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‘The glands have their master, probably the most 

remarkable creation of life's miracles - the human 

brain.’ 

 

Bernard Jenson 
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Major depression is a complex mental disorder caused by interactions between 

genetic and environmental risk factors. Understanding the underlying mechanisms 

of these interactions will help to treat or prevent this disease more effectively in the 

future. Depressive problems increase during adolescence to a greater extent in 

girls than in boys, a gender difference that remains throughout adulthood. In this  

dissertation six studies are presented that explore several risk factors involved in 

the development of depressive symptoms in a large sample of adolescent boys 

and girls. The first section of this chapter describes the risk factors and biological 

dysfunctions associated with depressive symptoms. The second and third section 

of this chapter describes how candidate genes and biologically plausible 

(endo)phenotypes of depression can be studied. At the end of this chapter, the 

outline of the dissertation is presented.   

 

 

DEPRESSION 

 

Prevalence  

Depression is an important global public health issue because it is one of the four 

leading causes of disease burden throughout the world (Murray et al., 1996; Ustun 

et al., 2001; Wong and Lincinio, 2001). It has relatively high lifetime prevalence and 

is associated with substantial disability (e.g. Demyttenaere et al., 2004; Hyman et 

al., 2006). Depression affects individuals’ emotions, thoughts, sense of self, 

behaviour, interpersonal relations, physical functioning, biological processes, work 

productivity and overall life satisfaction (e.g. Ormel et al., 2008). Lifetime 

prevalence (age 18-65) of major depression in the Netherlands was found to be 

20% in men and 30% in women (Kruijshaar et al., 2005). Women are at higher risk 

to develop a depressive episode than men (Kessler et al., 1993; Nolen-Hoeksema, 

2001). The incidence of depression increases dramatically from 1% in 

preadolescence to 17 to 25% by the end of adolescence, with a greater prevalence 

in girls than in boys (e.g. Verhulst et al, 1997; Hankin et al., 1998; Angold et al., 

2002). Because this gender difference emerges around age 14 (Hankin et al., 

1998; Wade et al., 2002), it is likely that several gender-specific hormonal and 

social developmental factors associated with adolescence play a role (Larson and 

Ham, 1993; Ge et al., 2001; Angold and Costello, 2006).  

 

Description of symptoms 

According to the DSM-IV, Major Depressive Disorder (MDD) is characterized by 

symptoms such as mood disturbances, irritability, low self esteem, feelings of 

hopelessness, guilt and worthlessness, sleep disorders, fatigue, low energy, 

concentration problems, weight loss or gain, recurring thoughts of death and 

decreased interest in pleasure stimuli (sex, food and social interactions). These 
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symptoms must be consistent for a period of at least two weeks and should 

represent a change from the person's normal mood. In addition, social, 

occupational, educational or other important functioning must be negatively 

impaired by the change in mood (DSM IV, 2000). But even without meeting the 

criteria for MDD, depressive symptoms can cause serious impairments and are a 

risk factor for depressive episodes later in life (e.g. Lewinsohn, 1999; Pine et al., 

1999).  

 

Neurobiology  

The aforementioned symptoms involve altered neurotransmission in the prefrontal 

and cingulated cortex, the hippocampus, the amygdala and the hypothalamus 

(Nestler et al., 2002). Evidence for this comes from brain imaging studies, in which 

differences in the activation of these areas were found between depressed patients 

and healthy controls (e.g. Drevets, 2000). These brain areas operate in connected 

circuits involving glutamatic, GABAergic, dopaminergic, norephineprine and 

serotonergic neurotransmission. The cortex and hippocampus are involved in the 

cognitive deficits in depression such as learning and memory impairment, feelings 

of guilt, hopelessness, worthlessness and suicidal thoughts. The nucleus 

accumbens and amygdala are involved in the regulation of emotional responses 

and memory of aversive events. Altered neurotransmission in these areas is 

associated with decreased drive and reward for pleasure activities, anxiety and 

reduced motivation. The hypothalamus is involved in sleep problems, loss of 

appetite, energy and interest in sex. Although the exact mechanism needs far more 

clarification in humans (Andersen and Teicher, 2008), female sex hormones are 

likely to influence the neurobiology of depression and may, in part, explain the 

higher prevalence of depression in women.   

 

Environmental risk factor: psychosocial stress  

Epidemiological studies showed substantial genetic and environmental influences 

in the risk to develop depression (Sanders et al., 1999; Fava and Kendler, 2000). 

Experiences of stressful life events (SLEs) or chronic psychosocial stress are the 

most important environmental risk factors for depression (e.g. Brown & Harris, 

1989; Kendler et al., 1993; Ge et al., 1994; Kessler et al., 1997; Ormel et al., 2001; 

Tennant, 2002). The term stress was first used by Hans Selye (1936) to refer to 

physical demands of the body in response to a stressor. Stressors can be defined 

as: ‘environmental events or chronic conditions that objectively threaten the 

physical and/or psychological health or well-being of individuals in a particular age 

in a particular society’ (Grant et al., 2003). The psycho-physiological stress 

response is necessary to cope with the physical demands of a stressful situation 

(McEwen, 2000). Stress is only problematic when there is a discrepancy between 

the demands of the situation and the ability to cope with it. Additionally, a 
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psychosocial situation is only stressful when it is appraised as such (Lazarus, 

1966), and cognitive processes are central in determining whether a situation is 

potentially threatening, constitutes harm or loss, or is benign. Intense, persistent or 

uncontrollable stress can lead to maladaptive responses (Selye, 1936), which are 

associated with a number of somatic and mental health risks (e.g. Heim et al., 

2000). Not all people become depressed in the face of stress, because large 

individual differences exist in responses to stress and subsequent development of 

depressive symptoms. The depressogenic effect of psychosocial stress depends 

on the frequency, duration, severity and multiplicity of the stressor, gender, 

personality factors, available social support and genetic predisposition (e.g. Brown 

and Harris, 1978; Kendler et al., 1993; Kendler et al., 1995; Ormel at al., 2001; 

Kendler et al., 2003).  

 

Genetic risk factors 

Based on twin studies, the heritability of depression was found to be about 40 to 50 

percent (e.g. Kendler et al., 1993; Sullivan et al., 2000; Kendler et al., 2006). 

Adoption studies also provide some support for the role of genetic factors in 

depression (e.g. Wender et al., 1986). Most of the published genetic association 

studies of mood disorders have focused on functional polymorphisms (DNA 

sequence variations that alter the expression and/or functioning of the gene 

product) in genes. Because genetic factors seem to modify the association 

between life events and depression (e.g. Kendler et al., 1995; Silberg et al., 1999), 

plausible candidate genes for depression are involved in the functioning of the 

physiological response to stress and neurotransmission systems (Nestler et al., 

2002; Levinson, 2006). However, the gene-hunt for depression has not yield clear 

results for one or more genes as indicated by two large meta-analysis (Lopéz-León 

et al., 2008; Bosker et al., 2010). And this makes sense since genes associated 

with depression are not specific ‘depression’ genes but are likely related to 

psychosocial stress responses in general. Additionally, studies on polymorphisms 

(genetic variants) in candidate genes are not conclusive that a certain allele is 

always associated with a ‘bad’ outcome (this dissertation; Doornbos et al., 2009; 

Grabe et al., 2009 versus Caspi et al., 2003). 

 

Familial risk of depression  

Depression runs in families (e.g. Goodman and Gotlib, 1999; Hammen et al., 2004; 

Verhagen et al., 2008), and having a parent with a history of depression is a strong 

predictor for depressive problems in offspring (Weissman et al., 1997; Pilowsky et 

al., 2006; Schreier et al., 2006). The relative risk (RR) (ratio of risks to first-degree 

relatives of probands with depression versus the general population) is 2 to 3 (e.g. 

Maier et al., 1992). The familial risk for depression is most likely a consequence of 

interactions between transmitted vulnerability genes and family factors. Lack of 



General Introduction 

 13 

family closeness, poor communication, absence of supportive relationships, 

parental rejection and lack of emotional warmth have all been found to be 

prevalent in families with depressed parents (e.g. Davies and Windle, 1997; 

Beardslee et al., 1998; Meares et al., 2000; Jaser et al., 2005). Poor family life 

might increase the impact of stressful events even further because low social 

support might increase the depressogenic effect of stress (Cohen and Will, 1985). 

The genetic transmission of risk for depression may run partly through altered 

functioning of the physiological stress system (e.g. Frederenko et al., 2004; Wüst et 

al., 2004). Additionally, negative affectivity, a temperament dimension 

encompassing frustration and fearfulness, reflects the tendency to experience 

negative emotions when confronted with environmental challenges (Rothbart et al., 

2000). Ormel et al. (2005) showed that the effect of parental psychopathology on 

offspring psychopathology was partly mediated by offspring temperament, 

suggesting that a depression-vulnerable temperament may be genetically 

transmitted from parent to child.   

 

 

PHYSIOLOGICAL RESPONSE TO STRESS 

 

Stress evokes a rapid response of the sympathetic nervous system (SNS) and a 

slower, longer response of the hypothalamic-pituitary-adrenal (HPA) axis (Sapolsky 

et al., 1986). The activation of the sympathetic system results in the release of 

catecholamines (adrenaline and norepinephrine), which increases heart rate and 

blood pressure and accelerates respiration. Activation of the HPA axis results in 

the release of cortisol from the adrenal cortex. Cortisol converts fat into glucose, 

inhibits the immune system and is implicated in memory processes. The stress 

response is regulated by a negative feedback system in which cortisol binds to 

mineralocorticoid receptors (MR) and glucocorticoid receptors (GR) in the brain. 

There is a difference between the activation of the stress response system towards 

physical and psychosocial stress (Herman et al., 2005). Physical stress, indicated 

by pain signals or cytokines, is recognized fromsomatic and visceral pathways. 

Psychosocial stress activates anticipatory processes, which are under the control 

of the hippocampus, amygdala and prefrontal cortex. The research described in 

this dissertation focuses only on psychosocial stressful stimuli such as stressful life 

events or chronic stressful situations. The physiological response to stress can be 

influenced by many factors: type, intensity and duration of a psychosocial stressor, 

functional outcome of genes in underlying biological pathways, gender, early life 

experiences, smoking, presence of depressive symptoms, physical exercise, body 

mass and certain types of medication use.  
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Gender difference 

Gender differences in response to psychosocial stress have been found in adults 

(reviewed in Kudielka and Kirschbaum, 2005; Wang et al., 2007; Kelly et al., 2008), 

but not in pre-adolescent children (Buske-Kirschbaum et al., 1997; Tout et al., 

1998). Adult men displayed higher cortisol responses to psychosocial stress 

paradigms than women, while women displayed higher heart rate increases than 

men. Whether adolescent boys and girls respond differently to psychosocial stress 

has not been examined in a large population-based sample. Studies in both 

animals and humans indicate that estrogen and progesterone can influence the 

response to psychosocial stress (Altemus et al., 1997; Kirschbaum et al., 1999; 

Rohleder et al., 2003; McCormick and Mathews, 2007). Although the mechanism is 

not entirely clear, it seems that sex hormones interact with receptors in the 

hypothalamus and the amygdala, influencing the emotional and physiological 

response to psychosocial stress (Chrousos et al., 1998; Levine, 2002; Andersen 

and Teicher, 2008).  

 

 

THE DEPRESSOGENIC EFFECT OF STRESS 

 

In depressed patients, abnormal functioning of the HPA axis has often been 

reported, and could, in part, be normalised by antidepressant medication that 

targets serotonergic neurotransmission (e.g. Holsboer, 2001). Prolonged HPA axis 

activation in response to severe or chronic stress is associated with both hyper- 

and hypocortisol secretion in response to subsequent stressors (Miller et al., 2007; 

Nestler et al., 2002; McEwen and Wingfield, 2003). It has been hypothesised that 

increased (hyper) cortisol responses are due to more recent stress experiences, 

while decreased (hypo) responses are a consequence of childhood stressors  

(Miller et al., 2007). Hypocortisolemia might be a consequence of protective down-

regulation of the HPA axis in response to stress early in life (Fries et al., 2005; 

Tarullo and Gunnar, 2006). Support for this has been found with regard to severe 

as well as mild stress experience in childhood (e.g. Elzinga et al., 2008; Gunnar 

and Donzella, 2009).  

 

Increased sensitivity in adolescence 

Adolescence is the period between childhood and adulthood (age 10 - 22) in which 

developmental pathways are set in motion or become established (e.g. Ferdinand 

et al., 1995). This period is characterised by major biological, psychological and 

social challenges and opportunities (e.g. Greenfield et al., 2003; Nelson et al., 

2005; Paus et al., 2008). Brain parts that play a role in affective and cognitive 

regulation undergo functional and anatomical reorganization during adolescence 

through increased myelination and pruning of existing synaptic networks (Giedd et 
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al., 1999; Sisk and Zehr, 2004). This occurs all over the brain but is concentrated in 

the prefrontal cortex (PFC) (Gogtay et al., 2004). The PFC regulates the response 

of the hypothalamus and amygdala to psychosocial stress (Lewis and Todd, 2007). 

Perlman and colleagues (2007) showed that the adolescent brain is more sensitive 

to stress than in adulthood as illustrated by increased expression of glucocorticoid 

receptors in the PFC of adolescents compared to adults and children. This 

supports the idea that during adolescence, the learning and memory of 

psychosocial experiences caries greater importance (Rudolph and Hammen, 1999; 

Steinberg and Morris, 2001). Increased sensitivity and responsiveness to negative 

interpersonal interactions can result in the development of depressive symptoms 

which increase with the onset of adolescence (e.g. Petersen et al., 1993; Hankin et 

al., 2006). For example, rejection by romantic partners or peers is a strong 

predictor for inducing depressive symptoms (Furman et al., 2003). Additionally, a 

social network is important as a buffer against stressors (Cohen and Wills, 1985), 

and since parents become less important during adolescence, adolescents have to 

actively form new networks with peers (Steinberg and Morris, 2001).  

 

Gender difference  

The effect of psychosocial stress appears to be particularly strong in adolescent 

girls (Pine et al., 1999), as demonstrated by the female preponderance of 

depression that emerges in adolescence (Agold et al., 1998; Cyranowksi et al., 

2000; Hankin and Abrahamson, 2001; Kessler et al., 2003). Female sex hormones 

increase due to maturation of the reproductive system (Sisk and Foster, 2004), and 

these hormones influence brain functions (McEwen, 2001). The evaluation of 

stress in the brain seems to be different during adolescence in boys and girls (e.g. 

McClure et al., 2004). Additionally, females tend to rely more on social support than 

males (Rudolph and Hammen, 1999; Cyranowski et al., 2000; Taylor et al., 2000; 

Stroud et al., 2009). Girls ruminate more on emotional problems than boys, who 

seek distraction instead (Kovacs et al., 2003). Additionally, genetic risk factors for 

major depression were found to be higher in women than in men (Kendler et al., 

2006). The increased sensitivity in adolescent girls might be due to stronger gene-

environment interactions in girls than in boys. A longitudinal study of female twins 

found that genetic factors increased the risk for depression in reaction to SLEs, but 

only after and not before puberty (Silberg et al., 1999). This suggests an interaction 

between genetic factors and factors associated with the onset of adolescence, 

such as increasing levels of female sex hormones. Changes in circulating female 

sex hormones during adolescence are often implicated as exerting direct or 

potentiating effects on the central nervous system that relate to disturbances in 

mood (Susman et al., 1987). After stressful life events, high levels of estrogen have 

been found to mediate depressive symptoms (Brooks-Gunn and Warren, 1989). 

This is supported by animal studies, estrogen and progesterone can affect the 
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function of corticoid receptors in the brain of female rats (e.g. Weisser and Handa, 

2009), while no effects of androgens were found in male rats (Handa et al., 1994). 

However, although the mechanism is not clear, it is suggested that testosterone 

has antidepressant potency in human males (Pope et al., 2000).  

 

In conclusion 

Depression is a complex mental disorder, caused by interactions between 

vulnerability genes and environmental stressors. Psychosocial stress, such as 

chronic stress or stressful life events, is the most important environmental risk 

factor for a depressive period. Heritability of depression is moderate and seems to 

involve multiple genes underlying the function of several biological systems. 

Serotonergic neurotransmission, learning and memory processes and emotional 

and physiological responses to stress are often altered in people with depressive 

symptoms. Presence of parental depressive problems can be considered a proxy 

for the presence of transmitted vulnerability genes in a stressful or non-supportive 

family environment. The increase in depressive symptoms in adolescence is 

associated with increased social experiences with peers and maturation of the 

brain and reproductive system. Increasing levels of sex hormones influence the 

adolescent brain and responses to psychosocial stress. The risk to develop 

depressive symptoms after psychosocial stress is higher for women and emerges 

in adolescence, which may, in part, be explained by the effects of female sex 

hormones. The studies presented in this dissertation examine main effects and 

interaction effects of environmental stressors and genetic variation in genes 

involved in functioning of the stress system and neurotransmission in the brain on 

adolescents’ development of depressive symptoms. The next section explains how 

genetic effects in depression can be studied.  

 

 

GENETIC VARIANCE AND ASSOCIATION STUDIES  

 

Genetic variance 

Genetic variance is a consequence of sexual reproduction, a process in which 

genes from the father and mother are mixed to create new combinations. Genetic 

variance is essential for evolution because it enables the possibility to adapt to new 

environments. General information concerning DNA, genes and expression of 

genes is given in Box 1. Genetic variation exists on several levels. This dissertation 

deals only with the following genetic variants: Variable Number of Tandem Repeats 

(VNTR) and Single Nucleotide Polymorphisms (SNP). VNTRs consist of repeats of 

several nucleotides that can vary between individuals and between alleles of a 

gene. A SNP consists of one nucleotide substitution and is the most abundant form 

of DNA variation in the human genome. There are about 10 million common SNPs 
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(International HapMap Consortium, 2005). Both SNPs and VNTRs can be found 

everywhere in the DNA, and when they influence gene expression they are 

referred to as functional polymorphisms. In the field of genetic epidemiology there 

are several approaches to study the role of genetic variance in the aetiology of 

diseases (Caspi and Moffit, 2006). One of these approaches incorporates 

information from the environment and assumes that both environment and genes 

influence the susceptibility for a disorder. This approach fits well for development of 

depression, in which multiple genes with several allelic variants seem to interact 

with one another and with environmental risk factors.   

 

Association studies of endophenotypes and candidate genes  

Gene-gene (GxG) and gene-environment (GxE) interactions can best be studied by 

association analyses. Association studies test whether a particular allele in a 

candidate gene and a trait co-occur above change level, given the frequency of the 

allele and the distribution of the trait in the population (e.g. McCaffery et al., 2007). 

A valid association must have two prerequisites: the candidate gene product must 

be involved in a plausible biological pathway, and genetic variance must result in 

differences in development and/or function of the trait of interest (Hattersly and 

McCarthy, 2005). Endophenotypes refer to phenotypes that are present 

somewhere between a candidate gene and the disease (Gottesman and Shields, 

1973) and are useful in identifying traits of complex diseases such as depression. 

Significant associations between genetic variants and endophenotypes are easier 

to detect because they explain a larger part of the variance in the endophenotype 

than in the disease phenotype. This is due to the fact that the endophenotype is 

only influenced by a subset of the underlying genes for the disease. 

Endophenotypes can be identified by psychological, cognitive, neuroanatomical 

and biochemical measures. Hastler and colleagues (2004) proposed several 

endophenotypes in the search for depression-related genes.  

 

Considerations in statistical testing of associations  

GxG and GxE can be modelled by incorporating all statistical interaction terms 

between two genetic predictors, or between one genetic and one environmental 

predictor, into a regression analysis (Cordell, 2002). Effect sizes of individual genes 

in complex diseases are most likely very small. It is expected that a genetic variant 

explains about 2% of the variance in a complex disease (Nolte et al., 2009). To 

detect a small effect size with a power of a minimum of 80%, the sample must be 

of considerable size. For example, to detect a medium effect (f = 0.25, Cohen, 

1998) of a gene (allele frequency = 0.4) at α = 0.05, a sample size of 258 is 

needed. To detect a gene-environment interaction in which the environmental 

exposure is 30%, a sample size of 1,200 is needed (calculations from Nolte et al., 

2009). For example, to detect a medium effect (f = 0.25, Cohen, 1998) of a gene 
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(allele frequency = 0.4) at α = 0.05, a sample size of 258 is needed. To detect a 

gene-environment interaction in which the environmental exposure is 30%, a 

sample size of 1,200 is needed (calculations from Nolte et al., 2009).  

 

 

Box 1. Basics on DNA, genes and gene-expression 

DNA and genes 

Deoxyribonucleic acid (DNA) contains the genetic instructions for all living organisms. DNA 

consists of four types of nucleotides (Adenine, Tyrosine, Cytosine and Guanine) and is 

organised in two long molecules that together form the characteristic double helix structure. 

DNA is organised within chromosomes in the nucleus of each cell. Genes are the basic unit 

of heredity and are translated into gene products (mostly proteins), which are involved in the 

development and function of organisms. 

 

Figure 1. From gene to protein 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. From gene to protein 

 

Genotype and phenotype 

While a gene is the basic instruction for a protein, an allele is a variant of that instruction. All 

individuals receive one allele from their father and one from their mother. Alleles can differ 

slightly due to processes such as recombination and mutation. These small differences can 

result in different gene-products (e.g. receptors), which influence the function and survival of 

the individual. When both alleles of a gene are exactly the same, the genotype of this gene 

is referred to as homozygous. When a gene has two different alleles, it is referred to as 

heterozygous. While genotype refers to individuals’ genetic hardware, their phenotype 

describes behaviour and physical appearance and is the outcome of the genotype in a 

particular environment. ‘Environment’ must be understood in the broadest sense: 

developmental factors in the womb (e.g. smoking or malnutrition of the mother) and 

experience of psychosocial stress can all influence the cellular environment with 

consequences for gene expression.  

Gene expression  

A gene has coding sequences (exons) that 

determine what the gene does, and non-

coding sequences (introns) that are 

involved in regulation of gene expression. 

During transcription (see figure) both exons 

and introns are transcribed into a RNA 

(ribonucleic acid) molecule. This 

messenger RNA is transported out of the 

nucleus and into ribosomes where the RNA 

is translated. Each codon, consisting of 

three nucleotides, is translated into amino 

acid, which are the building block of 

proteins. This process is simplified 

illustrated in Figure 1.  
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(ENDO)PHENOTYPES AND CANDIDATE GENES FOR 

DEPRESSION 

 

Plausible candidate genes for depression are those involved in the functioning of 

the physiological response to stress and neurotransmission systems (Nestler et al., 

2002; Levinson, 2006). This dissertation examines the influence of SNPs in the 

mineralocorticoid receptor (MR) and glucocortoid receptor (GR) genes, the 5-

hydroxytryptamine-linked-polymorphic region (5-HTTLPR) in the serotonin 

transporter gene and a SNP in the brain-derived neurotrophic factor (BDNF) gene. 

Physiological responses to stress are considered an endophenotype of depression 

and will be indicated by cortisol and heart rate responses to a standardised social 

stress test. Additionally, depressive symptoms after experience of psychosocial 

stress are considered as a phenotype of depression and the influence of GxE and 

GxG interactions between stressful life events and allelic variance in the BNDF and 

serotonin transporter gene will be examined. The (endo)phenotypes and the 

candidate genes that will be examined in this dissertation are presented in Figure 

2.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. (Endo)phenotypes between candidate genes and depression (adapted from 

Hastler et al., 2004).  
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Brain-derived neurotrophic factor  

The brain-derived neurotrophic factor (BDNF), which is encoded by the BDNF 

gene, is involved in the growth, differentiation and survival of neurones and 

synapses (Huang and Reichardt, 2001). It is most active in brain areas involved in 

learning and memory, such as the hippocampus and the cortex. Depression has 

been associated with impaired learning and memory (Videbech and Ravnkilde 

2004), and decreased serum levels of BDNF were found in depressed patients 

(Karege et al., 2002). In rats, exposure to stress and glucocorticoids in the brain 

decreased the expression of the BDNF gene (Smith et al., 1995), while 

antidepressants and exercise increased BDNF expression (Russo-Neustadt et al., 

2000). A functional (G/A) SNP in the BDNF gene results in the conversion of the 

amino acid Valine into Methionine (val66met) (Egan et al., 2003). The met allele 

results in lower expression of the BDNF protein than the val allele (Bath et al., 

2006) and is associated with reduced hippocampal volume in healthy people 

(Szesko et al., 2005; Bueller et al., 2006) and in patients with major depression 

(Frodl et al., 2007). The met allele is also associated with impaired memory in 

healthy people (Hariri et al., 2003; Pezewas et al., 2004). 

 

Glucocorticoid receptor and mineralocorticoid receptor  

Stress causes an increase in the level of circulating corticosteroids (cortisol and 

corticosterone) by activation of the HPA axis (Box 2). In the brain, corticosteroids 

bind to the high affinity mineralocorticoid receptor (MR) and the lower affinity 

glucocorticoid receptor (GR), which suppresses the transcription of CRF and ACTH 

(Reul and de Kloet, 1985). The balance between occupation of GR and MR 

receptors influences the response of serotonergic neurons in the hippocampus 

(Porter et al., 2004), and imbalanced occupation has been associated with 

deregulation of the stress response (de Kloet et al., 1998). Allelic variation in the 

genes coding for the GR and MR receptor determines the availability and efficiency 

of the receptors (Russcher et al., 2007), which influences functioning of the HPA 

axis (Wüst et al., 2004). SNPs in both the GR and MR genes have been associated 

with cortisol and heart rate responses to stress (e.g. Wüst et al., 2004; DeRijk et 

al., 2006) and with depression (e.g. van Rossem et al., 2006; van West et al., 

2006; Hage et al., 2009). The associations with cortisol were found to be gender-

specific (Kumsta et al., 2007; Ising et al., 2008). The influence of two SNPs in the 

GR (BclI and 9beta) and in the MR gene (-2G/C and I180V) will be examined in this 

dissertation. Detailed information on these SNPs will be given in Chapter 6.  
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Box 2. Activation and negative feedback inhibition of the HPA axis during stress 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Function of the HPA axis during stress 

 

 

Serotonin transporter  

Communication between the amygdala, hippocampus and the HPA axis involves 

serotonergic neurotransmission (Box 3). Abnormalities in mood, such as those 

seen in depression, are associated with hypofunctioning of the serotonergic 

system. Decreased neurotransmission can be a consequence of depletion of 

serotonin, increased serotonin transporter function or decreased 5HT1A receptor 

function (Arango et al., 2001). Increasing extracellular serotonin levels can improve 

mood, as shown by antidepressant treatment (e.g. Schildkraut 1956). The 

serotonin transporter (SLC6A4) is involved in the termination of serotonergic 

neurotransmission. Selective serotonin re-uptake inhibitors (SSRIs) are 

antidepressants that block the serotonin transporter and increase signal 

transmission between neurons.  

 

A VNTR in the promoter region of the serotonin transporter gene (SLC6A4), 

consists of a 43bp insertion or deletion resulting in a short (s, lesser expression) or 

a long (l, greater expression) version of the gene (Heils et al., 1996). A single 

nucleotide substitution (A>G, rs25531) located immediately upstream of the 5-

HTTLPR (5-hydroxytryptamine-linked-polymorphic region) creates an lg allele that 

is functionally equivalent to the s allele because of reduced transcription via the 
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creation of a suppressor-binding site (Kraft et al. 2005; Wendland et al., 2006; 

Zalsman et al., 2006). Caspi and colleagues showed that the short allele was 

associated with a higher incidence of depression after psychosocial stress (Caspi 

et al., 2003), although a recent meta-analysis could not confirm this initial finding 

(Risch et al., 2009). Figure 5 shows a graphical representation of the 5-HTTLPR in 

the serotonin transporter gene. 

 

 

Box 3. Serotonergic neurotransmission 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Serotonergic neurotransmission 

Serotonin (5-HT) is involved in the regulation of sleep, wakefulness, feeding behaviour, 

mood and sexual activities. Serotonin is unable to pass the blood-brain barrier and is 

synthesized from L-tryptophan in the brain. After synthesis, serotonin is stored in vesicles in 

the axon terminal. Release of serotonin is controlled by the 1A (5HT1A) auto-receptor 

present in the pre-synaptic axon terminal. After release, serotonin can bind to several post-

synaptic receptors (1A,1B,1D,1F, 2A, 2C, 3). Extracellular serotonin is taken back from the 

synapse into the presynaptic neuron by the serotonin transporter, which terminates the 

signal transmission. Serotonin is re-used or degraded by the enzyme monoamine oxidase A 

(MAOA). 
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Figure 5. The 5-HTTLPR site in the serotonin transporter gene. Long and short refer to the 

presence or absence of the 43bp insertion/deletion polymorphism in the transcriptional 

control region TCR (light grey). This figure was generated based upon information presented 

by Ohara et al., (1998) and Kraft et al., (2005).  

 

 

 

OUTLINE OF THE DISSERTATION 

 

In this dissertation several environmental and genetic risk factors for development 

of depressive symptoms in adolescence are examined. More specifically: the 

influence of parental depressive symptoms (PDS), stressful life events (SLE), 

polymorphic candidate genes and gender are studied in a large adolescent sample 

(n = 2127). In a smaller sample (n = 715), the effects of PDS, polymorphic 

candidate genes and gender on the cortisol and heart rate response to a 

standardised social stress test (Groningen Social Stress Test - GSST) are studied.  

 

Chapter 2 describes the selection procedure and characteristics of the study 

samples and data collection procedures. Chapter 3 concerns adolescents’ cortisol 

responses to the GSST and the effects of gender, oral contraceptive use and 

menstrual cycle phase. Chapter 4 describes a study in which the influence of 

gender and parental depressive symptoms (PDS) on the relationship between 

SLEs and adolescent depressive symptoms was examined. In Chapter 5 a follow-

up study is presented in which the effect of PDS on adolescents’ cortisol responses 

to the GSST is explored. In Chapter 6, the association between SNPs in the GR 

and MR gene and cortisol and heart rate response to the GSST is examined. 

Chapter 7 concerns a study in which a gene-environment interaction effect of 5-

HTTLPR and adolescent stress on depressive symptoms was examined. In this 

study we accounted for differences in childhood stress experience, because early 
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experiences may modify the depressogenic effect of stress later in life. In Chapter 

8, a gene-gene-environment interaction effect is examined between the BDNF 

val/met, the 5-HTTLPR and childhood stress on adolescent depressive symptoms. 

