranging from 1 (totally not 

stressful) to 10 (very stressful).We constructed a dichotomous variable in which we 

recoded ratings of 6 and larger as 1 (high stressful childhood) and lower than 6 as 

0 (low stressful childhood). This threshold is relatively arbitrary but resulted in a 

high-stress group encompassing 10% of the sample, which we considered a 

reasonable proportion. Shifting the threshold upwards or downwards by one 

category did not change the patterns of associations presented in this article.  

 

Adolescent stress was assessed at T3 (age 16) by means of an Event History 

Calendar (EHC), a data collection method for obtaining retrospective data about life 

events and activities (Caspi et al., 1996). The calendar as developed by Caspi and 

co-workers (1996) was adapted into an interview covering several life domains, 

which lasted about 45 minutes on average. Participants were asked about events 

that had occurred since the first assessment (age 11). Examples of these events 

are parental divorce, severe illness or death of family members, serious quarrel 

with a friend, romantic break-up, and victimization. Of the remaining adolescents, 

3.8% did not experience any stressful events in the last five years, while 10.7% 

experienced one, 14.0% two, and 26.0% 6 or more events during this period. The 

number of events was used as a variable in the analyses.  

 

Depressive symptoms. Mental health problems were assessed by means of the 

Affective Problems scale of the Youth Self Report (YSR, Achenbach 1991; 

Achenbach et al., 2003), which contains 13 items (Cronbach’s at α T1 0.71, at T3 

YSR 0.78) covering depressed mood, anhedonia, loss of energy, feelings of 

worthlessness and guilt, suicidal ideation, sleep problems and eating problems. 

Participants could rate these symptoms as 0 = not true, 1 = somewhat or 

sometimes true, or 2 = very or often true, in the past six months.  

 

Statistical analyses 

Genotypes were constructed on the basis of serotonin transporter functionality. For 

simplicity’s sake, the low functional variants s and lg are both referred to as s, while 

l reflects the high functional variant la. Allele frequencies of these three genotypes 

of 5-HTTLPR (ll, ls and ss) were calculated and analyzed for deviation from Hardy-

Weinberg equilibrium (HWE) using a χ
2
-test. Descriptive statistics of all variables 

were calculated, and gender differences analyzed by t-tests or χ
2
-tests. 

Associations between variables were investigated by Pearson’s correlation 

coefficients. Joint genetic and environmental effects on depressive problems were 

examined by regression models with depressive problems at T3 (corrected for 



Serotonin transporter genotype, stress and depression 

 101 

problems at T1) as the dependent variable. The effect of genotype was tested 

using dummy variables, with ll as the reference group. In both the group with low 

and high childhood stress, we started with a model including the three-way 

interaction between 5-HTTLPR genotype, adolescent stress and gender, as well as 

all lower-order terms. In subsequent steps, non-significant interactions were 

removed from the model, starting with the highest order ones (McCullagh and 

Nelder, 1989). To maintain comparability of the groups with low and high childhood 

stress, interaction terms were only removed if they were non-significant in both 

groups. To ease interpretation of the coefficients, the variables for depressive 

symptoms and adolescent stress were standardised to mean zero and standard 

deviation 1. A p-value < .05 was considered statistically significant. Statistical 

testing was done in SPSS 16.  

 

 

RESULTS 

 

Descriptive statistics 

There was no deviation from Hardy-Weinberg equilibrium, and frequencies of the 

5-HTTLPR genotypes did not differ between the low and high childhood stress 

group (χ2 (2,1153) = 2.81, p = .25), nor between boys and girls (χ2 (2,1246) = 

1.78, p = .41). Descriptives of the variables and bivariate associations between the 

variables are presented in Table 1 and 2.  