Finally, in Chapter 9, the main findings of the dissertation studies are presented 

and discussed and directions for future research are given. A schematic 

representation of the associations that are examined in the six research chapters is 

presented in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Schematic representation of the associations examined in Chapter 3 to 8.  
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A gold standard is most golden  

In the eye of its inventors. 
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DESCRIPTION OF THE TRAILS SAMPLE 

 

TRacking Adolescents’ Individual Lives Survey is a large prospective population 

study of Dutch adolescents with bi- or triennial measurements from age 11 to at 

least age 25. The overall objective of the study is to contribute to the understanding 

of the determinants of adolescents’ mental (ill-)health and social development 

during adolescence and young adulthood, as well as the mechanisms underlying 

the associations between determinants and these outcomes. A particular aim is to 

focus on the interplay between individual characteristics and environmental factors. 

More information on the TRAILS study can be found in Huisman et al. (2008). So 

far, three assessments wave were completed which ran from, respectively, March 

2001 to July 2002, September 2003 to December 2004 and September 2005 to 

December 2007. At the first wave, 2230 children were enrolled in the study; the 

response rate was 76.0% at T2 and 81.4% at T3. Numbers of participants mean 

ages and percentages of girls are presented in Table 1.  

 

 

 

Selection of the TRAILS sample 

The sampling procedure consisted of two stages. First, five municipalities in the 

North of The Netherlands (including urban and rural areas) were requested to 

provide information from the community registers (i.e. name, date of birth, gender, 

address) of all inhabitants that were born between 1 October 1989 and 30 

September 1990 or between 1 October 1990 and 30 September 1991. 

Subsequently, all primary schools (including schools for special education) 

received a letter accompanied by detailed information about the goals, design and 

practical procedures of TRAILS. School participation was a prerequisite for eligible 

children and their parents to be approached. A total of 135 primary schools were 

identified, encompassing 3483 eligible children. Of the 135 schools 13 refused to 

participate, resulting in the exclusion of 338 children. Secondly, parents/guardians 

were informed through information brochures (one for themselves and one for their 

children) about the study goals, selection procedure, confidentiality and 

administered measures of the study. Shortly thereafter an interviewer contacted the 

parents by telephone to invite the parents and the child to participate. Of the 3145 

Table 1. Number of participants, mean age and percentage of girls in the three finished 

measurement waves of the TRAILS study. 

Wave  n  mean age  % girls  

T1  2230  11.09 (SD = 0.56)  50.8 

T2  2149  13.65 (SD = 0.53)  51.0 

T3  1816  16.28 (SD = 0.71)  52.3 
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remaining eligible children 210 were excluded because they were either unable to 

participate or incapable to participate due to severe mental retardation or due to a 

serious physical illness or handicap, or if no Dutch-speaking parent or parent 

surrogate was available (Turkish and Moroccan parents who were unable to speak 

Dutch were interviewed in their own language). After intensive recruitment efforts 

(including telephone calls, reminder letters and home visits), a total of 2230 

children (76.0%) were included in the study at baseline (T1).  

 

Selection of the TRAILS focus sample  

At the third assessment wave a group of adolescents were invited to perform a 

series of laboratory tasks (hereafter referred to as the experimental session) in 

order to study a diversity of research questions within the TRAILS study. Of the 

744 adolescents that were invited 715 (96.1%) agreed to participate. This sample 

consisted of 473 (66.2%) adolescents with an increased risk to develop mental 

health problems in order to increase the power to detect mental health-related 

differences in response patterns. High risk was defined based on baseline 

temperament (high scores on frustration and fearfulness, low scores on effortful 

control), parental psychopathology (depression, anxiety, addiction, psychoses, or 

antisocial behaviour), and environmental risk (living in a single-parent family). The 

other 33.8% (n = 242) were randomly selected from the total TRAILS sample. In 

Appendix I at the end of this chapter, more information is provide on the selection 

procedure and the numbers of participants in each stratum. Please note that, 

although high-risk adolescents were oversampled, the sample included the total 

range of mental health problems present in a community population of adolescents, 

only in a different distribution. Selection of a sample that is likely to be enriched for 

genetic susceptibility for stress-related disorders is useful in associating genetic 

variation with stress-related endophenoptypes (Caspi and Moffit, 2006). However, 

with regard to the candidate genes examined in this dissertation, no differences in 

allele frequencies were found between the total TRAILS sample and the TRAILS 

focus sample (see Table 3, Appendix II). 

 

 

PROCEDURES OF THE DATA COLLECTION 

 

In this dissertation, data is used from the parent interview at T1, self-report and 

parent report questionnaires at all three assessment waves, DNA genotyping at T3, 

and a social stress test which was part of the experimental session at T3. Specific 

measures used in the studies are described in more detail in the research 

chapters.   
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Parent interview at T1 

Well-trained interviewers visited one of the parents or guardians (preferably the 

mother, 95.6%) at their homes to administer an interview covering a wide range of 

topics, including the child’s developmental history and somatic health and parental 

psychopathology and care utilization.  

 

Questionnaires at T1, T2, T3 

At each assessment wave, participants filled out questionnaires in groups at the 

schools under the supervision of one or more TRAILS assistants. Additionally, 

parents were asked to fill out a questionnaire covering health, behaviour and 

development of their child. At T3, both biological parents were asked to report 

about own lifetime psychopathological problems.   

 

Event History Calendar at T3 

At T3 stressful life events (SLEs) were assessed 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). Participants were asked about events that 

had occurred since the first assessment wave (age 11). The SLEs that were used 

in the studies are listed in Appendix III.   

 

Experimental session and cortisol collection at T3 

At T3, the aforementioned focus sample participated in an experimental session in 

which behavioural and psycho-physiological responses (autonomic, cortisol, 

subjective arousal) to a variety of challenging conditions were recorded. These 

conditions included orthostatic stress (from supine to standing), a spatial orienting 

task, a gambling task, an EMG startle reflex task, and a social stress test. The 

experimental protocol was approved by the Central Committee on Research 

Involving Human subjects (CCMO). The test assistants, 16 in total, received 

extensive training in order to optimize standardisation of the experimental session.  

 

Setting and instructions 

The experimental sessions took place on weekdays, in sound-proof rooms with 

blinded windows at selected locations in the participants’ residence town. The 

sessions lasted about three hours and 15 minutes, and started between 08:00h 

and 09:30h (morning sessions, 43.8%) or between 12:30h and 02:30h (afternoon 

sessions). Although free salivary cortisol levels may be higher in the morning due 

to the circadian rhythm of cortisol production, morning and afternoon cortisol 

responses to social stress have been reported to be comparable at different times 

of the day (Kudielka et al., 2004). The participants were asked to collect two 

morning saliva samples on the day of the experimental session, one directly after 

waking up (Co1) (mean time of awakening = 07:39h, SD = 1:10h) and one 30 
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minutes later (Co2). They were instructed not to eat, brush their teeth, or engage in 

heavy exercise during this half hour, and to bring the saliva samples with them to 

the test location. In addition, we asked the participants to refrain from smoking and 

from using coffee, milk, chocolate, and other sugar-containing foods in the two 

hours before the session. At the start of the session, the test assistant, blind to the 

participants’ risk status, explained the procedure and administered a short checklist 

on current medication use (including oral contraceptive (OC) use), quality of sleep, 

and physical activity in the last 24 hours, and attached the equipment for heart rate 

and blood pressure measurements. Next, participants filled out four computerized 

questionnaires, assessing life events in the past week, state and trait anxiety, 

mood states, and feelings and thoughts in the last month. The participants were 

asked to relax until 35 minutes after the start of the session. After this period of 

rest, heart rate and blood pressure were recorded for a period of five minutes, in 

which the participants had to sit still and were not allowed to speak. Afterwards, the 

first cortisol sample was collected (Ce1). Subsequently, the challenges (i.e., 

laboratory tasks) were administered in the before-mentioned order. Every task was 

followed by a short break, during which participants reported subjectively 

experienced arousal by means of the Manikin task (Bradley and Lang, 1994). The 

social stress test was the last challenge of the experimental session. Detailed 

information about this test is presented in the next paragraph. Following the social 

stress test, the participants were debriefed about the experiment and could relax 

for about 15 minutes, after which heart rate and blood pressure were recorded 

once more and anxiety and mood were assessed again.  

 

The Groningen Social Stress Test (GSST) 

The Groningen social stress tests protocol was inspired by the Trier Social stress 

test (TSST; Kirschbaum et al., 1993) and the child version of the TSST (Buske-

Kirschbaum 1997). Two main differences between these tests and ours concern 

the number of test-assistants (one in the GSST, three and two in the TSST and 

TSST-child, respectively), and the content of the speech task. Similar to the GSST, 

both the TSST and the TSST-child version end with a mental arithmetic task. 

Despite these differences, the GSST encompasses the three most important 

triggers of HPA axis: uncontrollability, threat of failure, and fear of negative social 

evaluation (Dickerson and Kemeny, 2002), and participants rated the GSST as the 

most stressful test of the experimental session (Oldehinkel, unpublished data). 

Furthermore, the GSST has shown to elicit significant changes in the 

cardiovascular and HPA system in various samples, including ours (Benschop et 

al., 1998; Van der Pompe et al., 1998; Bouma et al., 2009). During the GSST, heart 

rate was recorded continuously. Blood pressure was not recorded continuously so 

that the participants could move their hands freely to express themselves during 

the task. Participants were, on the spot, instructed to prepare a six-minute speech 
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about themselves and their lives and deliver this speech in front of the 

experimenter and a recording video camera. They were told that their videotaped 

performance would be judged on content of speech as well as on use of voice and 

posture and rank-ordered by a panel of peers after the experiment. The risk if being 

judged negatively by peers was included to induce threat of social rejection. 

Participants had to speak continuously for the whole period of six minutes. The 

experimenter watched the performance critically, without showing empathy or 

encouragement. After six minutes of speech, the participants were told that there 

was a problem with the computer and they had to sit still and be quiet. This 

interlude lasted three minutes, and was meant to asses cardiovascular recordings 

without the disturbance of speech on respiration recordings. After the interlude, 

participants were instructed to repeatedly subtract 17, starting at 13278. This 

difficult task was meant to induce a sense of uncontrollability. Uncontrollability was 

further provoked by negative feedback by the test assistant, including remarks 

such as, “No, wrong again, begin at 13278”, “Stop wiggling your hands” or “You are 

too slow, be as quick as you can, we are running out of schedule”. After six 

minutes of mental arithmetic, heart rate was recorded again during a three-minute 

period in which the participant was not allowed to speak. Directly after the GSST 

participants were ask to report their subjective arousal. Figure 2 shows a schematic 

representation of the GSST.   

 

Cortisol collection   

Cortisol was assessed from saliva by the Salivette sampling device (Sarstedt, 

Numbrecht, Germany) containing a small swab in a plastic tube on which the 

participants had to chew for 60 seconds, until the swab was soaked with saliva. 

This manner of collecting cortisol is relatively stress-free and avoids confounding 

by stress responses e.g. as induced by venipuncture (Schmidt, 1997). Correlations 

between saliva cortisol levels and serum cortisol concentrations are high 

(Kirschbaum and Hellhammer, 1994; Goodyer et al., 1996). Salivary cortisol levels 

rise about 15 to 20 minutes after a psychological stressor (Sharpley and McLean, 

1992). The first sample, Ce2, was taken just before the start of the GSST and 

reflects HPA axis activity when participants filled out a rating scale while sitting 

quietly. Ce3 was collected directly after the end of the GSST and reflects response 

of the HPA axis during speech. Ce4 and Ce5, collected 20 respectively 40 minutes 

after the end of the GSST, are considered measures of post-stress activity. Timing 

of cortisol sampling is schematically presented in Figure 1.  

 

After the test, salivettes were stored at -20
o
 C until analysis. After the experimental 

session, the samples were placed in a refrigerator at 4
o
 C, and within half a week 

brought to the laboratory of the University Medical Centre in Groningen, where they 

were stored at -20
o
 C until analysis. The intra-assay coefficient of variation was 
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8.2% for concentrations of 1.5 nM, 4.1% for concentrations of 15 nM, and 5.4% for 

concentrations of 30 nM. The inter-assay coefficients of variation were, 

respectively, 12.6%, 5.6%, and 6.0%. The detection border was 0.9 nM.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic overview of the Groningen Social Stress Test within the timeframe of 

the experimental session.  

  

 

DNA collection at T3 and genotyping  

At T3, DNA was collected of 1460 adolescents of whom 99.6% was successfully 

genotyped. Only adolescents from Caucasian descent were included in the 

analyses presented in the studies. 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 SNPs in the MR, GR and BDNF gene 

SNPs were genotyping at the Genome Analysis Facility, Department of Genetics, 

University Medical Centre Groningen, University of Groningen, the Netherlands. 

Genotyping was done on the Golden Gate Illumina BeadStation 500 platform 

(Illumina Inc., San Diego, CA, USA) by laboratory personnel blinded to the identity 

of the individual samples. The used assay was designed within the framework of 

various research questions of the TRAILS study. Genotyping of all samples was 

performed following the manufacturers protocol. Genotyping data and clustering 

was performed in BeadStudio 3.0 (Illumina Inc., San Diego, CA, USA). Clustering 

clouds were manually investigated and adjusted if necessary.  
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Genotyping serotonin transporter polymorphic region  

Genotyping of the 5-HTTLPR polymorphism was done at the Research lab for 

Multifactorial Diseases within the Human Genetics department of the Radboud 

University Nijmegen Medical Centre in Nijmegen, The Netherlands. Genotyping the 

promoter region of SLC6A4 (5-HTT, SERT) gene was performed by simple 

sequence length analysis. PCR was on 50 ng genomic DNA using 0.5 µM 

fluorescently labeled forward primer (FAM-5’-GGCGTTGCCGCTCTGAATGC-3’) 

and reverse primer (5’-GAGGGACT-GAGCTGGACAACCAC-3’), 0.25 mM dNTPs, 

1x PCR optimization buffer A (30 mM Tris-HCl pH 8.5, 7.5mM (NH4)2SO4, 0.75 

mM MgCl2), 10% DMSO and 0.4 U AmpliTaq Gold® DNA Polymerase (Applied 

Biosystems, Nieuwerkerk a/d Ijssel, The Netherlands). The cycling conditions for 

the polymerase chain reaction started with 12 min at 95°C, followed by 35 cycles of 

1 min at 94°C, 1 min at the optimized annealing temperature (57.5°C), and 2 min. 

72°C, then followed by an extra 10 min 72°C. Determination of the length of the 

alleles was performed by direct analysis on an automated capillary sequencer 

(ABI3730, Applied Biosystems) using standard conditions. The single nucleotide 

substitution (A>G) present in the SLC6A4 long ‘l’ allele (rs25531) (Zalsman et al., 

2006) 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). This 

assay consisted of 2 primers (forward: CCCTCGCGGCATCCC, reverse: 

ATGCTGGAAGGGCTGCA) and 2 fluorescently labeled probes (VIC-

CTGCACCCCCAGCAT, FAM-CTGCACCCCCGGCAT). Genotyping was carried 

out in a volume of 10 µl containing 10 ng of genomic DNA, 5 µl of Taqman 

Mastermix (2x; Applied Biosytems), 0.25 µl of the Taqman assay (40x) and 3.75 µl 

of water. Genotyping 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). 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. The genotyping assay was carried out in a CCKL quality-

certified laboratory. The HTTLPR assay has been validated earlier. Generally, 3% 

blanks as well as duplicates between plates were taken along as quality controls 

during genotyping. 

 

Allele frequencies Allele frequencies of the polymorphisms in the candidate genes 

used in this dissertation (MR, GR, BNDF, 5-HTTLPR) were comparable between 

the total TRAILS sample and the TRAILS focus sample (See Appendix II).   
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APPENDIX I. SELECTION PROCEDURE FOCUS SAMPLE 

 

Selection procedure 

At the third assessment wave a group of adolescents were invited to participate in 

an experimental session. In order to increase the power to detect mental health-

related differences in response patterns a large part of this focus sample would be 

selected from adolescents with an increased risk to develop mental health 

problems. Initially, we planned to invite 810 adolescents to participate in the 

behavioural experiment at T3: 600 (300 boys, 300 girls) from high risk strata (75%) 

and the remaining 210 (105 boys, 105 girls) randomly from the total sample without 

any of the risk criteria (25%). Selection numbers are based on n = 2223 op which 

stratum data were available at T1.  

 

Selection criteria high risk strata  

High risk was defined based on the following three indicators. A) Temperament, 

as measured with the Early Adolescent Temperament Questionnaire (EATQ) at T1. 

High scores on frustration ≥ 90e percentile, or Fear ≥ 90e percentile or Effortful 

Control ≤ 10e percentile were indicated as high risk (NA = 597 (27,8%), 273 girls; 

324 boys). B) Parental psychopathology: at least on parent with severe 

psychopathology (depression, anxiety, addiction, psychoses, or antisocial 

behaviour), based on information of the parent interview at T1.  C) Environmental 

risk (at least one of the biological parents is not living with the participant) NC = 

509 (23,7%), 264 girls, 245 boys. On the basis of these risk indicators (A,B,C) we 

constructed eight strata as indicated in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Strata formation percentages 

Stratum n total (%) n girls (%) n boys (%) 

No A, B, C 939 (42.2) 477 (42.2) 462 (42.2)  

A 303 (13.6)  138 (12.2) 165 (15.1)  

B 317 (14.3)  175 (15.5) 142 (13.0)  

C 175 (7.9) 96 (8.5)  79 (7.2) 

A & B 138 (6.2) 66 (5.8)  72 (6.6)  

A & C 66 (3.0)  25 (2.2)  41 (3.7)  

B & C 175 (7.9)  99 (8.8)  76 (6.9)  

A, B & C 110 (4.9) 53 (4.7)  57 (5.2)  

Total  2223 (100) 1129 (100) 1094 (100) 
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Exclusion criteria  

Participants were excluded from selection for the TRAILS focus sample if their 

physical condition made participation impossible and/or would interfere with 

collection of the measures (for example use of corticosteroids, eye or ear 

impairment). Participants were also excluded when they lived more than 100 km 

away from a test location since travelling long distances could interfere with the 

behaviour during the experiment
1
.  

 

Final numbers 

The final numbers in each stratum are presented in Table 2. Because of non-

response in certain strata, the goal of measuring 810 participants could not be 

reached. For example the combination of A&C is less prevalent in girls than in 

boys. The numbers and percentages in Table 1 and Table 2 might therefore differ 

slightly. In total, 744 adolescents were invited and 715 agreed to participate. In the 

research chapters we divided participants in low risk group (no A,B & C) and in the 

high risk groups (all other strata).  

 

 

                                                 
1
 It is not plausible that moving to a city further away would be associated with specific risk 

factors. 

 

Table 2. Final division of strata in the Focus sample 

Stratum n total (%) n girls (%) n boys (%) 

No A, B, C 242 (33.8) 123 (33.8)  119 (33.9) 

A 109 (15.2) 56 (15.4) 53 (15.1) 

B 103 (14.4) 52 (14.3) 51 (14.5) 

C 66 (9.2) 38 (10.4) 28 (8.0) 

A & B 65 (9.1) 32 (8.8) 33 (9.4) 

A & C 23 (3.2) 10 (2.7)  13 (3.7) 

B & C 64 (9.0) 33 (9.1) 31 (8.8) 

A, B & C 43 (6.0) 20 (5.5) 23 (6.6) 

Total  715 (100) 364 (100) 351 (100) 
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APPENDIX II. ALLELE FREQUENCIES OF POLYMORPHIC 

GENES 

 

Table 3. Frequencies of the polymorphic genes in the Total TRAILS sample and the 

TRAILS Focus sample 

   Total Sample  Focus Sample   

Polymorphism SNP n MAF  n  MAF 

GR- BclI  C/G 1454 G = 0.37  649 G = 0.38 

GR- 9beta A/G 1454  G = 0.16  649 G = 0.16 

MR- I180V A/G 1453 G = 0.14  648 G = 0.13 

MR -2G/C G/C 1454 C = 0.49  649 C = 0.50 

BDNF val/met G/A 1452 A = 0.20  647 A = 0.19 

5-HTTLPR La/SLg 1414 S/Lg = 0.49 633 S/Lg = 0.49 

Note: MAF = minor allele frequency. The frequency differences between the total sample 

and the focus sample were not significant. 
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APPENDIX III. STRESSFUL LIFE EVENTS 

   

The following stressful life events were included in the SLE measure
2
 described in 

Chapter 4
3
 and Chapter 7

4
:  

 

I have had an illness or accident  

Somebody in my family had an illness or accident  

A good friend had an illness or accident  

My mother died  

My father died 

My brother or sister died  

Somebody else I cared about died  

I had to repeat a class 

I was expelled from school  

My parents lost their job  

I lost a good friend because of a fight  

My boyfriend/girl friend broke up with me  

My parents got divorced of broke up  

I run away from home  

Somebody used violence against me  

I was bullied  

Our family moved to another city  

I moved to another family  

Somebody from my family moved away  

Somebody moved in with my family   

I had a fight with friends  

I had a fight with somebody in the family  

There were fights between my family members  

I lost contact with somebody  

I lost contact with a friend because he/she moved away 

                                                 
2
 Every event could be scored on severity on a scale from 0 (= no severe at all) to 3 (= very 

severe). Only events with a minimal score of 1 were included in the final sum score. 
3
 Based on Stressful Life Events Questionnaire T3. 

4 Based on Event History Calendar T3. 
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ABSTRACT 

Studies on the influence of sex hormones on cortisol responses to awakening 

and stress have mainly been conducted in adults, while reports on adolescents 

are scarce. We studied the effects of gender, menstrual cycle phase and oral 

contraceptive (OC) use on cortisol responses in a large sample of adolescents. 

Data come from TRAILS (TRacking Adolescents’ Individual Lives Survey), a 

prospective population study of Dutch adolescents. This study uses data of 644 

adolescents (age 15-17 years, 54.7% boys) who participated in a laboratory 

session including a performance-related social stress test (public speaking and 

mental arithmetic). Free cortisol levels were assessed by multiple saliva 

samples, both after awakening and during the laboratory session. No significant 

effects of gender (F (1,425) = 1.13, p = .29) and menstrual phase (F (1,137) = 

0.11, p = .74) on cortisol responses to awakening were found, while girls using 

OC displayed a slightly blunted response (F (1,244)  =  5.30, p =  .02). Cortisol 

responses to social stress were different for boys and free-cycling girls 

(F(3,494) = 9.73, p < .001), and OC users and free-cycling girls (F(3,279) = 

15.12, p < .001). Unexpectedly, OC users showed no response at all but 

displayed linearly decreasing levels F(1,279) = 19.03, p < .001) of cortisol 

during the social stress test. We found no effect of menstrual cycle phase on 

cortisol responses to social stress (F(3,157) = 0.58, p = .55). The absence of a 

gender difference in the adolescents’ cortisol awakening response found in this 

study is consistent with previous reports. Our results further suggest that 

adolescent OC users display slightly blunted cortisol responses after 

awakening, and that gender differences in cortisol responses to social stress 

during adolescence are comparable to those described for adult populations, 

that is, stronger responses in men than in women. Whereas previous work in 

adults suggested blunted stress responses in OC users compared to men and 

free-cycling women, adolescent OC users showed no cortisol response. Effects 

of type of OC could not be studied because of low numbers of OC that were 

only progestin based. 
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INTRODUCTION 

 

Adolescence is an important period to study psycho-physiological responses to 

stress, because it is associated with increasing levels of sex hormones which 

modulate activation and feedback of one of the major stress systems of the body, 

the Hypothalamus-Pituitary-Adrenal (HPA) axis (Conrad et al., 2004). 

Nevertheless, studies concerning responses of the HPA axis towards social stress 

have mainly been conducted in adult populations (Wüst et al., 2000; Kudielka and 

Kirschbaum, 2005; Kajantie and Phillips, 2006; Uhart et al., 2006). This is 

remarkable since animal studies indicate that adult HPA axis responses to acute 

and chronic stress are different from those in adolescents, for instance, adolescent 

rats have been found to show prolonged HPA activation after exposure to stressful 

stimuli compared to adult rats (Romeo et al., 2006; McCormick and Mathews, 

2007). Previous research on cortisol responses to social stress tests suggests no 

differences between boys and girls before the onset of puberty (Buske-Kirschbaum 

et al., 1997; Tout et al., 1998). Increases in sex hormones are dissimilar for 

adolescent boys and girls, which may be one of the mechanisms for the profound 

gender difference in stress-related disorders that emerge in adolescence (Nolen-

Hoeksema, 2001) such as depression (Angold et al. 1998). 

 

During adolescence, estrogen and progesterone levels are increasing in girls, while 

testosterone levels rise in boys. In male rodents, stress responses are diminished 

by high levels of testosterone (Viau, 2002), but in humans the influence of 

testosterone on the stress response is not very clear. Animal studies further 

indicate that estrogens have complex regulatory effects on cortisol receptors, 

resulting in up and down regulation of stress responsiveness, depending on type of 

receptor, region of the brain where the receptors are located, and estrus cycle 

(Pfeiffer et al., 1991; Burgess and Handa, 1992; Handa et al., 1994). Estrogen 

promotes the synthesis of corticoid binding globulin (CBG) (Moore et al., 1978), 

which can bind up to 90% of free circulating cortisol (Siiteri et al., 1982). In this 

way, it can alter both activation and feedback of the HPA axis during homeostasis, 

stress and pharmaceutical challenges (Jacobs et al., 1989; Kirschbaum et al., 

1999; Kumsta et al., 2007). Progesterone can diminish the effectiveness of the 

HPA axis feedback by binding to cortisol receptors (Svec, 1991) and increase the 

rate of dissociation of cortisol from such receptors (Rousseau et al., 1972). Several 

studies (reviewed by Kudielka and Kirschbaum, 2005) have shown that men 

display higher levels of cortisol than women in response to laboratory social stress 

tests. This is contrary to findings regarding cortisol responses towards awakening, 

which rather seem to indicate that women have higher levels than men 30 minutes 

after awakening (Pruessner et al., 1997, Wüst et al., 2000), although this gender 
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difference was not always replicated (Edwards et al., 2001). Because of the 

difference effects of male and female sex hormones on HPA function, adolescent 

boys and girls are also likely to display different cortisol responses to stress. 

Because of the cortisol-binding effects of estrogens, we expected lower cortisol 

responses in girls than in boys.  

 

In girls, levels of sex hormones not only increase during adolescence, but also 

fluctuate during the menstrual cycle. In the follicular phase, the period before 

ovulation, estrogen levels are high and progesterone levels are low, while in the 

subsequent luteal phase progesterone levels are high while estrogens are lower 

than in the follicular phase (Fox, 1999). Differences in phase have not been 

associated with the cortisol response to awakening (Kudielka and Kirschbaum, 

2003), but fluctuations in estrogen and progesterone levels may influence the 

response and feedback-loop of the HPA axis during stress. Women in the luteal 

phase have shown higher cortisol responses than women in the follicular phase 

(Altemus et al., 1997; Kirschbaum et al., 1999; Wolf et al., 2001; Rohleder et al., 

2003). This suggests a reduced sensitivity of the HPA feedback loop in periods 

when estrogen levels are high.  

 

Adolescence is a period of sexual maturation, in which boys and girls start to 

engage in sexual activities and girls start using oral contraceptives (OC). Most of 

these OCs contain ethinylestradiol and a progestin that inhibits ovulation and 

reduces natural levels of estrogen and progesterone (Likis, 2002). Like natural 

estrogens, ethinylestradiol induces CBG synthesis (Wiegratz et al., 2003), resulting 

in an increasing level of CBG during the course of OC-intake. In concordance with 

this, (Reinberg et al., 1996), found that OC users had lower mean salivary cortisol 

values than non-users during a 24-hour cortisol assessment profile. With respect to 

the influences of OC on the cortisol response to awakening (CAR), Pruessner and 

collegues (1997) report an attenuated CAR, but this was not replicated by Wüst et 

al., (2000). When confronted with a social stress test, OC users had lower saliva 

cortisol compared to free-cycling women in several studies (Kirschbaum et al., 

1999; Rohleder et al., 2003). However, Brody (2002) reported no differences 

between OC users and non-users in cortisol responses to a social stress test. 

Hence, findings concerning the effects of OC on awakening and social stress are 

contradicting. This might be due to the duration of OC-intake; possibly, long-term 

OC use has a different effect on the response to stress than use for a shorter 

period of time.  

 

Higher-order regulatory parts of the cortical brain are still maturing during 

adolescence (Gogtay et al., 2004). Corticol activities regulate activities of 

subcorticol regions such as the hypothalamus and the amygdala (Lewis and Todd, 
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2007), and thus emotional responses may be different in adolescents compared to 

adults. Sex hormones influence mood and coping with stress because of their 

interactions with receptors in these brain areas (Chrousos et al., 1998; Levine, 

2002). It is therefore highly relevant to study hormonal factors involved in the 

function of the HPA axis in adolescence. This study concerns cortisol responses to 

awakening and to performance-related social stress in a large sample of 

adolescent boys and girls. We examined possible modulating effects of sex 

hormones by comparing boys and girls, and by examining effects of menstrual 

cycle phase and oral contraceptives.  

 

 

METHODS 

 

Participants  

The data were collected in a focus sample 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. TRAILS 

participants were selected from five municipalities in the Northern part of the 

Netherlands. The three assessments waves finished so far ran from, respectively, 

March 2001 to July 2002 (T1), September 2003 to December 2004 (T2), and 

September 2005 to December 2007 (T3). At T1, 2230 children were enrolled in the 

study (response rate 76.0%, see De Winter et al., 2005) of whom 1816 (81.4%) 

participated at T3.  

 

During T3, 744 adolescents were invited to perform a series of laboratory tasks 

(hereafter referred to as the experimental session) on top of the usual 

assessments, of whom 715 (96.1%) agreed to do so. Adolescents with a high risk 

of mental health problems had a greater chance of being selected for the 

experimental session. High risk was defined based on baseline temperament (high 

scores on frustration and fearfulness, low scores on effortful control), parental 

psychopathology (depression, anxiety, addiction, psychoses, or antisocial 

behavior), and environmental risk (living in a single-parent family). In total, 66.0% 

of the sample had at least one of the above-described risk factors. The remaining 

34.0% were randomly selected from the total TRAILS sample. More detailed 

information on the selection procedure and response rates within each stratum can 

be found in Appendix I of Chapter 2. Adolescents with missing data on OC use or 

menstrual cycle phase were discarded, leaving a sample of 644 adolescents (mean 

age 16.13, SD = 0.59, 54.7 % boys) for analysis.  
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Procedure 

Experimental session 

During the experimental session, participants’ psycho-physiological responses 

(cardiovascular, cortisol, subjective arousal) to a variety of challenging conditions 

were recorded. These conditions included orthostatic stress (from supine to 

standing), a spatial orienting task, a gambling task, a startle reflex task, and a 

social stress test. The experimental protocol was approved by the Central 

Committee on Research Involving Human subjects (CCMO). The test assistants, 

16 in total, received extensive training in order to optimize standardisation of the 

experimental session.  

 

The experimental sessions took place on weekdays, in sound-proof rooms with 

blinded windows at selected locations in the participants’ residence town. The 

sessions lasted about three hours and 15 minutes, and started between 08:00h 

and 09:30h (morning sessions, 49%) or between 01:00h and 02:30h (afternoon 

sessions, 51%). Although free salivary cortisol levels may be higher in the morning 

due to the circadian rhythm of cortisol production, morning and afternoon cortisol 

responses to social stress have been reported to be comparable (Kudielka et al., 

2004). The participants were asked to collect two morning saliva samples on the 

day of the experimental session, one directly after waking up (Co1) (mean time of 

awakening = 07:39h, SD = 1:10h) and one 30 minutes later (Co2). They were 

instructed not to eat, brush their teeth, or engage in heavy exercise during this half 

hour, and to bring the tubes with them to the test location. In addition, we asked the 

participants to refrain from smoking and from using coffee, milk, chocolate, and 

other sugar-containing foods in the two hours before the session. At the start of the 

session, the test assistant, blind to the participants’ risk status, explained the 

procedure and administered a short checklist on current medication use (including 

OC), quality of sleep, and physical activity in the last 24 hours, and attached the 

equipment for heart rate and blood pressure measurements. Next, participants 

filled out four computerized questionnaires, assessing life events in the past week, 

state and trait anxiety, mood states, and feelings and thoughts in the last month. 

The participants were asked to relax until 35 minutes after the start of the session. 

After this period of rest, heart rate and blood pressure were recorded for a period of 

five minutes, in which the participants had to sit still and were not allowed to speak. 

Afterwards, the first cortisol sample was collected (Ce1). Subsequently, the 

challenges (i.e., laboratory tasks) were administered in the before-mentioned order. 

Every task was followed by a short break, during which participants reported 

subjectively experienced arousal. The social stress test was the last challenge of 

the experimental session. Detailed information about this test is presented in the 

next paragraph. Following the social stress test, the participants were debriefed 

about the experiment and could relax for about 15 minutes, after which heart rate 
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and blood pressure were recorded once more and anxiety and mood were 

assessed again.  

 

The Groningen Social Stress Test (GSST) 

The GSST is a standardised protocol, inspired by the Trier Social stress test 

(Kirschbaum et al., 1993) for the induction of moderate performance-related social 

stress. The GSST has been found to elicit significant changes in heart rate and in 

the HPA system (Benschop et al., 1998; Van der Pompe et al., 1998). During the 

GSST, heart rate was recorded continuously. Blood pressure was not recorded so 

that the participants could move their hands freely to express themselves during 

the task. Participants were, on the spot, instructed to prepare a six minute speech 

about themselves and their lives and deliver this speech in front of a video camera. 

They were told that their videotaped performance would be judged on content of 

speech as well as on use of voice and posture, and rank-ordered by a panel of 

peers after the experiment. The risk if being judged negatively by peers was 

included to induce threat of social rejection. Participants had to speak continuously 

for the whole period of six minutes. The test assistant watched the performance 

critically, without showing empathy or encouragement. After six minutes of speech, 

the participants were told that there was a problem with the computer and they had 

to sit still and be quiet. This interlude lasted three minutes, and was meant to asses 

cardiovascular recordings without the disturbance of speech on respiration 

recordings. After the interlude, participants were instructed to subtract 17 

repeatedly, starting with 13278. This difficult task was meant to induce a sense of 

uncontrollability. Uncontrollability was further provoked by negative feedback by the 

test assistant, including remarks such as, “No, wrong again, begin at 13278”, “Stop 

wiggling your hands” or “You are too slow, be as quick as you can, we are running 

out of schedule”. After six minutes of mental arithmetic, heart rate was recorded 

again during a three minute period in which the participant was not allowed to 

speak. Directly after the GSST participants were ask to report their subjective 

arousal.  

 

Saliva sampling during the GSST 

HPA axis responses towards the GSST were assessed by four cortisol samples, 

referred to as Ce2, Ce3, Ce4, and Ce5. Ce2 was taken just before the start of the 

GSST. There is a delay of approximately 20 minutes between the production of 

cortisol by the adrenal glands and the detectability of representative levels of 

cortisol in saliva. Ce2 hence reflects HPA axis activity 20 minutes earlier, when the 

participants filled out a rating scale, and is considered a pretest measure. The first 

cortisol sample (Ce1), taken at the start of the experimental session (approximately 

1 hour before the start of the GSST), could not be used as pretest sample in the 

analyses because of relatively high cortisol levels, probably reflecting anticipation 
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stress. Ce3 was collected directly after the end of the GSST and reflects HPA axis 

responses during speech. Ce4 and Ce5, collected 20 respectively 40 minutes after 

the end of the GSST are considered measures of post-stress activity of the HPA 

axis.  

 

Measures  

Cortisol was assessed from saliva by the Salivette sampling device (Sarstedt, 

Numbrecht, Germany) containing a small swab in a plastic tube on which the 

participants had to chew for 60 seconds, until the swab was soaked with saliva. 

This manner of collecting cortisol is relatively stress-free and avoids confounding 

by stress responses e.g. as induced by venipuncture (Schmidt, 1997). Correlations 

between saliva cortisol levels and serum cortisol concentrations are high 

(Kirschbaum and Hellhammer, 1994; Goodyer et al., 1996). After the experimental 

session, the samples were placed in a refrigerator at 4 degrees Celsius, and within 

half a week brought to the laboratory of the University Medical Center in 

Groningen, where they were stored at -20
o
 C until analysis. The intra-assay 

coefficient of variation was 8.2% for concentrations of 1.5 nM, 4.1% for 

concentrations of 15 nM, and 5.4% for concentrations of 30 nM. The inter-assay 

coefficients of variation were, respectively, 12.6%, 5.6%, and 6.0%. The detection 

border was 0.9 nM. Missing morning cortisol samples values (Co1, n = 28, Co2, n 

= 18) were due to the following reasons: participants forgot to bring the tubes 

(47%), incorrect sampling (eating or brushing teeth between samples, or more than 

35 minutes between the samples, 51%), or the invitation for the session did not 

include tubes (2%). Experimental samples were missing (Ce1, n = 13, Ce2, n = 12, 

Ce3, n = 8, Ce4, n = 10, Ce5, n = 12) due to detection failures in the lab (60%) or 

insufficient saliva in the tubes (40%). Missing values were imputed on the basis of 

group mean and standard deviation for the missing cortisol sample and the mean 

of participants’ cortisol samples that were present.   

 

Cortisol response variables were computed to compare the response to awakening 

and the social stress test with the other variables. CAR was calculated by 

subtracting Co1 from Co2. In order to calculate the response to the GSST we first 

calculated the peak cortisol production (indicated by Ce3, Ce4 or Ce5). The 

maximum increase (Max increase) was computed by subtracting Ce2 (pretest) 

from this peak.   

 

Menstrual phase was calculated on the basis of the first day of last menses and the 

cycle length, which were both asked during the experimental session. Only girls 

with a regular cycle between 21 and 35 days were included in the analyses 

concerning menstrual phase. Menstrual cycle phase was classified as follicular or 

luteal. Of the 167 girls, 57.7% had a regular cycle of 28 days. Shorter or longer 
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cycles are generally reflected more strongly in the follicular than in the luteal phase 

(Fox, 1999). With this in mind we defined the follicular phase as the period between 

the first day of the cycle and fourteen days before the end of the cycle (n = 83), 

while the luteal phase was defined as the last fourteen days of the cycle (n = 84).  

 

Current use of oral contraceptives (OC) was assessed at the day of the 

experiment, while type and name of the pill were asked as part of a questionnaire 

that was assessed previously, at school. In total, OCs were used by 125 girls, of 

whom 78 (70.4%) used a monophasic OC (ethinylestradiol and progestin) and 8 a 

tri-phasic OC. Ten girls used the ‘Diane’ pill, which contains only progestin 

(cyproteronacetaat) and is mainly prescribed for the beneficial effects on Acne 

vulgaris. Nineteen girls did not know what type of pill they used.  

 

Subjective arousal was assessed by means of the Self-Assessment Manikin 

(SAM), a non-verbal pictorial assessment technique to measure the pleasure, 

arousal and dominance associated with a person’s affective reaction to a stimulus 

(Bradley and Lang, 1994). Participants could rate their arousal on a nine-point 

scale ranging from 1 (totally aroused) to 9 (not at all aroused). Arousal was 

assessed directly after the GSST.  

 

Smoking behaviour was assessed by questions on past and current smoking 

behaviour in a questionnaire which was filled out at school, on average 3.07 

months (SD = 5.12) before the experimental session. We distinguished between 

non-smokers (n = 515) and habitual smokers (i.e., at least 1 cigarette a day, n = 

111).  

 

Current depressed mood was assessed at the start of the experimental session, by 

means of the Dutch version of the short Profile of Mood Scale (POMS; Wald and 

Mellenbergh, 1990). The scale includes eight items describing current mood (down, 

helpless, sad, lonely, unhappy, unworthy, melancholic, desperate), which could be 

rated on a five-point scale (1 = not at all, 2 = a little, 3 = partly, 4 = kind of, 5 = very 

much). Cronbach’s alpha was .87. The total depression score was dichotomized at 

the 85th percentile. 

 

Statistical analysis   

Means and standard deviations of all variables used were calculated separately for 

boys, free-cycling girls in the follicular phase, free-cycling girls in the luteal phase, 

and OC using girls. To examine effects of gender, menstrual cycle phase and OC  

we compared three group pairs: (1) boys versus free-cycling girls, (2) free-cycling 

girls in the luteal phase versus free-cycling girls in the follicular phase and (3) girls 

using OC versus free-cycling girls. Cortisol responses to awakening (CAR) were 
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calculated as Co2 - Co1;  while cortisol responses to social stress (referred to as 

maximum increase) were calculated by subtracting the pretest level (Ce2) from the 

highest level during or after the test (Ce3, Ce4, or Ce5). First, differences between 

the four groups were examined by χ2-tests (dichotomous variables) or ANOVAs 

(continuous variables). In case of a significant group difference, χ2-test in 2x2 

tables and t-tests were performed to examine differences within the three before-

mentioned group pairs. Associations between variables were investigated by 

Pearson’s correlation coefficients. Cortisol data were log transformed (using the 

natural logarithm) to approach a normal distribution before analysis. Tables and 

figures show non-transformed data. Within-subjects changes in cortisol levels were 

examined by repeated-measures General Linear Modeling (GLM). The two 

morning cortisol measures (Co1 and Co2) were used to examine the awakening 

response, while cortisol responses to the GSST were examined in a model 

including the measures Ce2, Ce3, Ce4, and Ce5. Significant between-subjects 

effects indicate differences in cortisol levels between the groups. Effects of gender, 

OC use, and menstrual phase on cortisol responsivity to awakening or social stress 

were tested by interactions of these variables with the within-subject factor. 

Significant within-subjects interaction effects indicate differences between the 

cortisol levels within a group. In case of significant within-subject changes in the 

cortisol levels before, during, and after the GSST, linear and quadratic trends were 

tested to examine the nature of the differences. A linear trend signifies a rise or fall 

in cortisol levels during the test, while a quadratic trend indicates a cortisol 

response to the GSST, that is, higher levels during the test than before or after it. 

When sphericity could not be assumed, the within-subject effects were corrected 

by the Greenhouse-Geisser procedure. Smoking, age and depressed mood can 

influence HPA axis responses to awakening (Wüst et al., 2000; Stetler and Miller, 

2005) and stress (Kirschbaum et al., 1993; Burke et al., 2005), and may also be 

related to gender, menstrual phase or OC use. We therefore included these 

variables as covariates in the GLM analyses. In the analyses of the cortisol 

response to awakening we included awakening time to correct for its presumed 

influence (Kudielka and Kirschbaum, 2003). The time of the day of the laboratory 

session (morning versus afternoon) was included as covariate in all analyses 

regarding the GSST. Although cortisol levels were expected to be higher in the 

morning than in the afternoon because of the diurnal rhythm of cortisol excretion, 

cortisol responses were assumed to be comparable during morning and afternoon 

sessions (Kudielka et al. 2004). To check whether this assumption held true for all 

groups examined, we compared morning and afternoon cortisol levels and 

responses within each of the subgroups (boys, free-cycling girls follicular phase, 

free-cycling girls luteal phase, OC using girls). A p-value ≤ .05 was considered 

statistically significant.  
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RESULTS 

 

Descriptive statistics  

Mean scores of the variables used are shown in Table 1. The means are presented 

separately for boys, free-cycling girls in the follicular phase (Girls F), free-cycling 

girls in the luteal phase (Girls L), and girls using oral contraceptives (Girls OC). We 

found significant group differences for smoking status, depressed mood, age, 

awakening time, Co1, Co2, Ce3, CAR and maximum increase to the GSST. Girls 

using OC were more often habitual smokers compared to free-cycling girls (χ2 

(1,284) = 18.57, p < .001). Free-cycling girls were more depressed than boys 

(F(1,514) = 6.91, p = .01). Within free-cycling girls, girls in the luteal phase were 

more depressed than girls in the follicular phase (F(1,166) = 6.21, p = .01). 

Furthermore, boys were a bit older than free-cycling girls (F(1,514) = 4.42, p = .04) 

and girls using OC were older than free-cycling girls (F(1,287) = 26.57, p < .001). 

Girls using OC woke up somewhat later than free-cycling girls (F(1,272) = 4.41, p = 

.04). The groups did not differ with respect to the amount of subjective arousal 

reported. Group differences regarding any of the cortisol variables will not be 

discussed here, because they were tested in the GLM analyses, accounting for 

relevant covariates.  

 

Bivariate associations are given in Table 2. As expected, the time of the 

experimental session was associated with cortisol levels during that session. 

Table 1. Descriptive statistics  

 Boys Girls F  Girls L    Girls OC 
 n mean n mean   n  mean  n  mean 
Afternoon sessions 352 48.9 % 83 54.2 %  84 52.4 % 125 48.8 % 
Habitual smokers 342 14.0 % 81 16.0 %  81 9.9 % 122 34.4 % 
Depressed mood   348  1.21 83 1.39  84  1.22 125 1.37 
Age (years) 352 16.12 81 15.96  83 16.05  124 16.36 
Awakening (hours:min)  313 7:39  78 7:27  78 7:37 117 7:51  
Subjective arousal  350 5.83   82 5.77  84 6.13 125  5.74  
Co1 (nmol/l)  308  7.51  75 8.69  77 8.54 108 8.68  
Co2 (nmol/l) 308 12.09  75 15.07   77 14.74 108 13.52  
Ce1 (nmol/l) 349 5.01  83 5.28  84 4.62 125 6.58 
Ce2 (nmol/l) 349 3.73  83 3.55   84 3.47 125 5.11 
Ce3 (nmol/l) 349 5.20  83 4.30  84 4.08 125 4.59  
Ce4 (nmol/l) 349 4.83  83 4.35  84 4.68 125 4.14  
Ce5 (nmol/l) 349 3.90   83 3.92  84  3.92 125 3.94   
CAR  308 5.39  75 6.37   77 6.20 108 4.85  
Max Increase    349 1.92  83 1.57  84 1.78 125 -0.19 

Note: Girls F = free-cycling girls in the follicular phase, Girls L = free-cycling girls in the 
luteal phase, Girls OC = girls using oral contraceptives, Co1 = cortisol directly after awa-
kening, Co2 = cortisol 30 minutes after awakening, Ce2 = pre-stress cortisol, Ce3 = corti-
sol during social stress, Ce4 = post-stress cortisol , Ce5 = post-stress cortisol, CAR = 
cor-tisol awakening response, Max Increase = maximum increase in cortisol with respect 
to the prestress cortisol (Ce2) during the GSST. 
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 Table 2. Bivariate associations between the variables used in this study 

 1. 2. 3.  4.  5.  6.  7.  8.  9.  10.  11.  12.  13.  14.  

1. Session time               

2. Smoking  -.02              
3. Depr. mood .11 -.05             
4. Age -.09 .07 .01            
5. Subj. arousal .21 .09 .02 .10           
6. Awakening  -.01 .06 -.16 -.03 .04          
7. Co1 .03 -.05 -.01 -.01 .05 -.03         
8. Co2 .01 -.05 -.04 .05 -.10 -.05 .71        
9. Ce1 -.23 .16 -.01 .10 .02 -.02 .15 .13       
10. Ce2 -.20 .13 .05 .11 .02 -.02 .19 .16 .76      
11. Ce3 -.19 .02 .10 .07 -.01 -.07 .06 .06 .57 .77     
12. Ce4 -.13 .03 .06 .03 .00 -.09 .13 .11 .56 .71 .89    
13. Ce5 -.14 .07 .06 .06 .03 -.09 .24 .18 .62 .76 .79 .90   
14. CAR -.01 -.02 -.05 .07 -.19 -.04 -.01 .69 .03 .03 .02 .02 .02  
15. MaxIncrease .05 -.14 .08 -.09 -.04 -.09 -.12 -.11 -.19 -.27 .35 .45 .24 -.03 

Note: Bold = significant association at p < .05, Co1 = cortisol directly after awakening, Co2 = cortisol 30 minutes after 
awakening, Ce2 = pre-stress cortisol, Ce3 = cortisol during social stress, Ce4 = post-stress cortisol , Ce5 = post-stress 
cortisol, CAR = cortisol awakening response, Max Increase = maximum increase in cortisol with respect to the prestress 
cortisol (Ce2) during the GSST. 
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Furthermore, it is remarkable that most cortisol variables were associated with 

each other, but the CAR was not related to any of the cortisol variables during the 

experimental session, nor to the (maximum) cortisol response during that session. 

 

Cortisol response to awakening  

Effects of gender, OC and menstrual phase on the cortisol response to awakening 

are presented in Table 3 and graphically represented in Figure 1. Boys had lower 

morning cortisol levels than girls, but boys and girls did not differ in their response 

to awakening. OC users and free-cycling girls did not differ in their morning cortisol 

levels, but OC using girls showed a blunted response to awakening. We did not 

find any effect of menstrual cycle phase.  

 

Cortisol response to the GSST   

The results of the effects of gender, OC use and menstrual cycle phase on the 

cortisol response to social stress are presented in Table 4. Boys and free-cycling 

girls differed with respect to the overall cortisol levels during the GSST. 

Furthermore, we observed a significant interaction of gender with the cortisol 

response, particularly due to differences in the quadratic trend, indicating that boys 

reacted differently to the social stress test than free-cycling girls. As Figure 1 

shows, cortisol responses were stronger in boys than in girls. Cortisol levels and 

responses were also modified by OC use. Differences between OC users and free-

cycling girls pertained to both the linear and the quadratic trend in the cortisol 

response. As opposed to free-cycling girls, cortisol levels of OC users linearly 

decreased during the GSST and displayed no response whatsoever, in the 

morning nor in the afternoon sessions. Girls in the luteal phase did not differ from 

girls in the follicular phase regarding cortisol levels or responses towards the 

GSST.  

 

Table 3. Main effects of gender, menstrual cycle phase and oral contraceptive use on 

cortisol and interactions with the cortisol awakening response.   

Variable F-statistics p-value 

Gender F (1,425)  = 7.32 p = .01 

 Gender*CAR  F (1,425)  = 1.13  p = .29 

Oral contraceptive use F (1,244)  =  1.10  p = .30 

 OC*CAR   F (1,244)  =  5.30  p = .02 

Menstrual cycle phase  F (1,137)  = 0.45  p = .50 

 Phase*CAR F (1,137) = 0.11  p = .74 

Note: Gender = boys versus free-cycling girls; OC =  girls using oral contraceptives 
versus free-cycling girls; Menstrual cycle phase = girls in the follicular phase versus girls 
in the luteal phase. All analyses were corrected for depressed mood, smoking status, 
age and time of awakening. Adjusted degrees of freedom are reported.  
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Figure 1 shows cortisol levels after awakening and during the morning and 

afternoon sessions of the experimental session. The first cortisol sample, taken 

approximately one hour before the GSST, is also displayed in this figure. Among 

other things, Figure 1 shows that girls using OC showed no cortisol response 

towards the social stress test and had high pretest levels in the morning. 

 

Effect of time of day  

For each group we checked whether the cortisol response to the GSST was 

comparable during the morning and afternoon session. For boys, the overall level 

of cortisol was higher in the morning (F(332,1) = 24.72, p < . 001) but the cortisol 

response to the stress task did not differ between morning and afternoon sessions 

(F(3,332) = 0.25, p = .77). Girls in the follicular phase did not differ in overall 

cortisol levels (F(1,76) = 1.53, p = .22) nor in their cortisol response (F(1,76) = 

1.12, p = .33) between morning and afternoon. A similar pattern was present for 

girls in the luteal phase (overall levels (F(1,76) = 2.94, p = .09; response (F(3,76) = 

0.48, p = .70). Girls using OC had higher cortisol levels in the morning than in the 

afternoon (F(1,117) = 29.06, p < .001). In addition, we found a significant 

interaction of OC use and time of day (F(3,117) = 12.57, p < .001) which is only 

due to a difference in the linear trend (F(3,117) = 22.70, p < .001). This is illustrated 

in Figure 1, where cortisol levels of OC users in the morning decline more than 

they do in the afternoon. These findings indicate that although cortisol levels were 

higher during the morning sessions for some groups, responses to the social stress 

test were comparable between morning and afternoon sessions.    

 

Table 4. Main effects of gender, menstrual cycle phase and oral contraceptives on 

cortisol and interactions with the cortisol response to social stress. 

Variable F-statistics  p-value 

Gender   F(1,494) = 13.27   p < .001  

 Gender*Stress   F(3,494)  = 9.73   p < .001 

  Linear contrast  F(1,495) = 2.50    p = .12 

  Quadratic contrast F(1,495) = 16.30   p < .001  

Oral contraceptive use  F(1,279) = 4.94   p = .03   

 OC*Stress    F(3,279) = 15.12  p < .001 

  Linear contrast   F(1,279) = 19.03    p < .001 

  Quadratic contrast F(1,279) = 14.15   p < .001 

Menstrual cycle phase  F(1,157) = 3.49   p = .06 

 Phase*Stress  F(3,157) = .57   p = .55 

Note: Gender = boys versus free cycling girls; OC =  girls using oral contraceptives 
versus free cycling girls; Menstrual cycle phase = girls in the follicular phase versus girls 
in the luteal phase. All analyses were corrected for depressed mood, smoking status, 
age and time of day. Adjusted degrees of freedom are reported.  
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Figure 1. Mean  salivary cortisol responses to awakening and social stress.  

Note: Bars represent standard errors of the mean (SEM), Block 1: cortisol response to 

awakening, Block 2: cortisol response to the Groningen Social stress test during morning 

sessions, Block 3: cortisol response to the Groningen Social stress test during afternoon 

sessions.  

 

 

DISCUSSION 

 

The aim of this study was to examine salivary cortisol responses to awakening and 

social stress in a large sample of adolescent boys and girls. We examined 

moderation of cortisol responses by gender, menstrual cycle phase and OC use. 

With respect to the cortisol awakening response, we did not find any differences 

regarding gender and menstrual phase, but a slightly blunted response in girls 

using OC. Cortisol responses to social stress were different for boys and free-

cycling girls. Unexpectedly, OC users showed no response at all but displayed 

linearly decreasing levels of cortisol during the social stress test. We found no 

effect of menstrual cycle phase on cortisol responses to social stress. Despite the 

differences in cortisol responses to social stress between our groups, no 

300

2

4

6

8

10

12

14

16
boys

girls folliculair

girls luteal

girls oc

gi

Awakening Morning sessions Afternoon sessions

3h05

n = 316

n = 328

n = 550

time (hour-min)

1h 2h452h252h

stress

stress

1h 2h 2h25 2h45 3h05

M
e
a

n
 c

o
rt

is
o
l
(n

m
o
l/
l)

0

1

2

3

300

2

4

6

8

10

12

14

16
boys

girls folliculair

girls luteal

girls oc

gi

Awakening Morning sessions Afternoon sessions

3h05

n = 316

n = 328

n = 550

time (hour-min)

1h 2h452h252h

stress

stress

1h 2h 2h25 2h45 3h05

M
e
a

n
 c

o
rt

is
o
l
(n

m
o
l/
l)

0

1

2

3



Chapter 3 

 52 

differences in subjectively experienced arousal were reported, which is in 

concordance with Kirschbaum et al.’s (1999) study in adults. Consistent with 

findings reported by Kudielka et al., (2004), free saliva cortisol levels were higher in 

the morning than in the afternoon due to the circadian rhythm of cortisol, but 

cortisol responses to the social stress test appeared similar at both times of the 

day, at least for boys and free-cycling girls.  

 

The findings should be interpreted in the light of the following strengths and 

limitations. To the best of our knowledge, we are the first to study the effects of 

gender, OC use and menstrual cycle on cortisol responses in a non-clinical 

adolescent population. Our sample size is extraordinarily large (> 500) for this kind 

of research, and provides a relatively large power to detect differences and prevent 

false-negative results. The fact that we examined cortisol responses to awakening 

as well as to psychological stress allowed us to observe differences between 

various kinds of HPA axis activation. An additional strength of this study, compared 

to most other ones, is the relative short period of OC use in this age group. When 

OC are used for longer time periods, it is harder to distinguish between immediate 

effects of the OC and effects due to changes in physiological set points. Despite 

the large sample size, we were not able to study differences regarding type of OC 

because only ten girls used an OC only based on progestin, which can be 

considered a limitation of the study. Another limitation is that menstrual cycle phase 

was determined via self-report and not via more objective measures, such as 

serum levels of estradiol and progesterone. Furthermore, since we did not asses 

ACTH, serum cortisol, or markers of the sympathetic nervous system, we cannot 

conclude that the physiological stress response was absent in OC users, but only 

that it was not detectable in salivary cortisol levels.   

 

We found no effects of gender on the cortisol awakening response, which is in 

concordance with findings of Edwards and colleagues (2001) and Kudielka and 

Kirschbaum (2003). It should be noted, however, that women may show a 

sustained CAR after 30 minutes post-awakening (Pruessner et al., 1997; Wüst et 

al., 2000). Since we only examined cortisol levels during the first 30 minutes after 

awakening, we could not study this possible gender difference.  

 

With respect to responses to social stress, boys displayed a stronger response to 

the social stress test than girls which is consistent with the gender difference in 

cortisol responses to social stress often reported in adult populations (Kirschbaum 

and Kudielka, 2005). It is further interesting to note that boys had the highest 

cortisol levels at the beginning of the social stress test, while girls had the highest 

levels at the end. This delayed peak in girls could be due to a slower activation of 

the HPA axis or may be caused by the social stress test. Possibly, the speech part  
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(talking about yourself) was experienced as more stressful by the boys, while the 

mental arithmetic part was more stressful for girls.  

 

With regard to menstrual cycle phase, we found no significant effect of menstrual 

cycle phase on adolescents’cortisol responses which is contrary to previously 

reported findings in adults (Altemus et al., 1997; Kirschbaum et al., 1999; Wolf et 

al., 2001; Rohleder et al., 2003).  But we do see a similar pattern as observed in 

adults, that adolescent girls in the follicular phase tended to have lower cortisol 

levels than girls in the luteal phase. This could be due to the higher levels of 

estrogen in the follicular phase which increases the amount of CBG-bound cortisol, 

leaving less free cortisol for detection in saliva. A possible reason why we did not 

find a significant effect of phase on cortisol responses to stress might be that the 

adolescent menstrual cycle is not as stable as the cycle of adult women. Lower 

levels or a different ratio of sex hormones in adolescent girls, as compared to adult 

women, could influence the response of the HPA axis to stress in a different 

manner.  

 

Prior studies in adult subjects revealed blunted responses to a social stress test in 

OC users, while we found no response at all in our adolescent population. It is 

possible that the total lack of cortisol responses in our OC using girls, as opposed 

to the blunted (but still present) responses reported previously in adults, is due to 

lower stressfulness of the GSST compared to the original Trier Social Stress Test 

(TSST), which involves a life jury instead of a single experimenter and a video 

camera. In fact, the mean cortisol response reported in this study were lower than 

those reported by Kirschbaum et al., (1993), which may indicate that the GSST 

was less stressful indeed.  

 

Despite the fact that the GSST may have been less stressful than the TSST, it is 

unlikely that OC using girls were not at all stressed by our social stress test, since 

they reported to be equally stressed as boys and free-cycling girls. The lack of 

response in the OC users during the morning sessions could be explained by the 

high pretest levels of cortisol which prevents further increase. Kirschbaum and 

collegues (1999) showed by means of a 12-hour salivary free cortisol profile that 

adult OC users had also higher cortisol levels between 9 and 11 am than men and 

free-cycling women. However, the high pretest levels in the morning found in this 

study cannot explain the absence of a cortisol response in the afternoon sessions, 

when pretest levels were comparable to those of boys and free-cycling girls.  

 

With respect to adolescent OC users, the results from this study should be 

interpreted with caution. The absence of a salivary cortisol response does not 

implicate that there was no physiological response to stress whatsoever. The CRF 
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(corticoid releasing factor) signal from the hypothalamus did not result in increases 

in saliva cortisol for some reason, but this signal can still activate the sympathetic 

nervous system, resulting for example, in increased heart rate. The effects of 

synthetic hormones in orally taken contraceptives on the activation and feedback of 

the HPA axis are difficult to predict, since they can act on several tissues and 

within different time domains. In adult women it has been shown that OC use led to 

increased CBG levels, and for this reason, smaller fractions of free cortisol could 

be detected in saliva (Kumsta et al., 2007). However, the high levels of cortisol in 

the morning indicate that this mechanism may not be that prevalent in adolescent 

girls using OC. The discrepancy in findings between adult women and adolescent 

girls might be related to the duration period of OC use and the time to adjust to the 

effects of OC intake. Longitudinal research is needed to elucidate the effects of 

oral contraceptive use on HPA axis functioning in adolescence, since especially 

long-term effects of OC use are still unknown (Ott et al., 2008).  

 

To conclude, the HPA axis is one of the most important stress systems and 

dysfunctions may result in maladaptive responses and failure to cope with stress. 

Inappropriate coping will, in turn, interfere with a healthy psychosocial 

development. Altered functioning of the HPA axis can influence, for instance, levels 

of inflammatory cytokines, heart rate, and cognition (Owens and Nemeroff, 1992; 

Belanoff et al., 2001) with possible consequences for psychological and physical 

health. We found both similarities and differences in responses to stress in 

adolescents when compared to adults. It is necessary that our results are 

replicated in another sample of adolescents to investigate whether the new and 

unexpected findings are substantial or might have been chance findings.  
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‘A women under stress is not immediately concerned 

with finding solutions to her problems but rather seeks 

relief by expressing herself and being understood.’  