 

 

 

 

 

 

Table 1. Descriptives 

Variable n  Mean (SD)     

1. Gender 1246 52.8%    
2. T1 (age 11) depressive symptoms (0-2) 1228 0.30 (0.27)    
3. T3 (age 16) depressive symptoms (0-2) 1212 0.29 (0.27)    
4. Adolescent Stress (0-14) 1141 4.08 (2.53)    
5. Childhood stress (1-10)  1153 2.40 (1.95)      
6. 5-HTTLPR genotype 1246 ll (26%), sl (50.4%), ss (23.6%)   

Note: gender: boys = 0 and girls = 1, depressive symptoms could be rated from 0 (not 
true) to 2 (very or often true), number of adolescent stressful life events had a 
minimum of 0 and a maximum of 14, childhood stress could be rated from ranged from 
0 (not stressful at all) to 10 (very stressful), l = la, s = s or lg.  
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Effects of 5-HTTLPR genotype, childhood stress and adolescent stress  

As shown in Table 3, a significant three-way interaction for 5-HTTLPR-genotype, 

adolescent stress and gender was found in the adolescents who experienced high 

childhood stress, but not in those who did not
5
. In the low childhood stress group, 

neither main effects of genotype nor interactions with adolescent stress or gender 

reached statistical significance. The three-way interaction was significant in the 

group with high levels of childhood stress and therefore we examined the two-way 

interaction of 5-HTTLPR genotype and adolescent stress separately for boys and 

girls (Table 4). Genotype appeared to interact with adolescent stress in girls, but 

not in boys. Girls with the ll genotype were more sensitive to adolescent stress than 

girls with the ss genotype, with the sl girls taking an intermediate position. The size 

of the effect (r = 0.72) is large (Cohen, 1998). The effects in girls are graphically 

represented in Figure 1 (high levels of childhood stress) and Figure 2 (low levels of 

childhood stress).   

 

 

                                                 
5
 In the total sample, the interaction between childhood stress by genotype (SS) by 

adolescent stress by gender was significant (B (22, 1027) = -1.51, p < .01), indicating a 
significant difference between the groups with and without childhood stress regarding the 
three-way interaction of genotype, adolescent stress, and gender.  

 

Table 2. Bivariate associations 

Variabele 1. 2. 3. 4. 5.  
1. Gender      

2. T1 depr. symptoms  .02     

3. T3 depr. symptoms  .25 .37    

4. Adolescent stress   -.08 .06 .09   

5. Childhood stress  .15 .21 .37 .14  

6. 5-HTTLPR genotype  .01 .01 .02 .01 .06 

Note: Bold: significant associations (p < .05). 
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Table 3. Effects of 5-HTTLPR genotype, adolescent stress and gender in adolescents 
with low and high levels of childhood stress 

 Childhood stress level 

  Low (n = 935)    High (n = 91) 

Predictor B SE p B SE p 

Constant -0.23 0.13 .08 0.55 0.33 .09 

Gender (girls) 0.46 0.12 < .001 0.76 0.37 .04 

ls 0.05 0.11 .68 0.54 0.29 .07 

ss -0.07 0.13 .57 0.19 0.31 .53 

T1 depr. sympt. 0.28 0.03 < .001 0.44 0.10 < .001 

Adolescent Stress 0.18 0.09 .07 0.31 0.20 .13 

Gender*AStress 0.11 0.10 .27 0.21 0.26 .43 

ls*AStress 0.04 0.09 .68 -0.14 0.21 .50 

ss*AStress -0.03 0.07 .66 0.27 0.18 .13 

ls*gender -0.01 0.06 .85 -0.18 0.22 .40 

ss*gender  -0.23 0.06 .68 0.03 0.17 .85 

ls*Astress*gender -0.06 0.09 .54 -0.03 0.24 .89 

ss*Astress*gender  0.01 0.07 .94 -0.56 0.20 <.01 

Note: T1 depr. sympt = depressive symptoms at age 11, Astress = adolescent stressful 
life events between age 11 and 16, l = la, s = s or lg. 