 

John Gray
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ABSTRACT 

Stressful life events increase the probability of depressive symptoms in early 

adolescence. Several genetic and environmental risk factors may change 

individual sensitivity to the depressogenic effect of these events. We examined 

modification by parental depression and gender, and mediation of the former by 

temperament and family environment. Data were collected as part of a 

longitudinal cohort study of (pre)adolescents (n = 2127). During the first 

assessment wave at approximately age 11, we assessed parental depression, 

family functioning, perceived parenting behaviours, and temperamental 

frustration and fearfulness. At the second wave, about two and a half years 

later, stressful life events between the first and second assessment were 

assessed. Depressive problems were measured at both waves. Adolescents 

with parents who had a (lifetime) depressive episode were more sensitive to the 

depressogenic effect of stressful events than adolescents without depressed 

parents (B = .012, p <.001). Furthermore, girls were more sensitive to these 

effects than boys (B = 0.39, p <.001). The modifying effect of parental 

depression was not mediated by temperament, family functioning and perceived 

parenting. Life events were assessed without consideration of contextual 

information. Depressive problems were measured by questionnaires that did not 

directly represent DSM-IV criteria. The measure of parental depression was 

unspecific regarding severity and timing of depressive episodes.  
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INTRODUCTION 

 

Depressive symptoms in adolescence can be persistent and recurrent (Angst et al., 

2000) and represent a potential cause for psychopathology and poor psychosocial 

adjustments in adult life (Goodyer et al., 2000). The experience of stressful life 

events is a well-established risk factor for the development of depressive 

symptoms in adolescence and adulthood  (Kendler et al., 1995; Kessler 1997; 

Larson and Ham 1993; Goodyer et al., 2000; Ormel et al., 2001; Rutter et al., 2000; 

Silberg et al., 2001). Whether or not stressful life events trigger depressive 

symptoms depends on adolescents’ sensitivity to stress, which is influenced by a 

variety of genetic and environmental risk factors. We propose that parental 

depression is one of the risk factors that may amplify the association between 

stressful life events and depressive symptoms in adolescence.  

 

Depressive symptoms run in families (e.g. Goodman and Gotlib 1999), which may 

be due to transmitted vulnerability genes as well as to offspring exposure to an 

adverse and non-supportive family environment. From twin, adoption and family 

studies we know that depression is moderately heritable (e.g. Kendler and Prescott 

1999; Kendler et al., 1999; Sullivan et al., 2000), and that genetic factors may 

modify the association between life events and depression (Kendler et al.,1995; 

Silberg et al., 2001). Consistent with this, recent molecular genetic work suggests 

that a functional polymorphism in the promotor region of the serotonin transporter 

gene moderates the depressogenic effects of stressful life events (Caspi et al., 

2003; Eley et al., 2004; Jacobs et al., 2006; Zammit and Owen, 2006). Based on 

these findings we hypothesise that parental depression would amplify the effect of 

stressful life events on adolescents’ depressive symptoms.  

 

Furthermore, individual differences in sensitivity to stressful life events may be 

explained by differences in negative affectivity. Negative affectivity, a temperament 

dimension encompassing frustration and fearfulness, reflects the tendency to 

experience negative emotions when confronted with environmental challenges 

(Rothbart et al., 2000). Several studies (e.g. Lonigan et al., 2003), including work 

from our own group (Oldehinkel et al., 2006) have revealed associations between 

negative affectivity and depressive symptoms in adolescence. Negative affectivity 

and depressive symptoms share genetic risk factors (e.g. Kendler et al., 2006). 

Ormel et al., (2005) showed that the effect of parental psychopathology on 

offspring psychopathology was partly mediated by preadolescent temperament. 

Considering this, we expected that (part of) the postulated modification of the 

depressogenic effect of stressful life events by parental depression would be 

mediated by temperamental frustration and fearfulness.  
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The modifying effect of parental depression could also be mediated by family 

environmental factors. Lack of family closeness, poor communication, absence of 

supportive relationships, parental rejection and little emotional warmth have all 

been found to be prevalent in families with depressed parents, and are associated 

with an increased risk of emotional and behavioural problems in offspring (e.g. 

Beardslee et al., 1996; Davies and Windle, 1997; Pilowsky et al., 2006).  The 

stress-buffering model (Cohen and Wills, 1985) proposes that, when faced with 

negative experiences, individuals with greater support from families and friends are 

less likely to become depressed. Conversely, poor family circumstances may 

increase the impact of stressful life events. Hence, family environmental factors 

could also mediate (part of) the postulated modification of the depressogenic effect 

of stressful life events on adolescents’ depressive symptoms.   

 

Prevalence of depressive symptoms, number and kind of stressful events, and 

sensitivity to stress, are all different for males and females (e.g. Brown and Harris 

1978; Sherrill et al., 1997). The transition into adolescence seems to be the starting 

point for an increase in depressive symptoms in girls (Angold et al., 1998), 

probably set off because of a variety of gender specific hormonal and social 

developments (Larson and Ham, 1993; Cyranowski et al., 2000; Ge et al., 2001; 

Silberg et al., 2001). Therefore, associations between stressful life events and 

adolescents’ depressive symptoms cannot be studied without taking into account 

the possibility of gender differences in each of the effects examined.  

 

The aim of this study was to explore if parental depression and gender modified the 

sensitivity to the depressogenic effect of stressful events in a large population-

based sample of early adolescents. In addition, we investigated if the effect of 

parental depression was mediated by temperamental frustration and fearfulness, 

and by family environmental factors, more specifically, perceived parental 

emotional warmth and rejection and family functioning. The hypothesised 

associations are presented in Figure 1.  
 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic representation of the 

hypothesised associations.  
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METHODS 

 

Sample 

TRAILS: The TRacking Adolescents’ Individual Lives Survey is a large prospective 

population study of Dutch adolescents who are measured biennially until at least 

25 years of age. The present study involves data from the first and second 

assessment wave of TRAILS, which ran from, respectively, March 2001 to July 

2002, and September 2003 to December 2004. At de first wave, 2230 children 

were enrolled in the study of which 2149 children participated in the second wave. 

The mean age at T1 was 11.09 (SD = 0.56), and 50.8% were girls. The mean age 

at T2 was 13.6 (SD = 0.53), and 51.2% were girls. For more details see De Winter 

et al., (2005).  

 

Measures 

Measures used in this study come from the TRAILS Family Interview held with one 

of the  parents (usually the mother, 95.6%) at the first assessment wave (T1) and 

self-report questionnaires filled out by parents and adolescents at both the first and 

second assessment wave (T1 and T2).  

 

Depressive symptoms. Mental health problems were assessed by the Child 

Behavioral Checklist (CBCL) parent report form (Achenbach 1991b; Verhulst and 

Achenbach 1995). The CBCL contains a list of 120 behavioural and emotional 

problems, which parents can rate as 0 = not true, 1 = somewhat or sometimes true, 

or 2 = very or often true in the past six months. In addition to the CBCL we 

administered the self-report version of this questionnaire, the Youth Self Report 

(YSR, Achenbach 1991a). We used the CBCL/YSR Depressive Problems scale 

(Achenbach et al., 2003), which contains of 13 items (Cronbach’s α T1 CBCL = 

0.68, T2 CBCL= 0.73, T1 YSR = 0.77, T2 YSR = 0.77) covering depressed mood, 

anhedonia, loss of energy, feelings of worthlessness and guilt, suicidal ideation, 

sleep problems and eating problems. The mean of the standardised parent and 

adolescent scores was used as a measure of depressive symptoms in this study 

since a combined score is less sensitive to context and perspective (Kraemer et al., 

2003). When information of one informant was missing or unreliable (YSR: T1 n = 

34, T2 n = 36, CBCL: T1 n = 153, T2 n = 205) the composite score was based on 

only one informant.  

 

Stressful life events were assessed at T2 by a questionnaire containing 36 events, 

of which 25 were stressful. Examples of these events are parental divorce or death, 

severe illness/death of family members, serious quarrel with a friend, romantic 

break-up and victimization. (For all events see Appendix III, Chapter 2). The items 

had a yes/no format to indicate whether or not the event had occurred in the last 
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two years. Of the 2127 adolescents included in our analysis, 78.2% experienced at 

least one stressful life event in this period. The severity of an event was rated on a 

four-point scale ranging from 0 = not unpleasant to 3 = very unpleasant. Of all the 

events included 39% were categorised as very unpleasant, 28% as unpleasant and 

33% as mildly unpleasant. Events that were relatively often rated as very 

unpleasant were; serious illness, death of a dear one, parental divorce, and 

conflicts with and between family members. The other events were more or less 

equally divided across the severity categories.  The scores of all 25 events were 

summed to create a total severity score. Because this total score was highly 

skewed and we did not expect meaningful differences between low and average 

levels of stress regarding their association with depressive symptoms, we 

dichotomise this variable into low/average stress (score ≤ 6: 81,4% of the 

participants) and high stress (score > 6: 18.6% of the participants).  

 

Parental depressive symptoms were assessed by means of the TRAILS Family 

History Interview (FHI). A brief description of the main symptoms of depression 

was given, followed by a series of questions to assess (lifetime) prevalence, 

treatment, and presence during the past year. Depressions characterized by 

professional treatment, medication use, or episodes in the last year were given 

extra weight, because of their greater (assumed) severity and/or impact on the 

adolescents. For each parent, parental depression was scored as 0 = no 

depression, 1 = depression without treatment/medication and last episode more 

than a year ago, and 2 = depression with treatment/medication or episode in the 

last year. In our dataset, 14.6% males and 26.8% females had experienced a 

depressive episode. These numbers are comparable to the DSM-IV lifetime rates 

(15.4% males and 27.4% females) obtained by CIDI-interviews in NEMESIS, a 

large population study (Bijl et al., 1998) and in the European Study of Epidemiology 

of Mental Disorders (2004). We summed the data of both parents which resulted in 

a parental depression score that ranged from 0 to 4. Missing values (father n = 53, 

mother n = 65) were imputed by group means.  

 

Temperament was assessed at T1 by the parent version of the short form of the 

Early Adolescent Temperament Questionnaire Revised (EATQ-R, Hartman 2000, 

Putnam et al., 2001). Fearfulness (five items, Cronbach’s α = 0.63) denotes 

worrying and unpleasant affect related to the anticipation of distress. Frustration 

(five items, Cronbach’s α = 0.74) is indicative of negative affect related to 

interruption of ongoing task or goal blocking.   

 

Parenting. At T1, perceived parenting behaviour were assessed with the EMBU-C 

(Markus et al., 2003), the child version of the EMBU (a Swedish acronym for My 

Memories of Upbringing, developed by Perris et al., 1980). In the present study, we 
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used the scales Rejection and Emotional Warmth. The Rejection scale contains of 

12 items with Cronbach’s α = 0.84 for fathers and 0.83 for mothers. The Emotional 

Warmth scale contains 18 items with Cronbach’s α  = 0.91 for both parents. The 

associations for father and mother were high, both for rejection (r = .68, p < .001) 

as well as for emotional warmth (r = .79, p < .001).  Therefore we combined them 

into a single measure. When information of one informant was missing or 

unreliable (Emotional Warmth: father n = 70, mother n = 30, Rejection: father n = 

72, mother n = 31) the composite score was based on only one informant.   

 

Family functioning was assessed at T1, by a modified version of the General 

Functioning Scale of the McMaster Family Assessment Device (FAD, Epstein et 

al., 1983). This scale assesses six dimensions of family functioning; 

communications, problem solving, affective responsiveness, affective involvement, 

roles and behaviour control. The modified scale consists of 12 items with a 

Cronbach’s α = 0.85.  Parents could rate their agreement on a 4-point scale; 1 = 

totally disagree, 2 = disagree, 3 = agree, 4 = totally agree.   

 

Statistical analysis 

All continuous variables were standardised to a mean of 0 and a standard 

deviation of 1 to obtain internally comparable regression coefficients. Interaction 

terms were created by multiplying the standardised scores. A p-value smaller than 

.05 was considered statistically significant. First, means of and correlation between 

variables were calculated and gender differences in means and percentages were 

analysed by t-tests and χ2-square tests respectively. After that, we examined 

modification of the relationship between stressful events and depressive symptoms 

by parental depression and gender. In case of a significant interaction of parental 

depression and stressful life events, we subsequently examined mediation of this 

effect by fearfulness, frustration, rejection, emotional warmth and family function.   

 

Main and interaction effects of stressful life events, parental depression and gender 

on adolescent depressive symptoms were investigated by means of a backward 

stepwise regression analysis with T2 depressive symptoms as dependent variable. 

The initial model includes all main and interaction effects of stressful life events, 

parental depression and gender. First, we examined the three-way interaction 

between stressful life events, parental depression and gender (a significant 

interaction would imply that the mediation analyses had to be stratified by gender). 

If not significant, this interaction was dropped from the model. In the second step, 

non-significant two-way interactions were dropped from the model. The last step 

examined the main effects. Model terms could only be dropped if the variables 

were not included in higher-order terms. To examine to what extent the effect of 

stressful life events might be due to pre-event depressive symptoms, we repeated 
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the final analysis adjusting for T1 depressive symptoms, by including this variable 

in the model.   

 

If parental depression significantly modifies the effects of stressful life events on 

adolescent depressive symptoms, this effect may be mediated by temperament or 

family-related risk factors. Mediation of an association between a determinant and 

an outcome can occur only if the mediating variable is associated with both factors, 

follows the determinant in time and precedes the outcome (Baron and Kenny 

1986). In our case, we did not investigate simple mediation, but mediated 

modification (that is mediation of the modifying effect of parental depression on the 

association between stressful life events and depressive symptoms). 

Consequently, our mediators should still be significantly associated with parental 

depression, but rather than being associated with depressive symptoms, their 

interaction with stressful life events should be significant. A factor that mediates the 

effect of parental depression, should be related to sensitivity to stressful life events 

itself too, that is, increase the effect of life events on depressive symptoms. 

Putative mediators were only included in subsequent analyses when both 

associations were found.   

 

To asses the amount of mediation, the (direct) interaction effect of parental 

depression and stressful events was compared with the interaction effect after 

including the (main and interaction) effects of the mediator in the model. The larger 

the relative reduction in the regression coefficient in the interaction between 

parental depression and stressful life events, the more this effect was mediated by 

the variable under study.  

 

 

RESULTS 

 

Descriptive statistics 

Mean scores or percentages of the variables used are shown in Table 1. For 

descriptive purposes, we presented the mean of the unstandardised total scores of 

parent and self reported adolescent depressive symptoms rather than the mean of 

the standardised scores.  

 

Bivariate associations 

Correlations between the variables in the study were generally low to moderate 

(Table 2). In both sexes, depressive symptoms at T2 were significantly associated 

with all other variables.  
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Modification of the stress-depressive symptoms association by parental 

depression and gender  

The three-way interactions of stressful events, parental depression and gender was 

not significant (B = -0.09, p = .36), indicating that the interaction of stressful life 

events and parental depression was comparable for boys and girl, and that 

mediation analysis did not have to be stratified by gender. The two-way interaction 

of parental depression and gender was not significant either (B = 0.02, p = .61).  

 

Parental depression and gender both significantly moderated the association 

between stressful life events and depressive symptoms. Sensitivity to stress, as 

indicated by the interaction variable between stressful life events and parental 

depression, was larger in adolescents whose parents have a history of depression 

than in adolescents whose parents have no such history. Furthermore, the 

significant interaction between stressful life events and gender indicated that girls 

are more sensitive to this effect than boys. Coefficients of the final model are 

shown in Table 3. These results are visualised in Figure 2 in which the estimated 

depressive symptoms for boys and girls are shown, both in absence and presence 

of parental depression and stressful life events.  

 

We performed a posthoc-analyses to examine the effect of stressful life events  in 

absence of parental depression by adding parental depression as unstandardised 

variable to the model (B = 0.32, p = < .001). This effect was stronger for girls than 

for boys (B = 0.27, p = .004).  

 

Adjusted for depressive symptoms at T1 (i.e. before the stressful events) the main 

effects of gender and parental depression were still significant, as well as the 

interaction between stressful life events and gender (B = .27, p = .01). The 

interaction between stressful life events and parental depression was no longer 

significant but showed a trend in the expected direction (B = 0.07, p = .074). 

Table 1. Descriptive statistics 

 Boys Girls Gender difference  

 n mean n mean t or χ df  p 

Dep. problems T1 1027 3.13 1080 3.18  -4.63 210 .76 
Dep. problems T2 1033 2.47 1075 3.17  -6.16 2087

a 
<.001 

Stress (0,1) 1039 14.8% 1088 22.2% 18.88 1 <.001 
Parental depression 1007 0.80 1060 0.89   0.16 2065 .86 
Fearfulness 930  2.34 976 2.49  -4.48 1903

a 
.88 

Fustration 931  2.83 976 2.74  3.18 1881
a
 <.001 

Emotional warmth 1027 3.17 1082 3.26  -4.42 2090
a
 <.001 

Rejection 1027 1.51 1081 1.45 5.03 2053
a 

<.001 
Family functioning 957  2.49 1002 2.50 0.15 1957 .15 
a
 = Degrees of freedom not equal to n - 1 due to correction for unequal variances.
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Table 2. Bivariate associations  
 1. 2.  3. 4.  5.  6. 7.  8.  9.  
1. Stress  .05

 b
 .16

 b
 .31

 b
 .10

 b
 .04

b
 .09

 b
 .05

 b
 .04

 b
 

2. Parental depression  .03
 b

   .21 .17 .01 -.04 .09 .10 .11 
3. Depr. problems T1 .14

 b
  .19  .52 .37 -.22 .31 .22 .11 

4. Depr. problems T2 .19
 b

  .18 .60  .28 -.16 .19 .12 .06 
5. Rejection .12a .04 .32 .22  -.33 .26 .24 .03 
6. Emotional warmth -.03 -.02 -.16 -.12 -.31  -.05 .02 .004 
7. Fearfulness .14

b
 .16 .27 .20 .23 -.05  .43 .05 

8. Frustration .11
b
  .13 .25 .23 .26 -.001 .43  -.01 

9. Family functioning .04
b
  .07 .05 .09 .03 .01 -.01 -.04  

Bold = significant association at p < .05. 
b
 = point biserial correlations for associations 

between a continuous and a dichotomous variable.  Note: Girls’ correlations are printed 
above the diagonal: boys’ correlations below the diagonal.  
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Figure 2. Estimated problems for boys and girls. 
Note: PD = parental depressive symptoms. 

 

Analysis of mediation  

Because the interaction between parental depression and stressful events did not 

show gender differences, mediation analyses were not stratified by gender. One of 

the prerequisites of mediation was that the mediator had to be associated with 

parental depression. Only frustration, fearfulness and family functioning met this 

first criterion (see Table 2.). However, none of these factors met the second 

prerequisite and were not included in further analyses. Interesting to note is that 

rejection did meet the second prerequisite for mediation; the interaction between 

rejection and stressful life events was significantly associated with depressive 

symptoms (B = 0.126, p = .003).  

 

 

DISCUSSION 

 

The first goal of this study was to explore if the relationship between stressful life 

events and depressive symptoms in adolescence was modified by parental 

depression and gender in a large population sample of Dutch early adolescents. 

Secondly, we wanted to investigate if the effect of parental depression was 

mediated by temperamental frustration and fearfulness, and by family 

environmental factors. Consistent with our expectations and other studies (e.g. 

Goodyer et al.,, 2000; Larson and Ham, 1993), stressful life events were 
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associated with depressive symptoms in both boys and girls, but considerably 

stronger in girls than in boys. Furthermore, we found that adolescents whose 

parents had a history of depression reported more depressive symptoms after the 

occurrence of stressful life events than adolescents whose parents did not have 

such history. This effect of parental depression was not mediated by temperament 

or family environment factors included in this study.  

 

The finding that parental depression was associated with a greater offspring 

sensitivity to stressful life events is in line with results reported by Silberg and 

colleagues (2001), despite differences in study design (twin versus population 

sample, parent versus child report, only girls versus both genders, age 

differences). This adds to the evidence that familial risk of depression is likely to be 

expressed by increased stress-sensitivity. A difference between Silberg et al.,’s 

and our study is that they did not find an association between stressful life events 

and depression in the absence of parental emotional disorders, while we also 

found an effect in the group of adolescents whose parents have never had 

depressive symptoms. Our findings converge with molecular genetic evidence (e.g. 

Caspi et al., 2003) that genetic polymorphisms contribute to individual differences 

in sensitivity to stressful experiences.   

 

Children from parents who have a history of depression may be at risk for 

developing emotional problems not only because of a genetically predisposed 

sensitivity to stress but also because of the possibility that they experience more 

stressful events than children from parents without such history. In our sample, 

however, parental depression was not significantly associated with the number of 

stressful life events, which could be due to the relatively large proportion of parents 

who have a history of depression but had no depressive symptoms during the  

study period.  

 

The association between stressful events and depressive symptoms was much 

stronger for girls than for boys, both with and without adjusting for pre-existing 

depressive symptoms. This could indicate that girls become more sensitive to the 

depressogenic effects of stressful life events during the transition from childhood to 

adolescence as suggested several times (e.g. Cyranowski et al., 2000; Silberg et 

al., 2001). It should be noted, however, that the gender difference in depressive 

symptoms during early adolescence, was due to a decrease of depressive 

symptoms in boys, rather than an increase in girls, compared to preadolescent 

levels. The lack of increase in depressive symptoms in girls in our sample might 

suggest that their sensitivity to events did not change, while boys became less 

sensitive. Data from subsequent waves will make it possible to explore this further.  
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To the best of our knowledge, no one has analysed mediated modification of the 

stress-depressive symptoms association by parental depression. There are only 

three studies that examined mediation of the (main) effects of parental 

psychopathology on offspring psychopathology. Davies and Windle (1997) found 

that family discord was a modest mediator of the effect of maternal depressive 

symptoms on middle-adolescent’ depressive symptoms. Ormel et al., (2005), using 

the same sample as described in the present study, found that one third of the 

effect of familial loading of parental psychopathology on internalising and 

externalising problem behaviour in offspring was mediated by offspring 

temperament. Recently, Burt et al., (2006), reported that parenting and family 

environmental factors partially mediated the association between parental 

psychopathology and offspring psychopathology in late adolescence. Although 

these studies involved mediation of the main effect of parental psychopathology on 

offspring problem behaviour instead of mediated modification, they seem to provide 

indirect support that the effect of parental depression on adolescents’ sensitivity to 

stressful events is mediated by temperament and family environment. Yet we did 

not find evidence for such mediation. Tentatively, we propose a number of factors 

that could have contributed to these results.  

 

There were no significant associations between the parental depression measure 

and the family-related putative mediators emotional warmth, parental rejection, and 

poor family functioning. This could be due to the fact that our parental depression 

measure yielded a highly heterogeneous group, regarding both severity of the 

depressive symptoms and their timing. Mild or long remitted depressive symptoms 

are not very likely to affect current parenting and family functioning. Our results 

suggest that the association between parental depression and parenting may be 

less pronounced or even absent in population samples. Indeed, recent prospective 

studies found no stress-buffering effects of family support (e.g. Burton et al., 2004).  

 

The absence of associations could also signify methodological weakness of the 

parental depression measure, which was based on retrospective report. However, 

this is contradicted by the finding that the parental depression measure was strong 

enough to moderate the association between stressful events and offspring 

depressive symptoms. Although we did not evidence for family related factors, it is 

still possible that parental depression influenced the impact of stressful life events 

through other family difficulties which were not included in this model.  

 

Temperamental frustration and fearfulness did not mediate the interaction between 

parental depression and stressful life events either. Tentatively, negative affectivity 

reflects individual differences in reactivity to daily hassles better than reactivity to 

more severe and rare life events (Zammit and Owen, 2006). Frustration and 
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fearfulness may be more relevant with regard to minor provocations, annoyances, 

and threats than to the bigger facts of life.  

 

Our study has important assets: it was based on a large prospective population 

sample of pre- and early adolescents and it used multiple informants which 

decreased the risk of inflated associations. The prospective design allowed us to 

adjust for depressive symptoms already present before the stressful events 

occurred, and revealed that the interaction of gender and life events remained 

significant and that the interaction of parental depression and life events still 

showed a trend in the expected direction.  

 

There are also limitations. First of all, life events were assessed retrospectively and 

based on self-reports instead of interview ratings taking into account contextual 

information (Brown and Harris 1978). Individuals with depressive symptoms tend to 

over-report number as well as severity of stressful life events ful events (Brewin et 

al., 1993). Second, depressive symptoms were based on questionnaire data. The 

CBCL/YSR Depressive Problems scale was not developed to asses depressive 

symptoms according to DSM-IV criteria, but constructed on the basis of expert 

ratings of the original, empirically derived, CBCL and YSR scale items. 

Consequently, the items do not represent one-to-one counterparts with all DSM-IV 

criteria. Third, as mentioned above, parental depression was assessed 

retrospectively. Despite these limitations, this study provides an excellent starting 

point for future research of the mechanisms by which parental depression may be 

associated with increased stress-sensitivity in children of depressed parents.  

 

To conclude, offspring of depressed parents have a higher stress-sensitivity than 

offspring of non-depressed parents. This highlights the importance of monitoring 

children from high-risk families, particularly when they are exposed to high 

amounts of life stress. Furthermore, early adolescent girls have an increased 

stress-sensitivity compared to boys. It is important to extend our knowledge about 

this widely observed gender difference, to provide the best, possibly differential, 

care for adolescent boys and girls with depressive symptoms. More research is 

needed on mechanisms by which parental depression influences offspring’s 

increased stress-sensitivity.  
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ABSTRACT 

Depression runs in families and is considered a stress-related disorder. Familial 

risk for depression may be transmitted via deviant psychophysiological stress 

responses from parent to child. In this study, we examined the association 

between parental depressive symptoms (PDS) and adolescents’ cortisol 

responses to an acute social stress test. Data were collected as part of the third 

assessment wave of TRAILS (TRacking Adolescents’ Individual Lives Survey), 

a large prospective population study of Dutch adolescents, and concern 346 

adolescents (age 15-17 years, 42.2% female) who participated in a laboratory 

session including a social stress test (public speaking and mental arithmetic). 

Four saliva cortisol samples were collected before, during and after the social 

stress test. Lifetime PDS were assessed by self-reports obtained from both 

biological parents. Adolescents’ current depressed mood was included as 

covariate in the analyses. In case of an effect of PDS on the cortisol response, 

we tested if this effect was mediated by experienced life stress. PDS was 

associated with daughters’ cortisol responses (B = -52.32, p = .02), but no 

association was found in sons (B = -5.44, p = .77). Girls whose parents 

experienced depressive problems displayed blunted cortisol responses 

compared to girls whose parents did not have such problems. The effect of PDS 

on the cortisol response in girls was not mediated by experienced life stress (S 

= 0.01, p = .99). Concluding, PDS are associated with blunted cortisol 

responses to acute social stress in daughters, but not in sons. The prognostic 

value of blunted cortisol responses in the development of depressive symptoms 

in adolescents at risk for familial depression needs further attention, preferably 

in longitudinal study designs. 
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INTRODUCTION 

 

Depression is generally considered a stress-related disorder (Brown and Harris, 

1989; Kessler 1997; Tennant 2002). It runs in families, and having a parent with a 

history of depression is a strong predictor for depressive symptoms in offspring 

(Pilowsky et al., 2006; Schreier et al., 2006). From twin, adoption and family 

studies we know that depression is moderately heritable (e.g. Sullivan et al., 2000). 

The genetic transmission of risk for depression may run partly through altered 

functioning of the physiological stress system. Support for this notion comes from 

several studies that suggest a genetic influence on the relationship between stress 

and depression (Kendler et al., 1995; Caspi et al., 2003; Gotlib et al., 2008). 

Consistent with this, we showed that adolescents with depressed parents are more 

prone to develop depressive symptoms after stress than adolescents without 

depressed parents (Bouma et al., 2008). The hypothalamic-pituitary-adrenal (HPA) 

axis is a logical candidate for the link between stress experience and depression 

(Holsboer et al., 1995; Plotsky et al., 1998; Kendler et al., 1999). Altered HPA axis 

responses to stress have been found in patients suffering from depression, but also 

in their healthy family members (e.g. Holsboer et al., 1995).  

 

In humans, actual and perceived stressors evoke a rapid response of the 

sympathetic nervous system (SNS) and a slower, longer response mediated by the 

HPA axis (Sapolsky et al., 1986). The activation of the central nervous system 

causes the release of corticotropin releasing hormone from the hypothalamus, 

adrenal corticotrophic hormone from the anterior pituitary, and cortisol from the 

adrenal cortex. Among other functions, cortisol converts fat into glucose and 

inhibits the immune system. Ideally, elevated cortisol levels function as a 

suppressive mechanism dampening the initial response to re-establish 

homeostasis via negative feedback mechanisms in the hippocampus (Jacobson 

and Sapolsky 1991). Cortisol release during stress is essential for survival, but 

prolonged HPA axis activation may lead to deregulation of the system, resulting in 

hyper- or hypo-cortisol secretion to subsequent stressors (McCleery and Harvey, 

2004).  

 

Although there is much evidence that children of depressed parents have 

behavioral and emotional problems (e.g. Cicchetti and Toth, 1998), the association 

between PDS and offspring physiological responses to acute stress are less well-

known. Studying responses to stress is necessary to understand how depression is 

transmitted across generations. In this study, we tested if familial risk for 

depression, operationalised as lifetime PDS, influenced adolescent offspring’s 

cortisol responses to a standardised acute social stress test.  
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Gender is an important determinant of both vulnerability to depression and 

physiological responses to stress. Twice as many women as men suffer from 

depression (Nolen-Hoeksema, 2001), a gender difference emerging in 

adolescence (Angold et al., 1998; Hankin et al., 1998). This might be due to 

dissimilar increases in sex hormones in adolescent boys and girls, which can 

modulate the activation and feedback mechanisms of the HPA axis in diverging 

manners (McCormick and Matthews, 2007). We showed that cortisol responses to 

stress differed indeed between adolescent boys and girls (Bouma et al., 2009). 

This is consistent with findings from Wang and co-workers (2007), who showed 

that neural responses to psychological stress were different in men and women. 

Because of dissimilarities in vulnerability and stress responses, we examined the 

effect of PDS on the cortisol response to social stress separately for boys and girls. 

Our main hypothesis was that genetic risk for depression, operationalised by 

presence or absence of PDS, was associated with deviant cortisol responses to an 

acute social stress test in adolescent boys and girls. Since deregulation of the HPA 

axis can result in both hyper- and hyposecretion of cortisol, we had no clear 

expectations regarding the direction of the effects. 

 

Familial risk for depression and deviant responses to stress are not solemnly 

transmitted by genes, but also by social and behavioural factors. PDS can lead to a 

stressful or non-supportive family environment (e.g. Goodman and Gotlib, 1999; 

Jaser et al., 2005), and hence be associated with over- or under activation of the 

HPA axis through gene-environment correlations (Lupien et al., 2009). To explore 

this pathway, we examined to what extent associations between PDS and offspring 

stress responses (if any) were due to life stress experienced by the adolescents.  

 

 

METHODS 

 

Sample and Setting 

Data were collected in a focus sample 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. For a detailed 

description of this cohort please see Huisman et al. (2008). At the third assessment 

wave (T3), a group of adolescents were invited to perform a series of laboratory 

tasks (hereafter referred to as the experimental session), among which was the 

Groningen Social Stress Test (GSST). Before and after this test, four salivary 

cortisol samples were taken. In total, 715 adolescents participated in the 

experiments. Information about lifetime depressive symptoms of both (biological) 

parents was available for 407 of the participants. 
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To increase the power to detect mental health-related differences in response 

patterns, adolescents with an increased risk for mental health problems had a 

greater chance of being selected for the experimental session. Increased risk was 

defined based on temperament (high frustration and fearfulness, low effortful 

control), parental psychopathology (depression, anxiety, addiction, psychoses, or 

antisocial behaviour), and environmental risk (living in a single-parent family). Of 

the 407 adolescents participating in the present study, 59.5% had at least one of 

the above-described risk factors. Lifetime parental depressive symptoms were 

obviously associated with the selection factor parental psychopathology, but not 

with temperament or single parenthood. Please note that, although high-risk 

adolescents were oversampled, the sample included the total range of mental 

health problems present in a community population of adolescents, only in a 

different distribution. Preliminary analyses showed that risk status (high or low) was 

not associated with the cortisol response to social stress. Detailed information on 

the response rates within each stratum can be obtained from the corresponding 

author. Experimental sessions took place on weekdays, in soundproof rooms with 

blinded windows at selected locations in the participants’ residence town; lasted 

about three hours and 15 minutes; and started between 08:00h and 09:30h or 

between 12:30h and 02:30h (59%). Although free salivary cortisol levels are higher 

in the morning due to the circadian rhythm of cortisol production, morning and 

afternoon cortisol responses to social stress were expected (Kudielka et al., 2004) 

and found to be comparable in this sample (Bouma et al., 2009). We asked the 

participants to refrain from smoking and from using coffee, milk, chocolate, or other 

sugar-containing foods in the two hours before the session, since these 

substances are know to influence cortisol levels. At the start of the session, the test 

assistant, blind to the participants’ risk status, explained the procedure and 

administered a short checklist on current medication use, menstrual cycle, quality 

of sleep, and physical activity in the last 24 hours. The experimental protocol was 

approved by the Central Committee on Research Involving Human subjects 

(CCMO). 

 

Of the 407 adolescents from whom we had information of both biological parents, 

girls using OC (n = 58) were excluded from the analyses since an earlier study of 

this sample indicated that OC-users displayed no cortisol response towards the 

social stress test at all (Bouma et al., 2009). Additionally, we discarded one 

adolescent because of use of corticosteroid-containing medication, while two 

adolescents were excluded because of two or more missing cortisol variables. 

Hence, 346 adolescents (42.2% girls, mean age 15.99, SD = 1.02) were included 

in the statistical analyses.  
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The Groningen Social Stress Test  

The GSST protocol was inspired by the Trier Social stress test (TSST; Kirschbaum 

et al., 1993), and described in detail by Bouma et al., (2009). In short, the GSST 

involves six minutes preparation of speech, followed by seven minutes speaking in 

front of a camera, then three minutes silence without speech, followed by six 

minutes of performing difficult mental arithmetic, and another three-minute 

interlude. The interludes were meant to assess cardiovascular recordings without 

the disturbance of speech. The participants were debriefed directly after the test. 

The GSST encompasses the three most important triggers of HPA axis: 

uncontrollability, threat of failure, and fear of negative social evaluation (Dickerson 

and Kemeny, 2002), and has shown to elicit significant changes in heart rate and in 

the HPA-system (Benschop et al., 1998; Van der Pompe et al., 1998; Bouma et al., 

2009).  

 

Measures 

Cortisol was assessed from saliva by the Salivette sampling device (Sarstedt, 

Numbrecht, Germany). Salivary cortisol levels rise about 15 to 20 minutes after a 

psychological stressor (Sharpley and McLean, 1992). Sample Ce2 was taken just 

before the start of the GSST and reflects HPA axis activity when participants filled 

out a rating scale while sitting quietly. Ce3 was collected directly after the end of 

the GSST and reflects response of the HPA axis during speech. Ce3 and Ce4, 

collected 20 respectively 40 minutes after the end of the GSST, are considered 

measures of post-stress activity. After the test, salivettes were stored at -20
o
 C until 

analysis. Details on intra- and inter-assay coefficients of variation can be found in 

Bouma et al., (2009). For 328 (95.8%) adolescents none of the cortisol samples 

were missing. In the remaining 4.2% if the sample, one experimental sample was 

missing due to detection failures in the lab (50%) or insufficient saliva in the tubes 

(50%). Missing values were imputed on the basis of the group mean and standard 

deviation of the missing cortisol sample and the mean of participants’ other cortisol 

samples.  

 

Parental depressive symptoms (PDS) were indicated by self-reports of lifetime 

depressive symptoms, given by both biological parents at T3. The main DSM-IV 

criteria for a Major Depressive Episode (i.e., sadness, loss of pleasure/interest, 

sleep and appetite problems, poor concentration, feelings of guilt, suicidal ideation; 

minimal duration two weeks) were described, followed by a series of questions to 

assess lifetime prevalence, treatment and timing of the first and last episode. 

Preliminary analyses indicated that the timing of the depressive episode(s) was not 

associated with offspring’s cortisol responses. In our sample, 25.7% of the fathers 

and 36.7% of the mothers reported the occurrence of one or more lifetime 

depressive episodes (43.9% only one parent, 9.2% both parents). This relatively 
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high prevalence compared to other adult population samples in the Netherlands 

(Bijl and Ravelli, 2000) and Europe (ESEMed, 2004) is due to the oversampling of 

adolescents with parental psychopathology.  

 

Experienced life stress was assessed at T2 and T3 by a parent questionnaire 

developed by TRAILS. Parents could rate the stressfulness of their child’s life from 

age 0 until age 5, age 6 until age 11, age 11 until age 13 at T2 and from age 13 

until age 16 at T3, on a ten-point scale ranging from 1 (totally not stressful) to 10 

(very stressful). Ratings were missing for 15 adolescents. A total score for 

experienced life stress was formed by computing the weighted mean of reports at 

T2 and T3. This score ranged from 1.06 (5.4%) to 9.00 (0.3%), with a mean of 3.25 

(SD = 1.66).  

 

Adolescents’ depressed mood was assessed at the start of the experimental 

session, by the Dutch version of the short Profile of Mood Scale (POMS; Wald and 

Mellenbergh, 1990). The scale includes eight items describing current mood (down, 

helpless, sad, lonely, unhappy, unworthy, melancholic, desperate), which could be 

rated on a five-point scale (1 = not at all, 2 = a little, 3 = partly, 4 = kind of, 5 = very 

much). Cronbach’s alpha was 0.84. The scale score represents the mean item 

score.  

 

Statistical analysis 

Analyses were performed in SPSS (Version 14.0). Differences in means and 

frequencies between boys and girls were examined by t-tests and χ2-tests, 

respectively. Associations between variables were investigated by Pearson’s 

correlation coefficients. The strength of the cortisol response was indicated by the 

area under the curve with respect to the increase (AUCi) (after Pruessner et al., 

2003), based on the four above-described cortisol samples. The hypothesis that 

PDS were associated with cortisol responses in offspring was tested by means of 

linear regression analysis, with the cortisol AUCi as outcome variable and PDS as 

predictor. Depressed mood can influence the cortisol response to social stress 

(Burke et al., 2005) and was therefore included as covariate. If PDS were 

significantly associated with the AUCi, we tested if this effect was mediated by 

adolescents’ experienced life stress.  The mediation pathway was tested by the 

Sobel test (Sobel, 1982), provided by Kristopher Preacher 

(www.people.ku.edu~preacher/sobel/sobel.htm). When the Sobel test was 

significant, the amount of mediation was estimated by the relative reduction in the 

regression coefficient of PDS after including the mediator in the model. Analyses 

were stratified for boys and girls. Data of morning and afternoon sessions were 

pooled since we previously showed that responses to the GSST were similar in 
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both morning and afternoon sessions (Bouma et al., 2009). A p-value < .05 was 

considered statistically significant. 

 

 

RESULTS 

 

Descriptive statistics  

Descriptive statistics are given in Table 1, stratified by gender. Boys and girls 

differed with respect to age, cortisol levels during the social stress test, general 

level of experienced life stress, and depressed mood. See Table 2 for bivariate 

associations between the variables under study.  

 

Effect of parental depressive symptoms on offspring cortisol responses  

PDS were associated with the cortisol response in daughters, but not in sons (see 

Table 3). These results are graphically presented in Figure 1 (girls) and Figure 2 

(boys). The size of the effect of PDS on daughters’ responses was comparable to a 

Cohen’s d of 0.4, indicating a medium-sized effect (Cohen 1988). In the total 

sample, the two-way interaction between gender and PDS showed a marginally 

significant effect (B = 50.94, p = .08). As could be expected from the lack of 

association between experienced life stress and cortisol responses, the effect of 

parental depressive symptoms on the cortisol response in girls was not mediated 

by adolescent experienced life stress (Sobel test statistic = 0.01, p = .99).  

 

 

 

 

 

 

Table 1. Descriptive statistics 

 Boys Girls Gender Difference 

 n  mean n mean  test (df)  p  

Age (in years) 200 16.08  146 15.86  t (1,344) = -2.04 .04  
Ce2 (in nmol/L) 200   3.77  146   3.45  t (1,344) = -0.63  .53 
Ce3 (in nmol/L) 200   5.38  146   4.20  t (1,344) = -2.30  .02 
Ce4 (in nmol/L) 200   4.98  146   4.48  t (1,344) = -0.97  .33 
Ce5 (in nmol/L) 200   4.00  146   4.01  t (1,344) =  0.32 .97 
AUCi (in nmol/L) 200 62.67  146 42.84   t (1,344) = -1.36  .17 
Stress (1-10) 191    3.42   140   3.03  t (1,329) = -2.11 .04 
Depressed mood (1-5) 199    1.20  145   1.34   t (1,342) = -1.81 .001 

Note: Ce2 = cortisol before the Groningen Social Stress Test (GSST), Ce3 = cortisol 
during the GSST, Ce4 = cortisol immediately after the GSST, Ce5 = cortisol 20 minutes 

after the GSST, AUCi = area under the curve with respect to the increase.  
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Figure 1. Mean salivary cortisol responses of girls with (PDS) and without (no PDS) parents 

with lifetime depressive symptoms.  
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Table 2. Bivariate associations between the variables under study 

 1. 2. 3.  4.  

1. Parental depressive symptoms   .28
 b

 .09
 b

 -.20
 b

 

2. Experienced life stress .20
 b

  .15 -.03 

3. Adolescent depressed mood .13
 b

 .28  -.02 

4. AUCi -.01
 b

 -.05 .13  

Bold = significant association at p < .05. 
b
 = point biserial correlations.  

Note: Girls’ correlations are printed above the diagonal; boys’ correlations below. 

Table 3. Effect of parental depressive symptoms on offspring’ cortisol response  

 Girls Boys 

 B  S.E. p B  S.E. p 
PDS -52.32  22.67 .02 -5.44  18.18 .77 
ADM  -0.36  9.94 .97 19.06  10.70 .08 

Note: PDS = parental depressive symptoms, ADM = adolescent depressed mood.  
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Figure 2. Mean salivary cortisol responses of boys with (PDS) and without (no PDS) parents 

with lifetime depressive symptoms.  

 

 

 

DISCUSSION 

 

Our objective was to study if familial risk for depression influenced cortisol 

responses to a standardised social stress test in adolescents. We used lifetime 

depressive symptoms of both biological parents as a proxy for familial risk. 

Findings indicated that daughters of parents with a history of depressive symptoms 

exhibited a blunted cortisol response to the social stress test, while daughters of 

parents without such history showed the expected curvilinear cortisol response. 

Sons of parents with a history of depressive symptoms did not differ from sons of 

parents without a history of depressive symptoms regarding their cortisol response 

to social stress.  
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The gender-specific effect of PDS supports the growing body of evidence that 

women respond differently to stressors than men (Rudolph 2002; Hammen et al., 

2004). Although genetic factors are involved in the aetiology of depression, not 

much evidence is found for a direct effect in the increased risk in women (Kendler 

and Prescott, 1999). Despite this, genetic factors might indirectly increase this risk 

by interactions with gonadal hormones, known to influence neurotransmitter 

functioning and circadian rhythms which can influence with coping responses to 

stress (Parry, 1995; McCormick and Mathews, 2007). Moreover, adolescent girls 

seem more vulnerable to stress than pre-adolescent girls (Cyranowski et al., 2000; 

Oldehinkel et al., 2008) and pubertal status have been found to interact with risk for 

depression (Silberg et al., 1999). Genetic polymorphisms in the mineralocorticoid 

and glucocorticoid receptor, involved in the HPA axis were differently associated 

with the cortisol response in men and women (Kumsta et al., 2007) and adolescent 

boys and girls (Chapter 6).  

 

Blunted cortisol responses can be a result of down-regulation of the HPA axis, 

which has been suggested to be an adaptive response to expected damaging 

effects of future stressors (e.g. Fries et al., 2005: Tarullo and Gunnar, 2006). 

Although it may initially be adaptive, suppressed cortisol activity has been 

associated with a number of somatic and mental health risks (e.g. Heim et al., 

2000; Charmandari et al., 2003), and may hence be a reason for concern. Blunted 

responses to similar social stress paradigms as the one used in the present study 

have been found before, and were associated with negative family relationships 

(Luecken et al., 2009), mild childhood stress (Gunnar et al, 2009), adverse 

childhood stress (Elzinga et al., 2008), and lifetime stress (Fries et al., 2005). In our 

study, the effect of PDS on daughters’ cortisol responses was not due to 

overexposure to stressful situations, at least not as assessed by our parent-report 

measures. Possibly, the nature of the stressors reflected in this measure was too 

heterogeneous to have a unidimensional effect on the cortisol response. As Lupien 

et al. (2009) showed in a recent review, childhood stressors may lead to both over- 

and under secretion of cortisol, depending on the nature of the stressors. At any 

case, general childhood stress levels, though associated with PDS, could not 

explain the association of PDS with cortisol responses to social stress in the 

present study. 

 

Our findings indicate a different cortisol response to stress in girls at familial risk for 

depression compared to girls not at risk. Since this association was not due to 

adolescents’ experienced lifetime stress, the converted risk of parents to their 

daughters might, to a large extent, be the result of transmitted vulnerability genes. 

The amount and functioning of receptors involved in the activation and termination 

of the HPA axis are influenced by the genes that code for them (Holsboer et al., 
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1995). Polymorphic glucocorticoid receptor genes have been associated with both 

altered HPA axis responses (Wüst et al., 2008; Kumsta et al., 2007; Chapter 6) and 

depression (van West et al., 2006, van Rossum et al., 2006).  

 

Our findings should be interpreted in the light of the following strengths and 

limitations. To the best of our knowledge, we are the first to study the effect of PDS 

on offspring cortisol responses to an acute social stress test in a large (> 300) non-

clinical sample. There are also limitations to this study. First, lifetime PDS were 

measured by questionnaires, and did not directly represent DSM-IV criteria. 

Second, the social stress test was the final task of the experimental session and 

we cannot be certain that the former tasks did not influence our findings. However, 

systematic bias in the associations is not likely, since the social stress test was by 

far the most stressful element of the laboratory session (Oldehinkel, unpublished 

data). A final limitation might be that the Groningen Social Stress Test is probably 

less stressful than the original Trier Social Stress Test. Despite this, evaluative 

threat and uncontrollability, the combination of which is assumed to induce a 

psychophysiological stress response (Dickerson and Kemeny, 2002), are both 

present in the GSST, and we did find observe cortisol responses, as well as 

meaningful differences therein.  

 

This study is the first to show an association between PDS and cortisol responses 

to a standardised social stress test in adolescent girls in a non-clinical sample. It is 

important to determine how children and adolescents at familial risk for depression 

respond to stress, because it adds to the understanding of the transmission of 

depression across generations. It remains to be seen if the blunted response we 

observed is a mechanism through which familial risk for depression is transmitted 

to daughters. The prognostic value of blunted cortisol responses to social stress 

needs further exploration, preferably in longitudinal studies such as TRAILS. In the 

future, we will be able to explore if the girls who displayed blunted responses are 

more at risk to develop depressive symptoms or rather the opposite. Findings from 

genetic association studies in humans hopefully learn us more about which genes 

in which environments are important players in sensitivity to stress and the 

development of depressive symptoms. Future research may also shed more light 

on the intriguing gender difference in determinants of HPA axis functioning that 

was suggested by this study.  
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ABSTRACT 

Polymorphic glucocorticoid (GR) and mineralocorticoid (MR) receptor genes 

(NR3C1 and NR3C2, respectively) are associated with physiological stress 

responses and may convey a risk for stress-related disorders such as 

depression. The association between four single nucleotide polymorphisms in 

the glucocorticoid (BclI, 9beta) and mineralocorticoid (I180V and -2G/C) 

receptor gene and physiological stress responses to a performance-related 

social stress test (public speaking and mental arithmetic) were examined in a 

large population-based sample of Dutch adolescents (the TRAILS study). 

Associations between SNPs and salivary cortisol (n = 554) and heart rate (n = 

543) were tested in boys, free-cycling (FC) girls and oral contraceptive (OC) 

users. The G allele of the GR 9beta genotype was associated with overall 

higher cortisol levels but only in FC-girls (F(3,162) = 3.25, p = 0.04). MR -2G/C 

genotype was associated with the cortisol levels in OC-users (F(6,75) = 2.83, p 

= .03) and in FC-girls (F(6,161) = 2.58, p = .04). Furthermore, MR -2G/C was 

associated with heart rate responses in OC-girls; girls with the GG genotype 

displayed higher heart rates compared to C-allele carriers (F(6,71) = 2.66, p 

=.03). No associations were observed in boys. No associations between SNP 

genotype and physiological responses were found in adolescent boys. GR 

9beta genotype was associated with cortisol levels in FC-girls. The nature of the 

MR -2G/C genotype association with cortisol levels depended on OC-use. Our 

results are concordant with animal studies concerning reports of interactions 

between female sex hormones and corticoid receptors. 
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INTRODUCTION 

 

The neuroendocrine response to stress includes the activation of the sympathetic 

nervous system, resulting in increased heart rate, and release of cortisol from the 

adrenal glands. High levels of cortisol lead to negative feedback of the stress 

response in the brain, by binding to the low affinity glucocorticoid receptor (GR) (de 

Kloet et al., 2009). The mineralocorticoid receptor (MR) has a high affinity for 

cortisol and plays a role in the tonic inhibition of the hypothalamic-pituitary-adrenal 

(HPA) axis (de Kloet et al., 2009). Responses to stress are influenced by genetic 

factors (e.g., Wüst et al., 2004); the availability and efficiency of corticoid receptors 

is influenced by variation in the genes coding for them. Small variants, called single 

nucleotide polymorphisms (SNPs) are commonly present in the glucocorticoid 

receptor gene (nuclear receptor subfamily 3, group C, member 1 [NR3C1], OMIM 

+138040) and the mineralocorticoid receptor gene (nuclear receptor subfamily 3, 

group C, member 2 [NR3C2], OMIM *600983). SNPs in both genes have been 

associated with cortisol and heart rate responses to stress (Wüst et al., 2004; 

DeRijk et al., 2006; Kumsta et al., 2007; Ising et al., 2008) and may convey a risk 

for stress-related disorders such as depression. This is supported by associations 

between the same SNPs and major depression (van Rossum et al., 2006; van 

West et al., 2006) and with depressive symptoms (Kuningas et al., 2006).  

 

Previous studies (Wüst et al., 2004; DeRijk et al., 2006; Kumsta et al., 2007; Ising 

et al., 2008) examined two SNPs in the GR gene (BclI - rs4142324; 9beta - rs6198) 

and one in the MR gene (I180V - rs5522) in relation to various physiological 

responses to a standardised stress test (Trier Social Stress Test; Kirschbaum et 

al., 1993), including heart rate and saliva cortisol. A brief overview of previous 

associations found with heart rate responses and saliva cortisol will be presented 

hereafter. In men, the G allele of the BclI variant, which is a restriction fragment-

length polymorphism located in the first intron of GR, was associated with blunted 

salivary cortisol responses compared to men homozygous for the C allele (Wüst et 

al., 2004; Kumsta et al., 2007; Ising et al., 2008). Inverse relations were detected in 

women; females homozygous for the G allele displayed higher cortisol responses 

than C-carriers (Kumsta et al., 2006). Contrary to Kumsta and colleagues, no 

gender difference was found by Ising et al., (2008); BclI G allele carriers of both 

genders displayed lower endocrine responses. Another polymorphism in the GR 

gene is a A-to-G SNP (9beta) in the 3' untranslated region of exon 9ß. Both male 

and female carriers of the G allele displayed increased cortisol responses (Kumsta 

et al., 2007). A C/G SNP in the MR gene was associated with response to stress; 

male carriers of the G-allele of the I180V (rs5522) polymorphism had higher 

cortisol and heart rate responses than non-carriers (DeRijk et al., 2006). A G/C 
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SNP situated before the promoter region of the MR gene (-2G/C) was examined in 

vitro and the C allele was associated with increased activity of the GR receptor 

(van Leeuwen et al., 2007). This SNP has not been examined in the context of 

social stress but was associated with the cortisol awakening response (CAR) after 

the dexamethason suppression test in a gender-specific way. In women (all OC-

users) with the GG genotype the CAR was blunted, while in GG men the CAR was 

attenuated (Van Leeuwen et al., 2009).  

 

In the present study we investigated if the aforementioned findings in adults could 

be replicated in adolescent boys and girls. In addition, we examine the influence of 

the -2G/C SNP in the MR gene. This study is the first to examine these 

polymorphisms in a large adolescent sample. Because depressive symptoms after 

stressful life events increase in adolescence (e.g. Bouma et al., 2008) and the 

adolescent brain might be more sensitive to psychosocial stress (Perlman et al., 

2007), interactions between the SNPs and physiological responses to stress might 

be different in adolescence compared to adulthood.  

 

In women, associations between polymorphic corticoid receptor genes and 

physiological responses to stress were only examined in adult OC-users and not in 

free-cycling women. This might have implications for the interpretation of the 

previous findings since OC use is associated with altered cortisol responses to 

social stress. Work from our own group indicated that adolescent OC users had no 

distinct cortisol response (Bouma et al., 2009). In adults, blunted responses have 

been associated with OC use as well (Kirschbaum et al., 1999; Rohleder et al., 

2003). The present study is the first to include girls using oral contraceptives as 

well as free-cycling girls. From animal studies we know that synthetic and natural 

sex hormones influence the response to stress by interacting with corticoid 

receptors in the hypothalamus and amygdala (Turner 1997; Chrousos et al., 1998; 

Levine 2002); this interaction might depend on genetic polymorphisms in the 

receptor genes. The results of this study add to the knowledge about if and how 

genetically based variances in corticoid receptors influence HPA axis and cardiac 

autonomic responses to social stress. Moreover, gender-specific effects of genes 

have been associated with vulnerability to stress and depression (Silber et al., 

2001; Kendler et al., 2006), the underlying mechanisms might involve interactions 

of female sex hormones with corticoid receptors.    
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METHODS 

 

Sample 

Data were collected in a subsample 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 (n = 2230). See Huisman et 

al., (2008) for a detailed description of the TRAILS cohort. At the third assessment 

wave (T3), part of the adolescents were invited to perform a series of laboratory 

tasks (hereafter referred to as the experimental session) in order to study a 

diversity of research questions within the TRAILS study. Of the 744 adolescents 

that were invited 715 (96.1%) agreed to participate. Two thirds (66.2%) of the focus 

sample consisted of adolescents with an increased risk to develop mental health 

problems, while the other 33.8% were randomly selected from the total TRAILS 

sample. Please note that, although high-risk adolescents were oversampled, the 

sample included the total range of mental health problems present in a community 

population of adolescents, only in a different distribution. More detailed information 

on the selection procedure can be found in Appendix I in Chapter 2. The 

experimental protocol was approved by the Dutch Central Committee on Research 

Involving Human Subjects (CCMO).  

 

Of the sample of 715 adolescents, 649 (90.8%) were of Caucasian descent, of 

whom 592 (91.2%) were successfully genotyped. We excluded adolescents who 

used analgesic (pain-relieving) drugs on the day of the experiment or the day 

before and/or SSRIs and/or corticosteroids (n = 24), because these medications 

can influence responses to stress (Holsboer and Barden, 1996). Three girls were 

discarded because of missing information on OC-use. Eight adolescents were 

discarded because of cortisol detection failures in more than two saliva samples 

and/or irregularities in the interbeat-intervals (IBI). Hence, 557 adolescents (mean 

age 16.07 years, SD = 0.90, FC-girls n = 183; OC-users n = 94; boys n = 280) 

were included in the analyses.  

 

Procedure  

During the experimental session, participants’ psychophysiological responses 

(cardiovascular, cortisol, subjective arousal) to a variety of challenging conditions 

were recorded (see Bouma et al., 2009 for details). In brief, the sessions took place 

on weekdays, in soundproof rooms with blinded windows at selected locations in 

the participants’ residence town; lasted about three hours; and started between 

08:00h and 09:30h or between 12:30h and 02:30h (57%). Adolescents were 

randomly assigned to morning and afternoon sessions. Participants were asked to 

refrain from smoking and from using coffee, milk, chocolate, and other sugar-
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containing foods in the two hours before the session. Data of morning and 

afternoon sessions are pooled.   

 

The Groningen Social Stress Test 

The Groningen Social Stress Test (GSST) is a standardised protocol, inspired by 

the Trier Social stress test (TSST; Kirschbaum et al., 1993), to induce moderate 

performance-related acute social stress. In short, participants were instructed to 

prepare a six-minute speech about themselves and their lives and perform difficult 

mental arithmetic in front of a camera. The GSST encompasses the three most 

important triggers of hypothalamic-pituitary-adrenal (HPA)-axis: uncontrollability, 

threat of failure, and fear of negative social evaluation (Dickerson and Kemeny, 

2002). Participants were debriefed directly after the GSST. For a more detailed 

description of the GSST see Chapter 2 and Bouma et al., (2009).    

  

Measures  

Cortisol was assessed from saliva by the Salivette sampling device (Sarstedt, 

Numbrecht, Germany). The cortisol response towards the GSST was measured 

based on four cortisol samples. Salivary cortisol levels rise about 15 to 20 minutes 

after a psychological stressor (Sharpley and McLean, 1992). Ce2 was collected 

directly after the end of the GSST and reflects HPA axis responses during speech. 

Ce3 and Ce4, collected 20 respectively 40 minutes after the end are considered 

measures of post-stress activity of the HPA axis. Samples were brought to the 

laboratory of the University Medical Centre in Groningen, where they were stored 

at -20
o
 C until analysis. The intra-assay coefficient of variation was 8.2% for 

concentrations of 1.5 nM, 4.1% for concentrations of 15 nM, and 5.4% for 

concentrations of 30 nM. The inter-assay coefficients of variation were, 

respectively, 12.6%, 5.6%, and 6.0%. The detection border was 0.9 nM. Missing 

cortisol samples (Ce2, n = 20, Ce3, n = 24, Ce4, n = 27, Ce5, n = 24) were due to 

detection failures in the lab (52%) or insufficient saliva in the tubes (48%). Missing 

values were imputed on the basis of group mean and standard deviation, where 

group is either ‘boys’, ‘FC girls’, or ‘OC-users’, and the (standardised) mean of 

participant’s non-missing cortisol samples.  

 

Heart rate (HR) was recorded during and after the GSST in four blocks: speech 

preparation (HR1) (240 s), speech (HR2) (360 s), mental arithmetic (HR3) (360 s), 

and post test (HR4) (300 s). A three-lead electrocardiogram was registered using 

3M/RedDot - Ag/AgCl electrodes (type 2255, 3M Health Care, D-41453 Neuss, 

Germany), while the participant was sitting and breathing spontaneously. With a 

BIOPAC Amplifier-System (MP100), the signals were amplified and filtered before 

digitization at 250 samples/second. Dedicated software (PreCARSPAN, previously 

used in, e.g., Dietrich et al., (2006) was used to check signal stationarity, to correct 
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for artifacts, to detect R-peaks, and to calculate the interbeat-interval (IBI) between 

two heartbeats. IBI is inversely related to HR by the equation HR = 60000/IBI. HR 

was defined as the number of beats per minute (bpm). Blocks were considered 

invalid if they contained artefacts with duration of more than 5 seconds, if the total 

artefact duration was more than 10% of the registration, or if the block length was 

less than 100 seconds. Missing heart rate recordings (HR1, n = 6, HR2, n = 3, 

HR3, n = 3, HR4, n = 6) were due to recording failure (42%) or signal-analysis 

failure (58%). Missing values were imputed in a similar way as described above for 

cortisol levels.  

 

Depressed mood was assessed at the start of the experimental session, by means 

of the Dutch version of the short Profile of Mood Scale (POMS; Wald and 

Mellenberg, 1990). The Depressed Mood scale includes eight items describing 

current mood (down, helpless, sad, lonely, unhappy, unworthy, melancholic, 

desperate), which could be rated on a five-point scale (1 = not at all, 2 = a little, 3 = 

partly, 4 = kind of, 5 = very much). Cronbach’s alpha was .87.  

 

Use of oral contraceptives (OC) was assessed at the day of the experiment, while 

type and name of the pill were asked as part of a questionnaire that was assessed 

previously, at school. In total, OCs were used by 94 girls, of whom 66 (70.2%) used 

a monophasic OC and four girls a tri-phasic Pill (both ethinylestradiol and 

progestagen based). Ten girls used the ‘Diane’ Pill, which contains only 

progestagen (cyproteronacetaat) and is mainly prescribed for the beneficial effects 

on acne vulgaris. Fourteen girls did not know what type of OC they used.  