Table 4. Effects of 5-HTTLPR genotype and adolescent stress in boys and girls with 

high levels of childhood stress 

  Gender  
   Boys (n = 52)  Girls (n =38) 
Predictor B SE p B SE p 

constant -0.40  0.22 .08 0.28 0.29 .34 

ls 0.51   0.31 .11 0.15  0.36 .68 

ss 0.17  0.33 .61 0.35  0.39 .39 

T1 depr. symp.   0.37  0.13 < .01  0.57  0.15 < .001 

Adolescent Stress 0.29  0.21  .18 0.57  0.24 .02 

ls*AStress -0.12 0.22 .60 -0.21 0.20 .30 

ss*AStress 0.29 0.19 .13 -0.42 0.16 .01 

Note: T1 depr. symp. = depressive symptoms at age 11, Astress = adolescent stressful 

life events between age 11 and 16, , l = la, s = s or lg. 
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Figure 1. Depressive problems in three 5-HTTLPR genotype groups within the minimum 
and maximum range of z-scores of adolescent stress in girls with high levels of childhood 
stress. Note: s concerns both the s and lg allele.  
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Figure 2. Depressive problems in three 5-HTTLPR genotype groups within the minimum 
and maximum range of z-scores of adolescent stress in girls with low levels of childhood 
stress. Note: s concerns both the s and lg allele. 

 

 

DISCUSSION 

 

Aim of the study 

The aim of this study was to examine the association between 5-HTTLPR 

genotype, stressful life events (SLEs) and depressive symptoms in adolescents 

who experienced low or high levels of stress in early childhood. Overall, there was 

a relationship between stressful life events and depressive symptoms, regardless 

of childhood stress. Girls reported more depressive symptoms after SLEs than 

boys, a finding which is consistent with other studies (e.g. Brown and Harris, 1978; 

Hankin et al., 1998; Bouma et al., 2009). In the low childhood stress group, 5-

HTTLPR genotype did not influence the strength of the relationship which is 

concordant with a recent meta-analysis (Risch et al., 2009). In the high childhood 

stress group we found an effect of 5-HTTLPR genotype in girls, but not in boys. 

This gender difference is in line with previous findings reported by Silberg et al., 

(1999), who showed that genetic effects emerge in adolescence in girls but not in 

boys. In contrast to the expectations, girls with the s or lg allele had fewer 

depressive problems than girls with the la allele.  
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Programming effects of early life stress exposure   

Our results support the hypothesis by Brown and Harris (2008), that 5-HTTLPR 

genotype is associated with programming of the brain by stress exposure early in 

life. When stress experience in childhood is low, children’s brains are not affected 

by high levels of stress hormones, and stress responses in adolescence might not 

be different according to 5-HTTLPR genotype. Programming effects of stress 

response systems by early experiences have a critical period in early life because 

of the plasticity of the brain (Andersen and Teicher, 2008; Lupien et al., 2009). In 

rodents, high levels of unpredictable stress such as maternal separation (Pryce et 

al., 2002), increased the HPA axis response to stress later in life (Plosky et al., 

2005). The assumed mechanism behind this involves decreased negative-

feedback due to decreased glucocorticoid receptor expression in the hippocampus 

and frontal cortex (Meaney et al., 1996), possibly due to epigenetic mechanisms. 

The programming effect of severe stress contrasts with that of mild stress, for 

example neonatal handling (the short separation of pups and mother (Levine et al., 

1967), which was associated with decreased responses of the HPA axis to stress 

later in life (Meaney et al., 1988). Mild stressful experiences early in life might 

provide resistance to later psychosocial adversity (Rutter, 1987, O’Leary 1998) by 

means of inoculation effects. For example, adolescents exposed to mild stress in 

childhood displayed lower cardiovascular responses to a social stress test than 

adolescents who were not exposed (Boyce and Chesterman, 1990).  

 

Phenotypic plasticity 

Although there is an abundance of reports suggesting that the s allele reflects 

increased stress sensitivity and/or might predispose for depression, (e.g. Caspi et 

al., 2003; Kendler et al., 2005; Pezewas et al., 2005; Heinz et al., 2007; Gotlib et 

al., 2008; Munafò et al., 2008), a growing number of studies indicate that this view 

may be overly naive. For example, Lau and colleagues (2009) examined activation 

of the amygdala in response to emotional pictures in adolescents with and without 

depressive symptoms. In healthy adolescents, the la allele was associated with 

lower amygdala activity, which is in concordance with findings in healthy adults 

(Munafò et al., 2008). However, in adolescents with depressive symptoms, the S 

allele was associated with lower amygdala activation. More indications that the 

relationship between stressful events and affective disorders might be lower in 

individuals with the s/lg come from two other studies. In a study on post-partum 

depression, La carriers had more depressive symptoms compared to women with 

the SS genotype (Doornbos et al., 2009). Second, in a large general population 

study, the relationship between traumatic events and PTSD was lower in 

individuals with the s or lg allele than in those with the la allele (Grabe et al., 2009).  
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These aforementioned study results can be explained by Boyce and Ellis’ (2005) 