 

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 (1988). Genotyping was performed on the Golden Gate Illumina 

BeadStation 500 platform (Illumina Inc., San Diego, CA, USA), following the 

manufacturers protocol.  We used an assay which was designed within the 

framework of various research questions of the TRAILS study. Genotyping data 

and clustering was performed in BeadStudio 3.0 (Illumina Inc., San Diego, CA, 

USA). Call rates were 95% for rs6198 (GR 9beta) and rs5522 (MR I180V), and 

100% for rs2070951 (MR -2G/C) and rs41423247 (GR BclI). Concordance 

between DNA replicates showed a genotyping accuracy of 100%. Data cleaning 

was in line with procedures recommended by Nolte et al., (2009). Calculations of 

linkage disequilibrium between SNPs were performed in Excel using an 

Expectation-Maximization algorithm.  
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Statistical analysis 

Analyses were performed in SPSS (Version 14.0). Allele frequencies were 

calculated and analyzed for deviations from Hardy-Weinberg equilibrium (HWE) 

using χ
2
-tests. Means and standard deviations of all variables were calculated and 

gender differences were analyzed by Analysis of Variance (continuous variables) 

or χ
2
-tests (categorical variables). Cortisol and heart rate data were log-

transformed (natural logarithm) to approach a normal distribution before analysis. 

Tables and figures show non-transformed data. Genotypes were examined 

concordant with earlier studies; GR BclI:  CC vs CG vs GG, GR 9beta and MR 

I180V: AA vs AG/GG (Wüst et al., 2004; Kumsta et al., 2007; Ising et al., 2008). 

The novel MR -2G/C polymorphism was examined by the general genotype 

approach (GG vs GC vs CC) assuming no specific inheritance model.   

 

Genotype associations with cortisol and heart rate responses were examined by 

repeated-measures General Linear Modeling (GLM), with cortisol (Ce2, Ce3, Ce4, 

Ce5) or heart rate (HR1, HR2, HR3, HR4) responses to the GSST as dependent 

variables, and genotype as between-subjects factor. This was done for each SNP 

separately. Within-subjects effects (labelled ‘stress’) reflect changes in cortisol 

levels or heart rate during the GSST. Interactions between genotype and the 

within-subjects effects indicate genotypic differences in changes in cortisol levels or 

heart rate during the task. In case of significant interactions, linear and quadratic 

trends were tested to examine the nature of the differences. A linear trend signifies 

an overall rise or fall in cortisol levels or heart rate during the test, while a quadratic 

trend indicates higher levels during the test than before and after. The within-

subject effects were corrected using the Greenhouse-Geisser procedure when 

sphericity could not be assumed. Analyses were performed separately for boys, 

OC-users and FC-girls. Depressed mood was included as a covariate since it may 

be associated with both the genotypes under study and cortisol and heart rate 

responses to stress (Hughes and Stoney, 2000; Burke et al., 2005; Kuningas et al., 

2006; van Rossum et al., 2006; van West et al., 2006; Carroll et al., 2007). Data 

were pooled from morning and afternoon sessions. Analyses were corrected for 

time of day (morning or afternoon) to explore group differences in overall cortisol 

levels since levels are higher in the morning compared to the afternoon (e.g. 

Kudielka et al., 2004; Bouma et al., 2009). A p-value < .05 was considered 

statistically significant.  
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RESULTS 

 

Descriptive Statistics 

All SNPs were in Hardy-Weinberg equilibrium. Frequencies can be found in Table 

1. The two SNPs in the GR gene and in the MR gene were not correlated with each 

other (r2 < 0.2 for both pairs). The linkage disequilibrium measure D’ was > 0.98 for 

both pairs, indicating strongly reduced recombination between the SNPs within a 

gene, but independent evolutionary histories of the mutations.  

 

Descriptive statistics of the three groups and groups differences are presented in 

Table 2. OC girls had higher cortisol levels on sample 1 compared to FC-girls (p < 

.001) and boys (p = .001). Boys had higher cortisol levels on sample 2 (p < .01) 

compared to FC-girls. Group differences in heart rate were caused during 

preparation and speech by boys having lower heart rates than girls (p < .001), 

regardless of OC use. 

 

Table 1. Allele frequencies and differences between boys, free-cycling girls and oral 
contraceptive users  

Polymorphism rs number conversion   f  group difference  

GR BclI rs41423247  C � G  .40 χ
2
 = 8.83  p = .07  

GR 9 beta  rs6198 A � G   .18 χ
2
 = 7.89 p = .09  

MR I180V rs5522 A � G   .17 χ
2
 = 0.95 p = .71  

MR -2G/C rs2070951 C � G  .66 χ
2
 = 5.31 p = .26  

Note: f = allele frequency of the G allele. Details on group differences can be found in the 
text of the result section.  

Table 2. Descriptive statistics  

Variable Boys  Girls FC  Girls OC Group difference  

 n mean n  mean n  mean  Test statistic  p  
Age (years) 277 16.09  183 15.90  93 16.34  F (2, 556) = 7.45 .001  
Depr. mood 274 1.21  183 1.36  93 1.36  F (2, 553) = 7.84 <. 001 
Ce2 (nmol/l) 277 3.82  183 3.32  94 5.65  F (2, 552) = 10.45 <.001 
Ce3 (nmol/l) 277 5.49  183 4.43  94 4.55  F (2, 553) = 3.62  .03  
Ce4 (nmol/l) 277  4.81  183 5.20  94 4.18  F (2, 553) = 1.43 .24  
Ce5 (nmol/l) 277 3.76  183 4.34  94 4.09  F (2, 552) = 1.46 .23 
HR1 (bpm) 266 74.83  178 81.02  89   80.47  F (2, 533) = 22.76 .001 
HR2 (bpm) 266 78.30   178 87.09  89  84.49  F (2, 532) = 26.83 .001 
HR3 (bpm) 266 76.17  178 80.94  89  79.31  F (2, 532) = 9.55 .001 
HR4 (bpm) 266 67.94  178 70.00   89  71.62  F (2, 532) = 9.37 .01  

Notes: Depr. mood = adolescent depressed mood, FC= free-cycling, OC = oral 
contraceptives. Responses during the Groningen Social Stress Test: Ce2 = pre-stress 
cortisol, Ce3 = cortisol during social stress, Ce4 = post-stress cortisol, Ce5 = post-stress 
cortisol, H1 = heart rate during preparation, H2 = heart rate during speech, H3 = heart 
rate during mental arithmetic, H4 = post-stress heart rate. Details on group differences 
can be found in the result section. 
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The group differences during arithmetic was caused by boys having lower heart 

rate than FC-girls (p < .001) and the difference during post stress was due to boys 

having lower heart rates than OC-users (p = .01). Girls, irrespective of OC-use, 

reported more depressed mood than boys (p < .02).  

 

Associations of SNP genotype with the stress response 

In FC-girls, GR 9beta genotype was significantly associated with cortisol responses 

(see Table 3). The effect of genotype concerned only the linear trend; G-allele 

carriers have overall higher cortisol responses compared to FC-girls homozygous 

for the A allele. This genotype effect explained 2% of the variance in cortisol levels. 

This can be considered as a medium size effect (Nolte et al., 2009). GR 9 beta 

genotype was not related to heart rate responses in any of the groups. GR BclI and 

MR I180V were not associated with cortisol and heart rate (Table 3). Significant 

associations were present for MR -2G/C genotype and cortisol in the two female 

groups (Table 3) but this association concerned the linear trend only indicating 

differences in overall levels and not in response patterns. The association between 

genotype and heart rate response (Table 3) in OC-girls concerned the quadratic 

trend only, indicating an effect on the heart rate response which is graphically 

displayed in Figure 1. The effect of -2G/C explained 7% of the variance in cortisol 

levels and heart rate responses, which can be considered as a large effect (Nolte 

et al., 2009). 

 

 
 
 

Table 3. Interaction effects of SNP genotype on stress responses 

BclI genotype  Cortisol    Heart rate  

Group  Test statistic  p  Test statistic  p  

Boys   F (6,256) = 0.74 .57  F (6,245) = 0.29 .91 
FC girls    F (6,161) = 1.45 .22  F (12,550) = 0.61 .82 
OC girls   F (6,75) = 0.51 .72  F (6,71) = 0.76 .58 

9beta   Cortisol    Heart rate  
Boys   F (3,257) = 0.39 .68  F (3,246) = 0.61 .82 
FC girls    F (3,162) = 3.25 .04  F (3,157) = 0.48 .67 
OC girls   F (3,76) = 2.02 .14  F (3,72) = 0.15 .86 

MR I180V  Cortisol    Heart rate  
Boys   F (6,256) = 0.07 .94  F (3,246) = 0.65 .67 
FC girls    F (6,161)= 1.42 .24  F (3,157) = 0.29 .91 
OC girls   F (6,75) = 0.34 .70  F (3,72) = 1.28 .28 
MR -2G/C  Cortisol    Heart rate  
Boys   F (16,256) = 0.89 .47  F (6,145) = 0.35 .89 
FC girls    F (6,161) = 2.58 .04  F (6,156) = 1.27 .28 
OC girls   F (6,75) = 2.83 .03  F (6,71) = 2.66 .03 

Notes: All analyses were corrected for depressed mood and time of day. Uncorrected 
degrees of freedom are reported. 
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Figure 1. Mean heart rate responses of girls using oral contraceptives according to -2G/C 
genotype.  Note: Bars represent standard errors of the mean.   

 

 

DISCUSSION 

 

Our objective was to study associations of polymorphisms in the mineralocorticoid 

and glucocorticoid receptor gene with HPA axis and cardiac autonomic responses 

to social stress in a large sample of adolescent boys, girls using oral contraceptives 

(OC-girls) and free-cycling (FC) girls. Our results suggest that two SNPS, GR 

9beta and MR -2C/G, are associated with salivary cortisol levels and heart rate 

responses during and after the social stress test. We found no effects of any of the 

other genotypes (GR BclI, GR 9beta, MR I180V, and MR -2G/C) on cortisol and 

heart rate responses in boys. In FC-girls, GR 9 beta and MR -2G/C were 

associated with cortisol levels but no associations were found for heart rate. In OC-

girls, MR -2G/C genotype was associated with both cortisol levels and heart rate 

response patterns.  
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In previous studies Kumsta and colleagues (2007) examined the 9beta SNP and 

reported increased cortisol responses in both men and women who carried the G 

allele. We could not replicate this in boys and OC-users in our adolescent sample. 

We did found an effect of 9beta genotype in FC girls: carriers of the G allele 

displayed lower cortisol levels than girls with the homozygous AA genotype. We  

could also not replicate previous findings with regard to GR BclI and cortisol 

responses (Wüst et al., 2004; Kumsta et al., 2006) and MR I180V and heart rate 

responses in men (DeRijk et al., 2006). Our results partly supports the suggestion 

by DeRijk et al., (2008) who state that cardiac autonomic responses do not seem to 

be affected by GR variants but by MR variants. This was the case in our 

adolescent sample, at least for the -2G/C SNP in OC-users.  

 

Inconsistencies with previous research could be due to sample characteristics such 

as sample size, age and duration of oral contraceptive use. Our sample size is 

twice that of previous studies (Wüst et al., 2004; DeRijk et al., 2006; Kumsta et al., 

2007; Ising et al., 2008), we had > 80% power in all three groups to detect a 

medium size effect (based on calculations by Nolte et al., 2009). Long-term use of 

synthetic sex hormones might have different effects on the stress response than 

shorter usage (max 18 months) as is the case in our adolescent sample, which 

explains the non-replication of previous findings in adult women. The absence of 

replication in males might be due to the overall lower levels of sex hormones levels 

between adolescent boys and adult men, although the influence of androgens on 

the stress system is not clear in humans.    

 

Our findings should be interpreted in the light of the following strengths. First, to the 

best of our knowledge, we are the first to study the effects of genetic variants of 

glucocorticoid and mineralocorticoid receptors on physiological stress responses in 

a large group of adolescents. Second, we are the first to study these associations 

in FC-girls and OC-users. Third, we are the first to examine the MR -2G/C variant 

in the context of a social stress paradigm. There are also limitations. The social 

stress test was the last task of the experimental session and we do not know to 

what extent this may have influenced heart rate and cortisol responses. However, 

systematic bias in our associations is not likely, because the social stress test was 

by far the most stressful element of the session (Oldehinkel, unpublished data).  

Another limitation is that the social stress test involved speaking aloud, which may 

have obscured associations with genotype since Sloan et al., (1991) reported that 

speaking during a stressful task decreases heart rate responses.  

 

The MR -2G/C association was different according to oral contraceptive use. With 

regard to OC-girls, we formerly reported (Bouma et al., 2009) that these girls 

showed no cortisol response to social stress. The present study showed that there 
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are differences according to this MR SNP genotype. As opposed to OC-girls who 

carry the C-allele and had high pre-test levels that declined during the social stress 

test, girls with the GG genotype had lower pre-test levels and showed virtually no 

decline. Moreover, OC-girls with the GG genotype had higher heart rate responses 

than girls with the C-allele. Our results suggest an interaction of (synthetic) sex 

hormones with mineralocorticoid receptor variants, hereby influencing cortisol and 

heart rate responses to social stress. Why this genotype effect was only reflected 

in heart rate responses of OC-girls and not in those of FC-girls deserves further 

study. However, strong conclusions with respect to the cortisol response cannot be 

made since the effect of genotype was not significant in the quadratic trend. These 

interesting findings need to be replicated in another (adolescent) sample. Also of 

interest is to find out how the -2G/C SNP affect translation of the MR gene and 

hence functioning of the MR receptor.   

  

Sex hormones influence functioning of both the MR and GR corticoid receptors in 

the brain, but mostly the MR (Turner, 1997). This is in concordance with our 

results, since we found OC-related differences for the MR genotype, but not for GR 

genotype. There was no relationship between the studied SNPs and physiological 

responses in boys which is in line with observations in male rats, in which 

androgens do not seem to affect functioning of corticoid receptors (Handa et al., 

1994) while estrogens and progesterone do in female rats (e.g. Castren et al., 

1995; Weisser and Handa, 2009). The different associations of MR -2G/C 

genotype with cortisol responses we found in FC-girls and OC-users might be a 

result of different interactions of sex hormones with genetically based differences in 

the mineralocorticoid receptor. Synthetic sex hormones in birth control pills, like 

ethinylestradiol and progestagins, alter the level of natural sex hormones, resulting 

in differences between OC-users and non-users. Progestin based pills and pills 

containing both ethinylestradiol and progestin might influence the associations 

under study differently, but this could not be tested due to low numbers of girls that 

used a birth control pill based only on progestins.  

 

The results of this study suggest an association of the 9beta SNP in the GR gene 

and -2G/C SNP in the MR gene with adolescents’ cortisol levels and heart rate 

response patterns to a standardised social stress test. We showed that the nature 

of this association depends on gender and use of oral contraceptives. How sex 

hormones interfere with genetically different corticoid receptors and how this 

influences the HPA axis and cardiac autonomic nervous system needs further 

study. Expression studies, together with association studies in prospective cohorts 

such as TRAILS, are necessary in understanding the gene-environment 

interactions in development of stress related disorders such as depression. 
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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 
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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 
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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. 
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Chapter 8    

 

‘The great tragedy of science:  

the slaying of a beautiful hypothesis 

by an ugly fact.’ 

 

Thomas Henry Huxley 
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ABSTRACT 
The three-way interaction between the functional polymorphism in the serotonin 

transporter gene linked promotor region (5-HTTLPR), the valmet polymorphism 

in the brain-derived neurotrophic factor (BDNF) gene, and childhood adversity 

in the prediction of depression in children, reported by Kaufman and colleagues 

in 2006, has only been confirmed in adult samples. This study examines the 

gene-by-gene-by-environment interaction in an adolescent sample. In a 

longitudinal population-based study depression scores were assessed with the 

Youth Self Report at ages 11, 13.5 and 16. Pre- and perinatal adversities and 

childhood events were assessed in a parent interview at age 11. Long term 

difficulties until age 11 were assessed with a parent questionnaire at age 13.5. 

Blood or buccal cells were collected for genotyping at age 16. The study 

included 1096 complete data sets. Depression score over the three 

measurements was not significantly predicted by any interaction between 

genotypes and childhood adversities. We were not able to confirm the three-

way interaction in a representative, population based sample of adolescents. 

The large sample resulted in adequate power and in combination with the 

reliability of our measures gives confidence in our findings. 
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INTRODUCTION 

 

The goal of the present study is to replicate the finding that childhood adversities 

predict higher depression scores in individuals carrying the brain-derived 

neurotrophic factor (BNDF) gene met allele and the serotonin transporter gene 

linked promotor region (5-HTTLPR) ss genotype. In 2006, Kaufman and colleagues 

(Kaufman et al., 2006) were the first to show a three-way interaction between 

childhood maltreatment history, BDNF val/met and HTTLPR in the prediction of 

depression scores during adolescence. A sample of 109 children with a severe 

maltreatment history who had just been removed from the parental home was 

compared to 87 controls. Kaufman et al. found that depression scores were highest 

in maltreated children carrying a BDNF met allele and the 5-HTTLPR s/s genotype 

compared to controls and to maltreated children with other genotypes (Kaufman et 

al., 2006). This finding was replicated in a female adult twin sample using a 

continuous childhood adversity measure (Wichers et al., 2008), but not in a 

college-aged sample (Aguilera et al., 2009). A similar three-way interaction with 

recent life stress has been reported in an elderly sample (Kim et al., 2007). As it is 

important to confirm genetic associations (Risch et al., 2009), we investigated if this 

three-way interaction was present in a large representative population cohort of 

Dutch adolescents. 

 

 

METHODS 

 

Sample 

Data from the first, second and third wave of the TRacking Adolescents’ Individual 

Lives Survey (TRAILS) were used. TRAILS is a prospective cohort study of Dutch 

adolescents. At baseline, 2230 children were enrolled in the study (response rate 

76%, mean age 11.09 (SD 0.59), 51% girls; de Winter et al., 2005), at the second 

wave 96.4% of the baseline sample participated again (n = 2149, mean age 13.55 

(SD 0.54), 51% girls; Huisman et al., 2008), at wave three the response rate was 

81.4% (n = 1838, mean age 16.13 (SD 0.59), 52% girls) of whom 1599 gave blood 

(or buccal cells) for DNA analysis.  

 

Procedures 

At the first assessment wave well-trained interviewers visited one of the parents or 

guardians (preferably the mother, 95.6%) at their homes to administer an interview 

covering a wide range of topics, including prenatal and perinatal risks and the 

occurrence of stressful events. At the second wave, the parents filled out a 

questionnaire including questions about long term difficulties affecting the child. At 
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all three assessment waves, children were evaluated at school, where they filled 

out questionnaires under the supervision of TRAILS assistants. At the third wave 

blood or buccal cells were collected for DNA analysis. All procedures were 

approved by the Central Committee for Research involving Human Subjects. All 

participants and their parents gave written informed consent. 

 

Pregnancy and Delivery Adversities 

The variable Pregnancy and Delivery Adversities (PDadv) was based on questions 

about maternal smoking and alcohol use during pregnancy, birth weight, 

gestational age and pregnancy and delivery complications (Buschgens et al., 

2009).  

 

Childhood Events 

The variable childhood events (CE) was a sum score of stressful events that 

occurred before the first wave, and included severe disease of the mother, severe 

disease of the father, threatening disease of a sibling, death of a direct family 

member, divorce of the parents and absence from home for three moths or longer.  

 

Long Term Difficulties 

The variable Long Term Difficulties (LTD) was a sum score of chronic disease or 

handicap of the child, chronic disease or handicap of a direct family member, the 

child is being bullied, long lasting conflicts of the child with a direct family member 

and long lasting conflicts of the child with someone else that occurred until the age 

of 11.  

 

Depression 

Depressive symptoms during the past 6 months were assessed at T1, T2 and T3 

using the Affective Problems Scale of the Youth Self-Report (Achenbach, 1991; 

Achenbach et al., 2003) which consists of 13 items. The mean of at least 9 items 

(in case of missing values) was calculated at each measurement wave resulting in 

scores between 0 and 2. We used the average score over three measurement 

waves as the outcome measure. 

 

Genotyping 

DNA was extracted from blood samples (n = 1238) or buccal swabs (Cytobrush®) 

(n = 361) using a manual salting out procedure as described by Miller and 

colleagues (Miller et al., 1988).  

 

Genotyping of BDNF 

Genotyping the BDNF SNP (rs6265) was performed on the Golden Gate Illumina 

BeadStation 500 platform (Illumina Inc., San Diego, CA, USA), following the 
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manufacturer’s protocol. We used an assay which was designed within the 

framework of various research questions of the TRAILS study. Genotyping data 

and clustering was performed in BeadStudio 3.0 (Illumina Inc., San Diego, CA, 

USA). Call rate was  81% for rs6265. Concordance between DNA replicates 

showed an accuracy of 100%.  

 

Genotyping of 5-HTTLPR 

Genotyping the 5-HTTLPR polymorphism in the promoter region of SLC6A4 (5-

HTT, SERT) gene was performed by simple sequence length analysis. 

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). Call rate was 91.6% The single 

nucleotide substitution (A>G) present in the HTTLPR long (l) allele (rs25531) was 

genotyped using a custom-made Taqman assay (Applied Biosystems, Nieuwerkerk 

a/d Ijssel, The Netherlands). Detailed information can be found in the supplement. 

Call rate was 96.5% for rs25531. Concordance between DNA replicates showed an 

accuracy of 100%. Because the lg polymorphism represents low serotonin 

expression comparable to the s allele, s and lg alleles were recoded s’, la was 

recoded l’. 

 

Statistical analysis 

A linear regression equation was used to predict depression scores. Gender was 

entered as a covariate, the main effects of PDadv, CE and LTD were entered 

followed by BDNF met carrier, 5-HTTLPR l’/s’ and s’/s’ genotypes and all two and 

three way interactions between childhood adversities and genotypes. Additional 

analyses were performed to check robustness of the findings. 

 

 

RESULTS 

 

Statistical analyses were performed on 1096 complete cases (53% girls). Average 

depression score over the three measurements was 0.28 (SD 0.20, range 0-1.33 

on a 0-2 scale). Participants experienced a mean of 1.4 PDadv (SD 1.03), 0.66 CE 

(SD 0.81) and 0.41 LTD (SD 0.67). Means and SD’s of complete cases were not 

different from the whole TRAILS sample (Supplementary Figure). Correlations 

between childhood adversities were low (.1< r <.2). Biserial correlations between 

genotypes and childhood adversities were all below r = .1.  

 

Frequencies of the functional polymorphisms were  l’/l’ 283 (26%), l’/s’ 555 (50%) 

and s’/s’ 258 (24%). Because the BDNF met/met genotype was rare (n = 35), 
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BDNF genotype was dichotomized into val/val and met carrier. Frequencies were 

BDNF val/val 685 (63%), met carrier 411 (37%). 

 

Childhood adversities and gender significantly predicted depression scores, 

interactions between BDNF, 5-HTTLPR and PDadv, CE or LTD were not significant 

(Table 1). Power calculations showed that we had adequate power to detect a 

small effect.  

 

 

DISCUSSION 

 

The gene-gene-environment interaction between BDNF, 5-HTTLPR and childhood 

adversities described by Kaufman et al. (2006) and replicated by Wichers et al., 

(2008) but not by Aguilera et al., (2009) could not be replicated in our 

representative adolescent population cohort either.  

 

There are similarities and differences between earlier reports and our findings as is 

clear from the schematic overview of relevant features of the different studies 

(Table 2). Our sample size was five fold the original sample. Although findings are 

more likely to be true in large studies (Ioannidis et al., 2005), this does not explain 

why the three-way interaction was also found in another large sample (Kim et al., 

2007). It is possible that the non-replication is due to lower levels of childhood 

adversity in our sample, because the strongest effects are expected in the most 

extreme situations (Plomin et al., 2001). However, Wichers et al., (2008) also used 

a mild measure of childhood adversity, they excluded questions about abuse. 

Additionally, there were differences in genotyping and genotype distributions 

between the studies that might explain different findings. The present study is the 

only study in which functional 5-HTTLPR alleles were analysed. Genotype 

distributions were different between the original study (Kaufman et al., 2006) and 

later studies (Wichers et al., 2008: Aguilera et al., 2009) including our study. 

 

Reliability of the measures has a huge impact on estimation of regression 

coefficients (Liu and Salvendy, 2009). Depression scores are likely to be most 

reliable when averaged over several measurements, as we did. Further, it is 

unlikely that our measures of childhood adversity were confounded by depressive 

state as they were reported by different informants. Childhood adversities were 

assessed at two measurement waves with different methods. Furthermore, 

retrospective reports of major adversities that do not rely on interpretation or 

judgement are valid (Hardt and Rutter, 2004), giving extra support for our finding. 
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Another issue is bias of researchers to submit positive findings, of editors to send 

positive findings to reviewers, and of reviewers to evaluate studies with positive 

findings more positively (Olsen et al., 2002; Sridharan and Greenland, 2009). Thus, 

although we know that there have been three studies with positive findings, we 

cannot be sure about the number of studies in which no interaction effect was 

found. 

 

  B S.E. p B S.E. p 

Main 

effects 

Constant 0.27 0.01 .00 0.30 0.03 .00 

 Male gender -0.08 0.01 .00 -0.08 0.01 .00 

 PDadv 0.01 0.00 .01 0.00 0.01 .80 

 CE 0.02 0.01 .00 0.01 0.02 .50 

 LTD 0.05 0.01 .00 0.03 0.02 .17 

 BNDFmet    -0.07 0.04 .12 

 5-HTTLPR l’/s’    -0.02 0.03 .45 

 5-HTTLPR s’/s’    -0.03 0.04 .55 

Two-way BDNFmet*5-HTTLPR l’/s’    0.07 0.05 .25 

 BDNFmet*5-HTTLPR s’/s’    0.07 0.07 .19 

 PDadv*BDNFmet    0.03 0.02 .24 

 CE*BDNFmet    0.01 0.03 .65 

 LTD*BDNFmet    0.01 0.04 .76 

 PDadv*5-HTTLPR l’/s’    -0.00 0.02 .87 

 CE*5-HTTLPR l’/s’    0.04 0.02 .07 

 LTD*5-HTTLPR l’/s’    0.02 0.03 .43 

 PDadv*5-HTTLPR s’/s’    0.01 0.02 .77 

 CE*5-HTTLPR s’/s’    -0.01 0.03 .59 

 LTD*5-HTTLPR s’/s’    0.06 0.03 .07 

Three-way  PDadv*BDNFmet*5-HTTLPR 

l’/s’ 

   -0.02 0.03 .44 

 CE*BDNFmet*5-HTTLPR l’/s’    -0.05 0.04 .20 

 LTD*BDNFmet*5-HTTLPR l’/s’    -0.05 0.05 .32 

 PDadv*BDNFmet*5-HTTLPR 

s’/s’ 

   -0.02 0.04 .64 

 CE*BDNFmet*5-HTTLPR s’/s’    -0.00 0.04 .93 

 LTD*BDNFmet*5-HTTLPR s’/s’    -0.09 0.05 .09 

PDadv = pregnancy and delivery adversities, CE = childhood events, LTD = long term 
difficulties, BDNF met = met allele carriers at the brain derived neurotrophic factor gene, 5-
HTTLPR l’/s’ = carriers of one long and one functional short (s or lg) allele on the serotonin 
transporter gene linked promotor region, s’/s’ = carriers of two functional short alleles on the 5-
HTTLPR gene. Each B represents the increase in depression score for one unit increase in the 
predictor. The second model is a hierarchical model, each B represents the effect for one 
genotype. When no genotype is indicated, effects represent the effects in the reference 
genotypes, which are BDNF val/val and 5-HTTLPR l/l.  

Table 1. Linear regression model with two-way and three-way interactions between genotypes  

and childhood adversities on depressive symptoms. 
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Table 2. Schematic overview of studies into three-way interaction with (childhood) adversity, 5-HTTLPR and BDNF val/met on depression. 

Study Subjects 
Childhood 
Adversity 

(informant) 

Depression score 
(all self report) 

Genotype distribution   
(%) 

Results 

 n mean 
age 

% 
female 

 Measure Assessment 5-
HTTLPR 

BDNF  

Kaufman 
et al. 

196 9.3  51% Removed from 
parental home 
because of abuse 
or neglect 
(multiple 
informants) 

Mood and 
Feelings 
Questionnaire 

Once at  
baseline 

l/l 39  
l/s 43 
s/s 18 

val/val 76 
val/met 23 
met/met 1**  

three-way 
interaction 

Wichers 
et al. 

394 
twins 

18-46*  100% Childhood Trauma 
Questionnaire 
(self-report, 
excluding abuse) 

Symptom 
Check List 

Average over 
five measure- 
ments (15 
months) 

l/l 32 
l/s 47 
s/s 21 

val/val 75  
met  25 

three-way 
interaction 

Kim et al. 732 65+* not 
reported 

List of Threatening 
Events (self report 
about events in 
last year) 

Geriatric Mental 
State diagnostic 
schedule 

Once at  
baseline 

l/l 13 
l/s 34 
s/s 53 

val/val 25 
val/met 56 
met/met 19 

three-way 
interaction 

Aguilera 
et al. 

534 22.9  55% short Childhood 
Trauma 
Questionnaire 
(self report) 

Symptom 
Check List 

Once l/l 25 
l/s 48 
s/s 27 

val/val 60  
met 40 

no three-
way 
interaction 

present 
study 
 

1096 13.6  53% Pregnancy 
Delivery 
adversities, 
Childhood Events, 
Long Term 
Difficulties (parent 
report) 

Youth Self 
Report 

Average over 
three measure-
ments (5 
years) 

l’/l’ 26 
l’/s’ 50 
s’/s’ 24 
 
l/l 34 
l/s 48 
s/s 18 

val/val 63  
met 37 

no three-
way 
interaction 
 
no three-
way 
interaction 

Note: *mean not reported, **excluded from study 
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Genetic variance enables us to respond  

to our changing environment. 
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Aim of the dissertation 

The aim of this dissertation was to examine genetic and environmental risk factors 

for the development of depressive symptoms in adolescent boys and girls. The 

research described in this dissertation was part of the TRacking Adolescents’ 

Individual Lives Survey (TRAILS), a large prospective study of adolescents from 

the general population. The effect of several factors on adolescents’ depressive 

symptoms were studied within the total TRAILS sample (n = 2127): the influence of 

stressful life events (SLEs), gender, parental depressive symptoms (PDS), the 

val/met polymorphism in the BNDF gene, the polymorphic site in the promoter 

region of the serotonin transporter gene, and early life stress. Other factors were 

studied in a focus sample (n = 715) selected from the TRAILS population: effects of 

PDS, gender, menstrual cycle phase, oral contraceptive use and SNPs in the 

mineralocorticoid and glucocorticoid receptor genes on physiological responses to 

a standardised psychosocial stress test (Groningen Social Stress Test – GSST).   

 

Methodological strengths 

The studies presented in this dissertation have several methodological strengths. 

First, data comes from a large population sample of adolescents. The prospective 

design of the TRAILS study enabled us to correct for pre-existing depressive 

symptoms and assess the influence of stressful experiences occurring between 

measurement waves. Second, we used information on adolescent depressive 

symptoms coming from multiple sources (parent- and self-report), which decreased 

the risk of inflated associations due to shared method variance. Third, we studied 

gene-environment interactions by associating biologically plausible genes with 

(endo)phenotypes of depression instead of gene hits from whole genome scans, 

which do not always underlie biologically (known) pathways. Fourth, the use of a 

standardised social stress test (GSST) allowed us to study physiological responses 

to stress in a large group of adolescents under a controlled environmental 

condition. Finally, contrary to most studies that examine gene-environment 

interactions in mixed samples, we studied interactions separately for boys and 

girls. We showed that it is important to consider gender-specific effects, because 

interactions between polymorphic genes and stressful environments were found to 

be different between the genders.  

 

In the first section of this chapter the main findings are interpreted and discussed 

while considering the possible methodological limitations of our studies. As is often 

the case in science, more questions were raised than answered. In the second part 

of this chapter theoretical suggestions are given that might be useful in finding the 

answer to these, and other, questions regarding the aetiology of depressive 

behaviour.   

 



Chapter 9 

 120 

DISCUSSION OF THE MAIN FINDINGS 

 

Adolescent girls are more sensitive to the depressogenic effect of stressful 

life events than adolescent boys   

Consistent with our expectations and the current literature (e.g. Hankin et al., 

1998), girls reported more depressive symptoms than boys in early adolescence 

(Chapter 3). This gender difference was not present at age 11. In both boys and 

girls we found a significant relationship between experienced stressful life events 

and depressive symptoms. It should be noted that the gender difference in 

depressive symptoms in early adolescence (age 13) was due to a decrease of 

depressive problems in boys, rather than an increase among girls, compared to 

preadolescent levels (age 11). The lack of increase in depressive problems among 

girls in our sample might suggest that boys became less sensitive to stressful 

events (SLEs) while girls’ sensitivity to events did not change. However, the latter 

is not likely, since Oldehinkel et al., (2008) showed in the same sample that the 

association between parental divorce and depressive problems increased with age 

in girls. Among girls, the relationship between SLEs and depressive symptoms was 

stronger than in boys. This suggests that girls become more sensitive to the 

depressogenic effects of SLEs than boys during the transition from childhood to 

adolescence, as suggested by previous studies (Silberg et al., 1999;   Cyranowski 

et al., 2000). This might be due to the influence of increasing levels of female sex 

hormones on emotional and physiological responses to psychosocial stress (e.g. 

Angold et al., 1998).  

 

A consideration with regard to the measurement of adolescent symptoms and 

stressful life events must be made here. Adolescents’ depressive symptoms were 

based on the Child Behavior Check List (CBCL) and Youth Self Report (YSR) 

Depressive Problems scale, which was not developed to asses depressive 

problems according to DSM-IV criteria. Instead, it was constructed on the basis of 

expert ratings of the original, empirically derived CBCL and YSR scale items. 

Consequently, the items do not represent one-to-one counterparts with all DSM-IV 

criteria. Moreover, the amount and severity of stressful life events might be 

exaggerated, since individuals with depressive problems have a tendency to over-

report the number as well as the severity of stressful life events (Brewin et al., 

1993). Additionally, a possible limitation concerns the severity score of the stressful 

life events, which was based on self-report rather than interview ratings. The latter 

take into account contextual information and can give a more objective measure of 

the severity of the event (Brown and Harris, 1978).   
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The physiological stress response: adolescents versus adults  

Similar gender difference 

Gender differences in the response to stress have been reported in adults 

(reviewed by Kudielka and Kirschbaum, 2005) but not in children (Buske-

Kirschbaum et al., 1997). We examined the psycho-physiological response to a 

standardised social stress test (GSST) in a large group of adolescents. We 

measured the response of the HPA axis by increases in cortisol collected from 

saliva (Chapters 3, 5 and 6), and the response of the autonomic nervous system 

(ANS) by increases in heart rate (Chapter 6). Our study found the same gender 

difference in adolescence as has been reported in adults: higher cortisol responses 

in boys and higher heart rate responses in girls. Different appraisal of the social 

stress tests in boys and girls is not likely, since no differences in subjectively 

experienced stress were present (Chapter 3).  

 

Possible differences in cortisol levels 

The cortisol levels found in our adolescent sample were lower than those found in 

adults. This might raise questions regarding the stressfulness of the GSST. There 

are differences between the protocols of the Trier Social Stress test, used in most 

studies of adults, and our Groningen Social Stress Test. The main difference 

concerns the amount of social evaluation: a panel of three judges (TSST) versus 

one experimenter and a video camera (GSST). But even if this difference led to a 

lower stress appraisal compared to the TSST, we see no reason to label this 

difference as a limitation of our research. Individual differences in stress responses 

to mild stressors may be just as important to investigate as the responses to more 

extreme stressors. Our GSST protocol induced significant cortisol responses, as 

well as meaningful between-group differences. Evaluative threat and 

uncontrollability, the combination that activates the HPA axis most strongly 

(Dickerson & Kemeny, 2002), are both present in the GSST. Another possible 

limitation associated with the lower cortisol responses is that the GSST was the 

participants’ final task during an experimental session, and we cannot be certain 

that previously completed tasks did not influence our findings. However, we do not 

expect systematic bias in the associations, because the GSST was by far the most 

stressful element of the laboratory session (Oldehinkel, unpublished data).   

 

The lower cortisol levels in adolescents could also be explained by age differences 

in sensitivity to psychosocial stress. Increased expression of glucocorticoid 

receptors in the adolescent brain, as shown by Perlman and colleagues (2007), 

can result in a faster feedback of the HPA, which could have resulted in lower 

levels of cortisol after the GSST. It seems very plausible that maturational changes 

in the brain, and the intense social interactions that need to be learned during 
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adolescence, make adolescents respond differently to psychosocial stress than 

children and adults.  

 

The stress-sensitivity of adolescent girls is influenced by parental depressive 

symptoms   

In Chapters 4 and 5, parental history of depressive symptoms was used as a 

marker of genetic load for depression in offspring. The parental depressive 

symptom (PDS) score was based on the absence or presence of self-reported 

lifetime symptoms. The three-way interaction between gender-by-PDS-by-SLE was 

not significant. This indicates that the moderating effect of PDS was not different 

between boys and girls. In both boys and girls, the depressogenic effect of SLEs 

increased due to presence of PDS. In Chapter 5, we examined cortisol responses 

to the GSST in adolescent boys and free-cycling girls. PDS was associated with 

cortisol responses in daughters but not in sons, which suggests a moderating effect 

of PDS on stress reactivity in daughters.  

 

Although PDS was considered as a marker of genetic load in our studies we 

cannot ignore the possible environmental consequences of parental depressive 

behaviour such as increased family stress, adverse parenting and low levels of 

social support (e.g. Cohen and Wills, 1985; Beardslee et al., 1996; Pilowsky et al., 

2006). Adolescent offspring of depressed parents had more depressive symptoms 

after SLEs than adolescents without depressed parents (Chapter 4). This can be 

explained by higher levels of family stress associated with the depressive problems 

of the parents. However, as we showed in Chapter 4, the moderating effect of PDS 

was not explained by family environmental factors. In Chapter 5, the effect of PDS 

on daughters’ cortisol responses was also not due to girls’ experienced life stress.    

 

A possible explanation for why experienced life stress did not mediate the effect of 

PDS on daughters’ responses is related to the generality of the lifetime stress 

measure that was used. This measure might be too heterogeneous to have a uni-

dimensional effect on the cortisol response. As shown by Lupien et al. (2009), 

childhood stressors can lead to both over- and under-secretion of cortisol later in 

life, depending on the nature of the stressors. Childhood experience of both severe 

(Elzinga et al., 2008) and mild stress (Gunnar et al., 2009) were found to be 

associated with blunted cortisol responses to social stress paradigms later in life. In 

adults, hypocortisolemia was associated with experience of stress in childhood, 

whereas hypercortisolemia was associated with more recent experience of stress 

(Miller et al., 2007). Hypocortisolemia can be caused by down-regulation of the 

HPA axis to protect the organism from high levels of cortisol in persistently stressful 

environments (Fries et al., 2005). In future studies we will examine the cortisol 

reactivity profiles of girls at familial risk for depression and take into account 
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experienced stress in different childhood periods. Because we showed in Chapter 

7 that the depressogenic effect of stress was influenced by genotype of the 5-

HTTLPR, we will take this, as well as the genotypes of the other candidate genes, 

into account.    

 

Research from our own group showed that in the same sample, parental 

psychopathology was genetically transmitted to offspring (Ormel et al., 2005). The 

increased sensitivity to SLEs might be, in part, a consequence of a genetic 

component (Chapter 3). Stress and depression-related vulnerability genes are 

likely to be equally transmitted to sons and daughters. Despite this, we only found 

an effect of PDS on daughters’ cortisol response, and not on sons’ (Chapter 5). 

This might relate to the study of Silberg et al., (1999) who showed that genetic 

factors become more pronounced in adolescence in girls than in boys. Gotlib and 

colleagues (2008) showed that 5-HTTLPR genotype influenced the cortisol 

response in adolescent girls at familial risk for depression. Girls with the ll and sl 

allele displayed no cortisol response to the stress tests, while girls with the ss 

genotype displayed the characteristic peak response. In Gotlib’s study the 

frequencies of the short and long allele were not different between girls at low and 

high familial risk. Prelimary analyses in our own sample showed also no 

differences in allele frequencies between adolescents at high and low familial risk 

for depression. Nor did we find such differences for the tri-allelic variance in the 5-

HTTLPR (la, lg, s) or for SNPs in the BDNF, MR and GR gene (Bouma, 

unpublished data). Depression is a mental disorder involving the interplay of allelic 

variants of multiple genes that can influence one another (epistasis). Future studies 

should try to take these effects into account but in order to this properly we need 

more advanced statistical modelling methods.   

 

Three methodological limitations must be considered while interpreting the results 

regarding parental depression (Chapters 4 and 5). First, the measure of parental 

depressive symptoms did not directly reflect DSM-IV criteria for depression. 

Second, results from Chapters 4 and 5 are not totally comparable, since PDS were 

assessed differently at T1 and T3. During the parent interview at T1, the mother 

most often reported about her own depressive symptoms and of those of the 

biological father. At T3, psychopathology of both biological parents was assessed 

by means of self-report questionnaires. Not surprisingly, the correlations between 

mothers’ depressive symptoms reported at T1 and T3 were higher (kappa = .57) 

than for fathers (kappa = .43). Third, parents’ retrospective ratings of the 

stressfulness of their child’s life might not be the most reliable measure, since we 

do not know if parents rate the same events equally as stressful as the children do. 

In addition, ratings of stressfulness could be confounded by the parents’ current 

depressed mood.   
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Given the gender differences in adolescent responses, questions might arise as to 

whether effects of maternal and paternal depression are different for adolescent 

boys and girls. We explored this possibility but found no gender differences in the 

association between maternal and paternal depressive symptoms and cortisol 

responses to the GSST (Bouma, unpublished data).  

 

Influence of sex hormones on the physiological stress response   

In this dissertation we showed that, just as in adults, HPA (Chapters 3, 5 and 6) 

and cardiovascular responses (Chapter 6) to a standardised social stress test 

(GSST) differed according to gender, suggesting a regulating role for sex 

hormones (estrogen, progesterone and testosterone) on the stress response 

system. Chapter 6 revealed that associations between genetic variants in the MR 

and GR genes and indices of the stress response system differed according to 

gender and OC use.  

 

Influence of female and male sex hormones: findings from animal studies 

Animal studies can provide insights into the underlying mechanisms between sex 

hormones and the stress response. Most studies have focused on the HPA axis 

and not on the cardiovascular system. Although studies on adolescent female rats 

are scarcer than studies on adolescent male rats, findings indicate that sex 

differences in HPA activity do emerge during adolescence and are associated with 

sex hormones. Female sex hormones can directly affect corticoid receptors in the 

hypothalamus and amygdala (e.g. Turner, 1997; Chrousos et al., 1998; Levine, 

2002) and indirectly regulate neurotransmitter systems involved in the control of 

HPA function (e.g. Bigeon and McEwen, 1982). For example, high estrogen levels 

increased the expression of the serotonin transporter (McQueen et al., 1997). 

Progesterone can diminish HPA axis feedback by binding to corticoid receptors 

(Svec, 1991) and increasing the rate of cortisol dissociation from these receptors 

(Rousseau et al., 1972). Estrogen have also complex regulatory effects on cortisol 

receptors, resulting in up and down regulation of stress responsiveness, depending 

on type of receptor and region of the brain (e.g. Pfeiffer et al., 1991; Burgess and 

Handa, 1992; Handa et al., 1994). Moreover, estrogen stimulates the production of 

Cortisol Binding Globuline (GBC) (Moore et al., 1978), while testosterone seems to 

diminish the stress response (Viau, 2002). How these mechanisms are translatable 

to humans is not entirely clear. 

 

Influence of fluctuating hormone levels during the menstrual cycle  

Although we found no significant effect of follicular or luteal phase during the 

menstrual cycle on the cortisol response (Chapter 4), the direction was similar to 

that found in adult women. That is, higher cortisol responses are measured in the 

luteal phase than in the follicular phase (Altemus et al., 1997; Kirschbaum et al., 
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1999; Wolf et al., 2001; Rohleder et al., 2003). The lower levels of cortisol in the 

follicular phase may be due to increased production of CBG in the follicular phase 

(Moore et al., 1978), when estrogen levels are high (Fox, 1999). A possible reason 

for the lack of significant effect of cycle phase on cortisol responses to stress is that 

the adolescent menstrual cycle is not as stable as the cycle of adult women. Lower 

levels, or a different ratio, of sex hormones in adolescent girls compared to adult 

women could influence the HPA axis response to stress differently. The lack of 

effect of menstrual cycle phase could also be due to the way we determined cycle 

phase. This was done by self-report of the last menstruation and length of cycle 

(excluding girls with no regular cycle), and not via more objective measures, such 

as serum levels of estrogen and progesterone.   

 

Influence of oral contraceptive use 

In Chapter 4 we examined the influence of oral contraceptive (OC) use on the 

cortisol response to the GSST. Compared to free-cycling (FC) girls, OC-users 

displayed a blunted cortisol awakening response (CAR), comparable to the 

attenuated CAR found in adults (Pruessner et al., 1997). In addition to a blunted 

CAR, we found high pre-test cortisol values in the OC-users during the morning 

session of the experiment, which suggests a slower increase and decrease of 

cortisol levels after waking. Although blunted cortisol responses have been found 

in adult women (Wolf et al., 2001; Rohleder et al., 2003), it is remarkable that girls 

using OC in our adolescent sample showed hardly any response to the GSST. The 

lack of response in the OC users during the morning sessions could be explained 

by the high pre-test levels of cortisol, which prevented a further increase. However, 

these high pre-test levels in the morning cannot explain the absence of a cortisol 

response in the afternoon sessions, when pre-test levels were comparable to those 

of boys and free-cycling girls. Furthermore, it is unlikely that the GSST was not 

stressful for the group of OC-users, since we observed no differences in subjective 

reports of stress between free-cycling girls and OC-users (Bouma et al., 2009). The 

slightly different finding regarding OC use in adult women (blunted response) and 

adolescent girls (absent response) might relate to the duration of OC use and the 

time to adjust to the effects of OC intake. Synthetic hormones can have direct as 

well as indirect effects by influencing girls’ natural levels of sex hormones (Wiegraz 

et al., 2003). To further explore the influence of OC use on the stress response, 

future studies should include measures of corticoid-releasing hormone (CRH), 

adrenocorticotrophic hormone (ACTH), and cortisol-binding globuline (CBG). 

These measures can indicate whether CRH and ACTH production in the brain are 

altered or if free-cortisol, detectable in saliva, is reduced because of increased 

levels of CBG. In addition to this, longitudinal research is needed to elucidate the 

effects of oral contraceptive use on HPA axis functioning, especially because long-

term effects of OC use are unknown (Ott et al., 2008). 
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Inconclusive evidence for the influence of polymorphic candidate genes 

underlying the stress reactivity endophenotype for depression 

In Chapter 6, we examined whether polymorphisms in the mineralocorticoid and 

glucocorticoid receptor gene were associated with HPA axis and cardiac autonomic 

responses to the GSST in adolescent boys, girls using oral contraceptives (OC), 

and free-cycling (FC) girls. Previous studies in adults examined only associations 

in OC using women and men. We found significant associations between two 

SNPs (GR 9 beta and MR -2G/C) and stress reactivity indicators. We showed that 

the nature of these associations depended on gender and use of oral 

contraceptives. Our sample size was large (> 500) for this kind of research, and we 

had sufficient power to detect differences, which decreases the chance of false-

negative results (Ioannidis, 2005).  

 

Our results support the suggestion by DeRijk et al. (2008) that cardiac autonomic 

responses do not seem to be affected by GR variants but by MR variants, at least 

for the -2G/C SNP in OC-users. We could not replicate previous findings with 

regard to GR BclI and cortisol responses (Wüst et al., 2004; Kumsta et al., 2006) 

and MR I180V and heart rate responses in men (DeRijk et al., 2006). Besides 

differences in age, different experiences of early life stress could explain the 

inconsistencies between our study and previous ones. Early life stress might have 

different programming effects on stress reactivity later in life depending on genetic 

variance of the MR and GR receptors. In future studies we will take experience of 

early life stress into account and re-examine the association between corticoid 

receptor SNPs and cortisol and heart rate. 

 

We did not assess serum cortisol measures and ACTH levels because continuous 

intravenous blood sampling was considered too stressful for the adolescents, and 

was not logistically feasible in our study group. Although this was a well thought out 

decision, it is a limitation that our results cannot be fully comparable with other 

studies that did assed serum cortisol and ACTH. Further study is needed to 

determine how sex hormones interfere with different corticoid receptors and how 

this influences the HPA axis and cardiac autonomic nervous system.  

 

Stress in early childhood influences the depressogenic effect of stressful life 

events in adolescent girls   

The hypothesis postulated by Brown and Harris (2008) that early life stress might 

modulate gene-environment interactions later in life is confirmed by our results, 

presented in Chapter 7. This study showed that in girls who experienced mild 

stress early in life, the s/lg allele of the 5-HTTLPR was associated with fewer 

depressive symptoms after experience of SLE in adolescence than the la allele. In 

Chapter 8 we examined the epistatic effect of the s and lg allele of the 5-HTTLPR 
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gene and the met allele of the BDNF in interaction with several childhood stress 

indicators  (age 0 - 11) on a sum score of depressive symptoms between age 11 

and 16. We found no main effects and no interaction effects. At first glance, the 

results of Chapter 7 and 8 might seem contradictory, but they can be explained by 

differences in statistical modelling and duration, timing and type of childhood 

stress. First, in Chapter 8 we did not account for gender-specific interactions 

because, although our sample size was large (> 1200), we did not have sufficient 

power to detect a gender-by-gene-by-gene-by-environment interaction. Second, 

the stress measure in Chapter 7 concerned stress between age 0 and 5, while 

Chapter 8 concerned stress between age 0 and 11.  

 

Programming effects of early life stress 

Programming effects on stress response systems by early experiences have a 

critical period in early life because of plasticity of the brain (Andersen and Teicher, 

2008; Lupien et al., 2009). In rodents, 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 these results 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 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 al., 1988).  

 

Epigenetic effects of early life stress 

There is some evidence that experiences in early life can permanently alter the 

function of the stress system in rodents. The offspring of mothers who were 

deprived of maternal care had increased methylation of genes involved in the 

stress response (Francis et al., 1999; Weaver et al., 2004), which suggests 

transmission of epigenetic effects of stress. Persistent changes in HPA axis 

functioning due to stress experience was also suggested in humans (Heim and 

Nemeroff, 1999). Some evidence for this comes from a recent study in which 

epigenetic regulation of the GR receptor was found in the brain of adult men who 

were exposed to childhood adversity (McGowan et al., 2009). The studies 

described in Chapters 7 and 8 suggest that stress experience in early childhood is 

especially important in shaping the outcome of genetic variance in response to 

stress in adolescent girls.   

 

Inoculation effects of mild stress 

Mild stressful experiences early in life can provide resistance to later psychosocial 

adversity (Rutter, 1987; O’Leary, 1998) by regulating the physiological response to 
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stress. Thus mild stress, such as small stressors and minor hassles, might have 

stress inoculation effects. In contrast, extreme aversive events such as childhood 

abuse and severe neglect are associated with development of psychopathology. 

Extreme stress might push individuals, regardless of underlying genetic variance, 

into a negative trajectory of maladaptive physiological and emotional responses to 

stress, as well as increased risk for mental disorders. The exact mechanism behind 

inoculation stress needs further attention. Studying interactions between genetic 

variants and mild but common life stressors has more relevance for public mental 

health, since these mild stressors generate a larger attributable risk for the general 

population than do severe, but rare, experiences.   

 

Supportive environment 

Girls with the SS genotype appear to be protected from depressive symptoms after 

stress in adolescence if they had experienced some stress in early childhood 

(Chapter 7). This could be explained by the inoculation hypothesis, but it might also 

be explained by the supportiveness of their early environment. A study in 

adolescent girls suggested a beneficial effect of the homozygous low fucntioning 

allele (ss / slg / lglg) genotype in low-stress environments compared to girls with 

the high functioning (LaLa) genotype (Eley et al., 2004). Kaufman and colleagues 

(2004) showed that social support decreased the amount of depressive problems 

in maltreated children, even in those with the ss 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 

experienced a supportive early environment or recent positive experiences. These 

studies suggest that although our response to environmental challenges is to a 

large extent influence by our genetic make-up, improving the quality of our 

environment can improve our mental health. Unfortunately, we have no indication 

of the social support experience in the early environment of our TRAILS 

participants. We have some information about social support in adolescence of 

which the effect will be examined in future studies.  

 

Phenotypic plasticity 

The S allele is associated with increased reactivity to psychosocial stress (e.g. 

Heinz et al., 2007; Gotlib et al., 2008; Munafò et al., 2008) but is not consistently 

associated with the depressogenic effect of stress (Risch et al., 2009). Inspired by 

Ellis and Boyce (2005), Belsky et al. (2009) suggest that the variance in genes 

associated with depression should not be seen as predisposing for vulnerability 

factors, but rather for plasticity. Individuals with certain alleles are responsive to 

positive as well as negative environments (Ellis and Boyce, 2005; Belsky et al., 

2009). With regard to the 5-HTTLPR, the low functioning allele (s or lg) might be 



General Discussion  

 129 

more responsive to any environment, either severe or mildly stressful, than the la 

allele. In a situation of severe stress (and/or low social support) 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, in a mild stressful 

situation this could result in adaptive responses to social stress in adolescence 

because of inoculation effects (Chapter 7). Since timing and severity of 

experienced life stress and levels of social support are not always accounted for in 

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

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

 

To conclude, brain regions such as the hippocampus, amygdala and prefrontal 

cortex are especially sensitive to environmental influences in early childhood and 

adolescence. The programming effect of early life stress in interaction with genetic 

factors may depend on severity, timing and nature of the experienced stressors. 

This is not often accounted for in genetic association studies, which could explain 

the inconsistent results. In addition, experience of positive life events and social 

support may counterbalance the negative effects of psychosocial stress and risk for 

depression, which could have also obscured the associations.  

 

Main conclusion: adolescent girls are more sensitive to the depressogenic 

effect of social stress than adolescent boys 
The studies in this dissertation examined several risk factors for depressive 

symptoms in adolescence. We found significant main and interaction effects in girls 

but not in boys. From this we can conclude that females are the sensitive sex; they 

are more sensitive to psychosocial stress and depressed mood than males. The 

gender-specific results of the studies presented in this dissertation suggest 

interactions between female sex hormones and genetically based differences in 

glucocorticoid receptors and the serotonin transporter. Although studies in animals 

have indicated several mechanisms in which female sex hormones can influence 

the response to stress, exact mechanisms on how sex hormones influence brain 

and behaviour in humans is still poorly understood (Paus et al., 2008). Further 

research is necessary to determine whether estrogen and progesterone levels can 

affect the serotonin transporter and corticoid receptors differently according to 

genotype. This could provide a mechanism for understanding how genetic risk 

factors for the depressogenic effect of stress become more evident in adolescent 

girls, as suggested by Silberg et al., (1999).  

 

However, the gender-specificity of higher sensitivity to stress and depression 

cannot be fully explained by female sex hormones. Animal studies have shown that 

in males and females, the difference between the responses of the HPA axis in 

adolescent and adult rats was not only explained by circulating sex hormone levels 
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(Romeo et al., 2006; Viau et al., 2005; McCormick and Mathews, 2007) but also by 

changes in maturation of the brain during the adolescent period. Gender 

differences in brain maturation are also present in human adolescence (Andersen 

and Teicher, 2008). In addition to biological changes, both boys and girls face 

dramatic psychosocial changes during adolescence (e.g. parental, peer, and 

romantic/sexual relationships). Boys cope with psychosocial stress differently than 

girls; they show their pain or frustration in a more external way (e.g. Hoffman and 

Su, 1997; Eschenbeck et al., 2007). In boys, we found no associations between 

polymorphic candidate genes and (endo)phenotypes of depression. This might be 

due to the lower prevalence of depressive symptoms in adolescent boys, which 

have not yielded enough power to detect associations between genetic variance 

and (endo)phenotypes of depression.  

 

More research is needed to understand the interplay between genes and 

environment in the development of depressive symptoms in adolescent girls. This 

dissertation showed that associations between polymorphic gene variants and 

(endo)phenotypes for depression were dependent on gender, OC use and early life 

stress, but the underlying mechanisms are still largely unknown. In the next 

section, directions for further research are given.  

 

 

DIRECTIONS FOR FURTHER RESEARCH 

 

As in most research, our study raised more questions than it answered. In 

formulating new hypotheses and interpreting past, present, and future results, a 

theoretical framework can be useful. According to Mayr (1961), one of the 20th 

century's leading evolutionary biologists, behaviour can be investigated at a 

proximate and at an ultimate level. Proximate explanations relate to how 

environmental stimuli and mechanisms inside an individual result in behaviour or 

disease. Ultimate explanations describe why proximate processes are expressed 

as they are; they explain the function or adaptation of the process. Niko Tinbergen 

(1963), influenced by Mayr, said that behaviour could only be fully understood 

when researchers consider phylogeny (evolutionary history of a species), ontogeny 

(individual development within a species), underlying biological mechanisms, and 

adaptive value of the behaviour. These four levels might be very useful in 

psychiatric epidemiological research, since phylogeny and adaptive value are not 

often considered in understanding mental disorders. Considering notions such as 

reproductive disadvantage, evolutionary age, or adaptive value of certain gene 

variants can inform us about the why of behaviour and sickness. In the next 

section, considerations on the ultimate level are presented for depressive 
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behaviour. Finally, I aim to give suggestions for future research on proximate levels 

inspired by these ultimate considerations.  

 

Considerations on depressive behaviour on the ultimate level 

Depressive behaviour and adaptive value 

Evolutionary psychiatrists are still puzzled over whether human depression is a by-

product of maladaptive responses to stress or an adaptive behaviour in itself 

(Nettle, 2004). Since the 1970s, several theories arose to explain the stable 

presence of depressive behaviour in humans, but none of them seems to provide a 

conclusive answer. The high preponderance of depressive behaviour in women 

compared to men evokes the questions: ‘Why are women more likely to display 

depressive behaviour than men?’ and ‘Is there a higher adaptive value for women 

in being more sensitive to psychosocial stress than there is for men?’ Before trying 

to answer these questions we should acknowledge that gender differences in 

behaviour result from a deeply embedded and highly coordinated biology, evolved 

to serve the gender-specific functions that are necessary for reproduction and 

survival (e.g. Buss and Smitt, 1993). From an evolutionary perspective, depressive 

behaviour can be seen as taking shelter and staying out of danger (Nesse, 2000). 

Such behaviour might have had a higher impact on survival in women than in men, 

since during our evolutionary past women were mostly involved in childbearing and 

child caring, whereas men were the providers of food, material resources, and 

protection. Depressive behaviour might have been selected for in women over time 

and selected against in men. The question of whether increased sensitivity to 

psychosocial stress is more adaptive in women than in men is difficult to answer. 

The increasing need for affiliation in adolescent girls (Cyranowski et al., 2000) is 

most likely related to sexual maturation and their role as child caregivers. For this 

reason, women might place higher value on communion and intimacy in 

relationships. This is consistent with findings in our adolescent TRAILS sample; 

girls were more sensitive to the loss of relationships with peers and romantic 

partners than adolescent boys (Bakker et al., in press).  

 

Evolutionary age of variance in depression-related genes 

A recent review concluded that mental disorders with high heritability and severe 

reproductive disadvantages, such as schizophrenia and autism, are likely the result 

of more recent and rare genetic variants. Conversely, common mental illnesses 

with mild reproductive disadvantage and moderate heritability might be due to 

interactions between common genetic variants of older evolutionary origin and 

environmental exposure to stress (Uher, 2009). This seems very likely for 

depression. Adaptive responses to stress, such as learning to avoid detrimental 

situations in the future, increase the likelihood of survival.  Moreover, these stress 

response systems are present throughout the mammalian kingdom and depressive 
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behaviour after stress, (i.e., decreased play activity, decreased appetite and 

weight, decreased motor activity, sleep disturbance), is observed in many animals, 

such as rodents, monkeys and pigs (reviewed in McKinney & Bunney, 1969). This 

suggests an old evolutionary age of genetic variants implicated in the response to 

stress and in depressive behaviour.  

 

Adaptive value of variance in depression related genes 

So far, the gene hunt for depression has not yield clear results for one or more 

genes (Lopéz-León et al., 2008; Bosker et al., 2010). This makes sense, since 

genes associated with depression are not specific ‘depression’ genes but are likely 

related to psychosocial stress responses in general. Additionally, polymorphic 

candidate gene studies are not conclusive in their findings that one allele is always 

associated with a ‘bad’ outcome. (this dissertation; Doornbos et al., 2009; Grabe et 

al., 2009 versus Caspi et al., 2003). And why would it be? From an evolutionary 

perspective, the developmental plasticity of the stress response system suggests 

adaptive value (Boyce and Ellis, 2005). Genetic variance is present in the human 

gene pool because it enables us to react to our (psychosocial) environment. 