suggestion that genetic make-up might influence the responsiveness to both good 

and bad environments. Accordingly, Belsky et al., (2009) postulated the hypothesis 

that genetic variants associated with stress-reactivity and depression might not be 

predisposing vulnerability factors but plasticity factors. It is tempting to speculate 

that the s and lg alleles might be more responsive to any given environment than 

the la allele. In the situation of severe stress this can result in non-adaptive 

responses to stress later in life and increased risk for psychopathology as shown 

by Caspi et al., (2003). However, mild stress exposure might have inoculation 

effects and enables individuals to cope better with stress later in life as we showed 

in the present study. Concordant with our results, a growing body of evidence is 

emerging, suggesting that the low functioning variant (s/lg) of the 5-HTTLPR is not 

always the ‘bad’ allele as previously been stated. Because timing and severity of 

experienced life stress are not always accounted for in genetic association studies 

this might explain the absence of a clear direction of 5-HTTLPR on the 

depressogenic effect of life stress (Risch et al., 2009).  

 

Beneficial effect of supportive environments 

Besides of an inoculation effect, their might be another explanation why adolescent 

girls with the s/lg variant seemed protected from depressive symptoms after stress 

in adolescence in our study. Kaufman and colleagues (2004) showed that social 

support decreased the amount of depressive problems in maltreated children, even 

in those with the low functioning allele. In addition, Taylor et al., (2006), showed 

that young adults with the ss genotype had more depressive symptoms than those 

with other genotypes in the presence of childhood adversity. However, those with 

the ss genotype had the fewest symptoms when they had experienced a 

supportive environment early in life or recent positive experiences. According to 

Ellis and Boyce (2005) it seems likely that individuals with the s/lg allele would 

response more to the beneficial effects of social support than those with the la 

allele. Unfortunately, we had no well-defined information on past and present social 

support to included in our study.   

 

Strengths and limitations 

Our study has several strengths. First, the large sample size (N > 1000) provided 

enough power to detect gene-environment (GxE) interactions and decrease the 

chance of false positive findings (Ioannidis, 2005). Second, contrary to most 

studies that examine gene-environment interactions in mixed samples we 

examined this separately for boys and girls. Third, we examined the effect of 

relatively small stressors and minor hassles during childhood, rather than 

extremely severe adversities like abuse and neglect. As suggested by Kendler and 

colleagues (2005), not only major life events but also small stressors and minor 



Chapter 7 

 108 

hassles interact with genetic variance in the development of depression. An 

association with common, mild stressors has more relevance for public mental 

health since these types of stressors generate a more attributable risk for the 

general population than severe but rare experiences. Fourth, we assessed 

adolescent stress with a reliable and well-established method. A weakness of our 

study is that we only examined the polymorphic serotonin transporter gene and did 

not asses the possible influence of other biologically plausible polymorphic genes. 

Serotonergic neurotransmission is not solemnly influenced by the serotonin 

transporter but by several other serotonin receptors such as the serotonin 1A 

receptor. Studies in rodents showed that stress hormones increase serotonin 

transmission by influencing the responsiveness of 5HT1A receptor in the brain 

(Meijer and de Kloet, 1998). Additionally, polymorphisms in the GR gene are 

associated with physiological responses to stress (e.g. Wüst et al., 2004; Kumsta 

et al., 2007; Chapter 6) and might modulate the programming effect of early life 

stress.   

 

Conclusion and further directions 

We showed that genetic variance in the serotonin transporter gene in combination 

with early experience of stress influenced the sensitivity to adolescent stress in 

girls, but not in boys. This shows that it is important to account for gender 

differences while studying gene-environment interactions. Our results indicate that 

early environment is of importance in understanding gene-environment interactions 

in the aetiology of stress-related affective disorders. The underlying mechanism 

deserves further study. Special focus should be given to the question if (and how) 

early life stress can affect the stress response system in a permanent manner. 

 