Genetic variance in the genes underlying these systems results in adaptive or 

maladaptive outcomes in the face of stress, and might to a large extent be 

dependent on programming effects by the early environment. The challenge for 

science is to unravel how environmental stimuli interact with common genetic 

variants to result in adaptive stress responses (coping with stress) or depressive 

behaviour. The next section states some of the questions that need to be 

addressed to reach this goal.  

 

Focus points for future research on proximate levels 

What is the functionality of allelic variants in genes underlying the response to 

psychosocial stress and depressive behaviour? 

Multiple polymorphic genes have been associated with physiological responses to 

stressors and vulnerability for mental disorders. However, no straightforward 

associations were found; the same allelic variant can associate with both 

vulnerability and resilience for depression after psychosocial stress. In order to 

understand these interactions, we first need to understand the functionality of these 

allelic variants. This is difficult to study in animals because similar (orthologous) 

genetic variants between animals and humans are often absent or not yet 

identified. Functionality is currently examined by the expression of genetic variants 

in cell cultures. A disadvantage to this method is the labour intensity and the fact 

that cell lines do not reflect the exact cell environment within the human body. New 

techniques might be needed to study the functional consequences of common 

genetic variants more effectively. So far, genetic variants can only be associated 
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with (endo)phenotypes of depression. No causal inferences can be made until the 

functional consequence of these gene-products is clearly understood.   

 

Are programming effects of early stress different according to genetic variance?  

Programming effects caused by early environment can prepare the individual to 

cope with similar environments later in life. It is tempting to speculate that some 

genetic variants respond more strongly to early environmental conditions than 

others. This could be due to direct effects of the gene products resulting from these 

variants, but might also be mediated by epigenetic processes. At the moment, 

attempts are being made to understand the mechanisms and outcome of 

epigenetic processes. Future research should explore the hypothesis that 

programming effects might differ according to polymorphisms in our DNA.  

 

What is the role of female sex hormones in sensitivity to stress and depression?       

Research in animals and in humans (including this dissertation) suggests that 

interactions between sex hormones and polymorphic gene products in pathways 

leading to depression can be different for boys and girls. Future research should 

focus on understanding the underlying mechanisms behind the different effects of 

psychosocial stress on males and females. Considering how gender-specific 

functions evolved to increase survival and reproduction might guide our research 

questions and help to interpret the findings.  

 

Conclusion 

Where ultimate explanations of behaviour might bring us new hypotheses, 

proximate explanations are needed for the prevention and treatment of depression. 

The link between the appraisal of psychosocial stress and depressive behaviour 

starts in the brain, where altered neurotransmission in the hippocampus, prefrontal 

cortex, hypothalamus and amygdala is associated with maladaptive responses to 

stress. Therefore, neurological imaging techniques might be useful to see how 

environmental factors influence the brain in individuals with a certain genetic make-

up. Since depression is a consequence of common genetic variants and 

psychosocial stress, we need to understand the functionality of allelic variants in 

genes underlying endophenotypes for depression. In order to study the multiple 

interactions of multiple genetic variants and a large variety of environmental stimuli, 

we might need new statistical methods. We also need large samples to assure 

sufficient power, samples to replicate our findings and longitudinal settings to 

examine changes over the human life span. Cooperation between research groups 

should be encouraged in order to accomplish this. The research described in this 

thesis highlights the possible programming effect of mild stress in early life, which 

can explain the hyper- and hypo-responses of the stress system to psychosocial 

stress later in life. Additionally, special attention must be paid to the nature of the 
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stressor, because this can influence the direction of the stress response. Since 

female gender is a strong predictor of stress-related mental disorders, we 

emphasize the importance of accounting for gender in future studies on underlying 

mechanisms. The consideration of our evolutionary past and the underlying biology 

in behavioural differences between men and women can help with the 

interpretation of both previous and future findings. Focusing on the functionality of 

allelic variants, programming effects of early life stress, and gender-related risk 

factors will improve our understanding of the aetiology of depression and will 

enhance our ability to prevent this common but highly impairing mental disorder.   
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Major Depressive Disorder (MDD) is an important global public health issue, 

because it is associated with relatively high lifetime prevalence and substantial 

disability. But even without meeting the criteria for MDD, depressive symptoms can 

cause serious impairments. Presence of these symptoms in adolescence is a risk 

factor for depressive episodes later in life. The aim of this dissertation was to 

examine genetic and environmental risk factors in the development of depressive 

symptoms in adolescent boys and girls. Understanding the mechanisms through 

which risk factors are related to depression will help to treat and prevent this 

disease more effectively in the future. The research described in this thesis is part 

of the TRacking Adolescents’ Individual Lives Survey (TRAILS), a large 

prospective study in the general population on determinants of mental health and 

social development during adolescence and young adulthood.   

 

In Chapter 1, different risk factors involved in the development of depression were 

discussed. Epidemiological studies show that both genetic and environmental 

factors are involved in the risk to develop depression. Experience of stressful life 

events (SLEs) or chronic psychosocial stressors are the most important 

environmental risk factors. However, not everybody develops depressive 

symptoms in the face of psychosocial stress. The observed variance in the 

response to stress between individuals is, in part, influenced by our genetic make-

up. Genes that are likely to play are role in the development of depression are 

those underlying the physiological stress response system and serotonergic 

neurotransmission in the brain. In this dissertation, functional allelic variants in the 

following four genes were studied: the serotonin transporter gene (SLC6A4), the 

glucocorticoid receptor gene (NR3C1), the mineralocorticoid receptor gene 

(NR3C2), and the brain-derived neurotrophic factor (BDNF) gene. We took account 

of gender differences because depression is twice as common in women than in 

men. This gender difference emerges during adolescence.  

 

Chapter 2 described the TRAILS sample (n = 2127) and the Focus sample (n = 

715) that participated in the experimental session, which included, among other 

tasks, a standardised social stress test (Groningen Social Stress Test - GSST). 

This test consists of public speaking and difficult mental arithmetic and was 

inspired by the Trier Social Stress Test (TSST) often used in studies of adult 

populations. The GSST encompasses the three most important triggers of the HPA 

axis: uncontrollability, threat of failure, and fear of negative social evaluation.  

 

The effect of several factors on adolescents’ depressive symptoms were studied 

within the total TRAILS sample (n = 2127): the influence of stressful life events 

(SLEs), gender, parental depressive symptoms (PDS), the val/met polymorphism 

in the BDNF gene, the polymorphic site in the promoter region of the serotonin 
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transporter gene, and early life stress. Other factors were studied in the Focus 

sample (n = 715) selected from the TRAILS population: effects of PDS, gender, 

menstrual cycle phase, oral contraceptive use and SNPs in the mineralo- and 

glucocorticoid receptor gene on physiological responses to the GSST.   

 

In Chapter 3 we examined the effect of gender, menstrual cycle phase and oral 

contraceptive use (OC) on the cortisol response towards awakening and the 

GSST. This study was the first to examine these associations in a large sample of 

adolescents from the general population. We did not find differences in the cortisol 

awakening response (CAR) between boys and girls. Furthermore, no effect of 

menstrual cycle phase on the CAR and the GSST was found. Boys and girls did 

show different cortisol responses to the GSST; boys displayed a stronger cortisol 

response than girls, which is comparable to the gender difference reported in 

adults. Compared to free-cycling (FC) girls, OC-users displayed a blunted CAR. In 

addition to this, pre-test cortisol values in the OC-users were high during the 

morning sessions. This suggests a delayed activation and feedback of the HPA 

axis after awakening. Although blunted cortisol responses have been reported in 

adult women, it is remarkable that adolescent girls using OC showed hardly any 

response to the GSST. It is unlikely that the GSST was not stressful for OC-users, 

because the subjective experience of the stress test was not different between the 

two groups of girls. Longitudinal research might elucidate the effects of synthetic 

hormones on the HPA axis.   

 

The study described in Chapter 4 examined the moderating effect of gender and 

parental depressive problems on the depressogenic effect of stress. With regard 

to gender, we showed that the relationship between SLEs and depressive 

symptoms was stronger in girls than in boys. Secondly, our results indicated that 

adolescents with parents who had ever experienced depressive symptoms were 

more sensitive to the depressogenic effect of stressful events (SLEs) than 

adolescents without depressed parents. This adds to the evidence that familial risk 

of depression is likely to be expressed in the response to psychosocial stress. The 

effect of PDS was not mediated by adolescent temperament (fearful or frustrated), 

family functioning and perceived parenting. An explanation for the absence of 

mediation might be that our PDS measure has yielded a too heterogeneous group 

regarding severity and timing of symptoms of the parents. It is also possible that 

PDS influenced the impact of stressful life events through other family factors that 

were not included in the study. The effect of PDS was not different for boys and 

girls.  

The study described in Chapter 5 was inspired by the results presented in Chapter 

4. We wanted to explore whether adolescents at familial risk for depression would 
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show different reactivity profiles to the GSST from those not at risk. We showed 

that PDS was indeed associated with the cortisol response to the GSST, but only in 

daughters and not in sons. Girls whose parents had ever experienced depressive 

symptoms displayed blunted cortisol responses. Such responses can be result of 

down-regulation of the HPA axis, which can be seen as an adaptive response to 

the damaging effects of expected stressors in the future. However, the effect of 

PDS on daughters’ cortisol responses was not mediated by overexposure to 

stressful situations in these girls’ lives. This suggests that the converted risk of 

parents to daughters is largely the result of transmitted vulnerability genes. 

Although genetic factors are involved in the aetiology of depression, not much 

evidence is present for a direct gender-specific effect. It is tempting to speculate 

that genetic factors indirectly make women more sensitive to the depressogenic 

effect of psychosocial stress. This hypothesis is supported by findings from animal 

studies, in which different effects of male and female gonadal hormones on the 

stress response system were reported.   

In Chapter 6, we attempted to explore the aforementioned hypothesis further and 

tested the association between SNPs in the glucocorticoid (BclI, 9beta) and 

mineralocorticoid (I180V and -2G/C) receptor genes and physiological responses 

to the GSST and examined these associations separately for boys, FC-girls and 

OC-users. We found no associations between any of the four SNPs and heart rate 

and cortisol in boys. In FC-girls, GR 9beta and MR -2G/C genotype were 

associated with overall cortisol levels but not with response patterns. In OC-users, 

MR -2G/C genotype was associated with cortisol levels and heart rate responses. 

Studies in adult men and OC-using women have reported positive associations 

between the BclI, 9beta, I180V and cortisol and heart rate responses. MR -2G/C 

was never examined in the context of psychosocial stress. The different nature of 

the associations of this SNP in the MR gene and cortisol in FC-girls and OC-users 

might be the result of different interactions of female gonadal hormones and 

genetically based functional differences in the mineralocorticoid receptor. Future 

studies should explore whether sex hormones can influence the stress response 

system in humans and, if so, study the underlying mechanism.    

 

In Chapter 7 we described a study in which we examined whether the 

polymorphic gene coding for the serotonin transporter (5-HTTLPR) would 

modulate the depressogenic effect of stressful life events in adolescents who 

experienced high levels of stress during early childhood (age 0 to 5). We 

hypothesised that the S allele, resulting in less expression of the transporter 

protein, would be associated with increased sensitivity to the depressogenic effect 

of adolescent stress compared to the L allele. Our results indicated that in the 

high, but not in the low, childhood stress group, boys and girls differed regarding 
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the association between genotype and SLEs. When analyses in the ‘high’ group 

were stratified by gender, an interaction between genotype and adolescent stress 

was found in girls and not in boys. As opposed to our expectation, the S allele was 

associated with decreased sensitivity to the depressogenic effect of SLEs. A 

recent meta-analysis indicated no clear direction of 5-HTTLPR genotype on the 

depressogenic effect of life stress. Our results show that it is important to account 

for timing, type and severity of the stressor when examining gene-environment 

interactions. Moreover, our results support the current idea that gene-environment 

interactions (GxE) underlying the aetiology of depression are gender-specific.  

 

In Chapter 8 we aimed to replicate the previously reported gene-gene-

environment (GxGxE) interaction between the 5-HTTLPR, the val/met 

polymorphism in the brain-derived neurotrophic factor (BDNF) gene, and several 

childhood (age 0 to 11) adversity indicators on depression. We could not replicate 

this GxGxE interaction, possibly due to differences between previous study 

designs and ours. Alternatively, the positive associations previously found might 

be chance findings, because positive findings are more likely to be published than 

so-called 'null findings'. To conclude, a definite answer to the question of whether 

5-HTTLPR, BDNF and childhood adversities interactively predict depressive 

symptoms can only be answered by replication studies in large samples with valid 

and reliable adversity indicators.  

 

In Chapter 9 we discussed our findings, formulated conclusions and gave 

suggestions for further research. The studies presented in this dissertation have 

several methodological strengths. The large prospective TRAILS study enabled 

us to adjust for pre-existing problems, use information from multiple informants 

and contexts and examine the relation between stress experience and depressive 

problems over time. The use of our standardised social stress test (GSST) 

allowed us to study the response of the HPA axis and the autonomic nervous 

system in a large group of adolescents under a controlled condition. We studied 

gene-environment interactions by associating biologically plausible genes with 

(endo)phenotypes of depression, instead of using gene hits from whole genome 

scans that do not always underlie biologically (known) pathways. Finally, while 

most studies examine gene-environment interactions in mixed samples, we 

studied these interactions while taking account of gender.   

 

The title of this dissertation refers to the main conclusion of the presented 

studies: adolescent girls are more sensitive to the depressogenic effect of 

psychosocial stress than adolescent boys. We showed that boys and girls 

displayed different stress response patterns to a social stress test in the lab and 



Summary 

 158 

that associations between polymorphic gene variants and (endo)phenotypes for 

depression were dependent on gender, OC use and early life stress.  

 

In the last part of Chapter 9 we suggest that further research should focus on 

ultimate as well as on proximate questions. Asking ourselves why behaviour has 

evolved the way it has can bring us further in understanding the how of behaviour. 

Gender differences in behaviour are deeply embedded in our biology and are a 

result of a long evolutionary process to serve the gender-specific functions 

necessary for reproduction and survival. Depressive behaviour seems to be a 

result of common allelic variants in multiple genes that interact with our 

psychosocial environment. The presence of genetic variance in our human gene 

pool enables us to react to our (psychosocial) environment. The challenge for 

science is to unravel the underlying mechanisms for explaining how environmental 

stimuli interact with genetic variants in the development of depressive behaviour 

after stress. On the proximate level, we suggest that future research should focus 

on the following three areas: 1) the functionality of allelic variants in genes 

associated with the physiological stress response and depressive behaviour, 2) 

programming effects of early life stress, and 3) the role of female sex hormones in 

gender-specific gene-environment interactions.  
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ACHTERGROND VAN HET ONDERZOEK 

 

Sociale stress en depressie in de adolescentie 

Tijdens de adolescentie (puberteit) neemt het aantal depressieve klachten toe, en 

vooral in meisjes. Voorbeelden zijn problemen met slapen en eten (teveel of te 

weinig), een somber gevoel of gedachten aan zelfmoord. Aanwezigheid van deze 

klachten in de adolescentie vergroot de kans op een depressieve periode later in 

het leven. Een van de belangrijkste risico factoren voor een depressie is het 

meemaken van sociale stress. Hiermee bedoelen we een gebeurtenis of 

langdurige situatie die het geestelijk en/of fysieke welbevinden van een persoon 

bedreigt. Maar niet iedereen wordt depressief van stress. Dit hangt af van 

verschillende factoren zoals de ernst van de stressor, de duur van de stress 

situatie, iemands geslacht en persoonlijkheid, beschikbaarheid van sociale steun 

en genetische factoren.  

 

Verschillen in de lichamelijke reactie op stress 

Als iemand een situatie als stressvol ervaart wordt het stress systeem in het 

lichaam geactiveerd. De hartslag en ademhaling gaan sneller en het stress 

hormoon cortisol wordt gemaakt zodat de zogenaamde ‘vlucht-of-vecht reactie’ 

ingezet en ondersteund kan worden. Wanneer de stressvolle situatie voorbij is 

neemt de activiteit van het stress systeem af. Dit gebeurt door een 

terugkoppelingsmechanisme waarbij cortisol en onder andere twee typen 

cortisolreceptoren betrokken zijn. Teveel stress of een stressvolle situatie die te 

lang duurt kan het stress systeem ontregelen. Wanneer iemand herhaaldelijk met 

stress geconfronteerd wordt kan dit leiden tot een verhoogde of juist een verlaagde 

activiteit van het stress systeem. Dit kan consequenties hebben voor de geestelijke 

en lichamelijke gezondheid.  

 

Verschillen tussen jongens en meisjes  

Onderzoeken onder volwassen laten zien dat mannen en vrouwen verschillend 

reageren op stresstaken terwijl dit geslachtsverschil niet zichtbaar is bij kinderen. 

Depressieve klachten komen twee maal zo vaak voor bij vrouwen als bij mannen 

en dit geslachtsverschil wordt voor het eerst zichtbaar in de adolescentie. Mogelijk 

spelen vrouwelijke geslachtshormonen een rol bij de toenemende gevoeligheid in 

meisjes. Bij volwassen vrouwen bleek de reactie op stress beïnvloed te worden 

door fase in de menstruele cyclus en het gebruik van de anticonceptie pil.  

 

Genetische verschillen 

Eerder onderzoek heeft uitgewezen dat meer dan 50 genen een rol spelen bij 

iemands gevoeligheid voor stress en de ontwikkeling van depressieve klachten. 

Genen kunnen een beetje verschillen tussen personen (voor meer informatie over 
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genen zie Box 1). In dit proefschrift hebben we onderzocht hoe kleine verschillen in 

het DNA van vier genen de gevoeligheid voor stress en depressie kunnen 

beïnvloeden. We hebben gekeken naar de twee cortisolreceptor genen, een gen 

dat betrokken is bij stemming en emoties en een gen dat de groei van hersencellen 

stimuleert.   

 

Depressie binnen families 

Een verhoogde gevoeligheid voor stress en depressie komt vaak voor binnen 

eenzelfde familie. Het hebben van een depressieve ouder vergroot de kans op 

depressieve klachten in adolescenten. Dit lijkt deels te komen doordat ouders 

bepaalde genetische varianten aan hun kinderen overdragen. Deze kunnen 

beïnvloeden hoe stressvol een situatie wordt ingeschat, hoe de lichamelijke reactie 

verloopt en welke emoties ervaren worden. Een verhoogd risico binnen families 

kan uiteraard ook via omgevingsfactoren lopen. Depressieve problemen bij de 

ouders kunnen bijvoorbeeld het opvoedingsgedrag en functioneren van het gezin 

beïnvloeden.   

 

Box 1. Genetica 

Genen zijn opgebouwd uit DNA (DeoxyriboNucleic Acid), dat weer is opgebouwd uit vier 

moleculen, afgekort met de letters A, C, T of G. Genen worden in de cel vertaald naar 

eiwitten die noodzakelijk zijn voor de ontwikkeling en het functioneren van het lichaam. Van 

elk gen bestaan verschillende varianten, zogenoemde ‘allelen’. Elk mens heeft twee allelen 

van elk gen; één van beide ouders. Het DNA van deze allelen kunnen een klein beetje 

verschillen en dat noemen we genetische variantie. Verschillende varianten leiden tot 

verschillende eiwitten. Je kunt het ongeveer vergelijken met oogkleur. Stel er is één gen 

voor oogkleur dan bepalen verschillende allelen of je groene, blauwe of bruine ogen krijgt.  

 

 

ONDERZOEKSMETHODE 

 

De hoofdvraag van dit proefschrift is: Welke factoren bepalen waarom 

adolescenten depressief worden na het meemaken van psychosociale stress? We 

hebben gekeken naar de aanwezigheid van depressieve problemen bij de ouders, 

verschillen in de lichamelijk reactie op stress en verschillen in het DNA. In al onze 

studies hebben we gekeken of bovenstaande factoren verschillend tot uiting 

kwamen in jongens en meisjes. De studies beschreven in dit proefschrift zijn 

onderdeel van het TRacking Adolescents’ Individual Lives Survey (TRAILS) 

onderzoek. Voor meer informatie over TRAILS zie Box 2.    
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Box 2. Het TRAILS onderzoek  

TRAILS is een langlopend onderzoek naar de geestelijke, lichamelijke en sociale 

ontwikkeling vanaf de preadolescentie tot in de jongvolwassenheid in ongeveer 2500 

jongeren in Noord-Nederland. Tijdens de meetmomenten, die elke twee tot drie jaar 

plaatsvinden, worden allerlei gegevens verzameld. In Figuur 1 staat het tijdschema van de 

meetmomenten van TRAILS en de gemiddelde leeftijd van de jongeren tijdens het 

meetmoment. Ten tijde dat dit proefschrift in druk komt is de vierde meting bijna afgerond. In 

de eerste drie metingen hebben de jongeren, leraren, ouders en broers en zussen 

vragenlijsten ingevuld over de geestelijke, lichamelijk en sociale ontwikkeling van de 

jongeren en henzelf. Bij de jongeren zijn lichamelijke kenmerken gemeten zoals lengte, 

gewicht, fysieke conditie, bloeddruk enz. Een deel van de jongeren heeft meegedaan aan 

een interview over stressvolle gebeurtenissen (zoals scheiding van de ouders, blijven zitten, 

ruzie met een beste vriend of vriendin of het meemaken van ziekte van een familielid of de 

jongere zelf) en aan een serie spannende taken. 

 

 

 

 

 

Figuur 1. Tijdschema van de TRAILS metingen en de gemiddelde leeftijd van de jongeren. 

  

      Voor meer informatie: www.trails.nl 

 

Vragenlijsten, stresstaak en DNA 

Via informatie uit vragenlijsten en het interview weten we hoeveel stressvolle 

gebeurtenissen jongeren hebben meegemaakt in bepaalde perioden in hun leven 

en hoeveel depressieve klachten ze hebben (gehad). Maar we wilden ook weten 

hoe de jongeren lichamelijk reageerden op stress. Bij 715 jongeren is de 

verandering in ademhaling, hartslag en bloeddruk gemeten tijdens een sociale 

stresstaak. Deze taak bestaat uit het geven van een presentatie, die op video 

opgenomen wordt en moeilijke rekensommen die hardop en snel gedaan moeten 

worden. Ook hebben we voor, tijdens en na deze taak het stresshormoon cortisol 

in het speeksel gemeten. Om de invloed van genetische verschillen te kunnen 

onderzoeken hebben jongeren bloed of wangslijmvliescellen afgegeven waaruit 

DNA is geïsoleerd.  
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ONDERZOEKSVRAGEN EN RESULTATEN  

 

Reageren jongens en meisjes verschillend op de stresstaak? Ja, jongens 

reageren anders op de stresstaak dan meisjes. Jongens hebben gedurende de 

stresstaak hogere cortisol concentraties in het speeksel dan meisjes terwijl meisjes 

een hogere hartslag hebben dan jongens. Wat het exacte mechanisme is achter 

deze geslachtsverschillen en welke consequenties dit heeft voor de gevoeligheid 

voor sociale stress en depressieve klachten zal verder bestudeerd worden.    

 

Beïnvloedt gebruik van de anticonceptie pil de cortisol reactie tijdens de 

stresstaak? Ja, de cortisol reactie tijdens de stresstaak is anders in meisjes die de 

pil gebruiken vergeleken met meisjes die dit niet doen. Meisjes aan de pil laten 

helemaal geen cortisol reactie zien. Mogelijk beïnvloeden de hormonen in de pil de 

activatie van het stresssysteem. Opvallend was dat er geen verschil is tussen 

meisjes die wel en niet de pil gebruikten in hoe ‘spannend’ zij de stresstaak 

beoordelen. De gevolgen van langdurig gebruik van de pil op de lichamelijke stress 

reactie is nog niet duidelijk. In de toekomstige metingen van TRAILS zal de rol van 

de pil nader onderzocht worden.  

 

Beïnvloedt fase in de menstruele cyclus de cortisol reactie tijdens de 

stresstaak? 

Nee, we vonden geen verband tussen menstruele fase en de cortisol reactie 

tijdens de sociale stresstaak. Dit verband werd wel gevonden in volwassen 

vrouwen (hogere cortisol reactie in de fase vóór de eisprong dan erna).  Waarom 

wij dit niet terug zien in adolescente meisjes kan komen doordat de hormoon 

balans in meisjes (nog) niet vergelijkbaar is met die in volwassen vrouwen. Een 

andere verklaring is dat onze manier om de fase te bepalen niet precies genoeg is 

geweest. Dit hebben wij bepaald op basis van zelf rapportage en niet op basis van 

hormoon concentraties.  

 

Is er een relatie tussen het meemaken van stressvolle gebeurtenissen en 

depressieve klachten in de vroege adolescentie? Ja, zowel jongens als meisjes 

rapporteren meer depressieve klachten na het meemaken van nare 

gebeurtenissen tussen 10 en 12 jaar vergeleken met jongens en meisjes die niet 

hebben blootgestaan aan stressvolle gebeurtenissen.  

 

Ontwikkelen meisjes meer depressieve klachten na het meemaken van 

stressvolle gebeurtenissen dan jongens? Ja, meisjes rapporteren meer 

depressieve klachten dan jongens na het meemaken van vergelijkbare stressvolle 

gebeurtenissen. We kunnen op basis van deze resultaten concluderen dat meisjes 

gevoeliger zijn voor psychosociale stress. Maar we kunnen niet concluderen dat 
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jongens minder stress ervaren. Misschien sporten jongens bijvoorbeeld meer dan 

meisjes wanneer ze gestrest zijn. Hierdoor raken jongens de overtollige stress 

hormonen kwijt waardoor zij mogelijk minder depressieve klachten ontwikkelen. 

Ook dit zal in de nabije toekomst nader onderzocht worden binnen het TRAILS 

onderzoek.    

 

Is de relatie tussen stressvolle gebeurtenissen en depressieve klachten 

sterker in jongeren met een verhoogd risico voor depressie? Ja, jongeren 

waarvan de ouders ooit depressieve problemen hebben gehad rapporteren meer 

depressieve klachten na het meemaken van psychosociale stress dan jongeren 

waarvan de ouders nooit depressieve problemen hebben gehad. Deze relatie is 

hetzelfde voor jongens en meisjes. We hebben geen aanwijzigen gevonden dat de 

invloed van depressie bij de ouders via omgevingsfactoren zoals negatief 

opvoedingsgedrag of slecht gezinsfunctioneren loopt. Vermoedelijk verklaren 

genetische factoren of andere, niet onderzochte, gezinsfactoren onze resultaten.   

 

Reageren jongeren met een verhoogd risico voor depressie anders op de 

stresstaak? Ja voor meisjes, Nee voor jongens. Meisjes met ouders die ooit 

depressieve klachten hebben gehad, hebben een lagere cortisol reactie tijdens de 

stresstaak dan meisjes van wie de ouders nooit depressief zijn geweest. Er is een 

theorie dat een verlaagde cortisol reactie beschermend is in chronische stress 

situaties. Maar hoewel depressie bij ouders samenhangt met meegemaakte stress 

voor zowel zonen als dochters verklaard dit niet de lagere cortisol reactie in 

meisjes. Andere studies waarbij gedetailleerde informatie verzameld wordt over de 

periode en duur van familiestress en andere stressvolle ervaringen bij jongeren uit 

risico gezinnen zal dit resultaat nader kunnen verklaren.   

 

Beïnvloeden genetische varianten de cortisol en hartslag reactie tijdens de 

stresstaak? Ja voor meisjes, Nee voor jongens. Jongens met verschillende 

genetische varianten vertoonden geen verschillen in de cortisol reactie. In meisjes 

vonden we dat DNA verschillen samenhangen met de hartslag reactie, maar alleen 

bij meisjes die de pil gebruiken. Het onderliggende mechanisme zal nader 

bestudeerd moeten worden om dit resultaat te begrijpen.  

 

Is het samenspel tussen genetische varianten en stressvolle gebeurtenissen 

anders voor adolescenten die in de kindertijd stress hebben meegemaakt? Ja 

voor meisjes, Nee voor jongens. Er is een effect van genetische varianten op het 

verband tussen sociale stress en depressieve klachten, maar alleen bij meisjes die 

als kind milde stress hadden meegemaakt en niet bij meisjes die helemaal geen 

stress hadden. Je zou dit resultaat kunnen vergelijken met een inenting tegen 

kinderziekten. Het stress systeem ‘leert’ vroeg in het leven om te gaan met stress 
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waardoor het effect van stress later in het leven minder nadelige gevolgen heeft, 

althans in de aanwezigheid van een gunstige genetische achtergrond.  

 

 

CONCLUSIE 

 

De titel van dit proefschrift is De gevoelige sekse. Na het lezen van deze 

samenvatting zal het geen verrassing zijn dat hier naar meisjes verwezen wordt. 

De studies in dit proefschrift laten zien dat het meemaken van stressvolle 

gebeurtenissen vaker tot depressieve klachten leidt bij meisjes dan bij jongens. 

Maar ondanks dat jongens en meisjes verschillend van elkaar reageren op de 

stresstaak weten we nog niet hoe deze verschillen de grotere kans op depressieve 

klachten tot gevolg hebben bij meisjes en vrouwen. We hebben gezien dat een 

verhoogd familierisico op depressie de lichamelijke reactie op de stresstaak 

beïnvloedt, maar alleen bij meisjes. Mogelijk komen genetische risicofactoren voor 

depressie in de adolescentie sterker naar voren bij meisjes dan bij jongens. De 

studies naar het samenspel tussen genetische variatie en psychosociale stress 

wijzen in deze richting aangezien we ook hier alleen relaties vonden in meisjes.   

 

De uitdaging voor de toekomst ligt in het ontrafelen van de onderliggende 

mechanismen van het gen-omgeving samenspel in de ontwikkeling van 

depressieve klachten. Meer kennis zal leiden tot een betere behandeling én 

mogelijk zelfs tot preventie van deze ziekte. Mannen en vrouwen reageren 

verschillend op hun omgeving onder invloed van onderliggende biologische 

mechanismen. Deze verschillen zijn geëvolueerd om de overleving en de 

voortplanting van onze voorouders te bevorderen. Het is mogelijk dat depressief 

(teruggetrokken) gedrag na het meemaken van psychosociale stress een voordeel 

had voor de overleving van vrouwen, maar niet voor mannen. Hiermee rekening 

ouden is nuttig. Zowel bij de interpretatie van geslachtsspecifieke 

onderzoeksresultaten als bij het ontwikkelen van geslachtsspecifieke 

behandelingsvormen en medicatie tegen depressie. 
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Bedankt!    

 

 

Goede vrienden zijn lastig te vinden, 

moeilijk te verlaten, 

en onmogelijk te vergeten. 
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