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1.1 Background 

 

The transition into adolescence is accompanied by a substantial rise in depressive problems, 

especially in girls (Angold et al., 1998). In preadolescence, the cumulative incidence of depression is 

estimated at 1%, and this is increased up to 17-25% by the end of adolescence (Costello et al., 2003; 

Lewinsohn et al., 1993; Verhulst et al., 1997).  Depressive symptoms during adolescence have a high 

likelihood to continue into early adult life (Lewinsohn et al., 1999) and adulthood (Fombonne et al., 

2001; Lewinsohn et al., 2000; Weissman et al., 1999b; Weissman et al., 1999a), making early 

adolescence an important period for studying the development of depression. Depression is a 

heterogeneous disorder, involving a range of cognitive, somatic and affective symptoms such as 

depressed mood, loss of interest or pleasure, loss of energy, feelings of worthlessness and guilt, 

suicidal ideation, sleep problems, and eating problems. Important environmental risk factors for 

depression are stressful life events and chronic psychosocial stress (Kendler et al., 2002; Kendler et 

al., 2006). Especially early childhood adversities and the combination of childhood and adult adversity 

have strong associations with the onset of depression (Green, 2010; McLaughlin et al., 2010). 

However, although the majority of depressions are preceded by stressful life events, only a minority 

of the individuals exposed to such events become depressed (Kessler, 1997). Hence, to better 

understand the pathways leading to depression, it is important to know how adolescents respond to 

stress and to identify individual differences in stress responses during adolescence.  

 The purpose of this chapter is to describe the complex interplay of adversities, depressive 

symptoms, and cigarette smoking with two biological systems involved in the regulation of stress, 

namely the cardiac autonomic nervous system (ANS) and the hypothalamic-pituitary-adrenal (HPA) - 

axis. The emphasis will be put on the HPA-axis. The chapter ends with the main research questions 

and the content of this dissertation. 

 

1.2 The physiological stress response 

 

Stress induces, within milliseconds, a rapid response of the autonomic nervous system (ANS). The 

ANS controls physiological functions such as breathing, circulation and thermoregulation. It can be 

divided into a sympathetic and a parasympathetic branch. Activation of the sympathetic system 

induces the release of adrenaline, and to a lesser degree noradrenaline, which raise heart rate, blood 

pressure, and respiration frequency. Not surprisingly, this system is frequently referred to as the ‘fight 

and flight’ system, since it prepares the individual to an emergency situation. The parasympathetic 

system induces slowing the heart rate and promotes energy conservation and digestion through the 

release of acetylcholine. This system is constantly active and can retract itself under stress, so that 

heart rate and thus blood pressure can increase without the greater metabolic costs of sympathetic 

activation (Porges, 2003; Porges, 2007). In a metaphorical way, the sympathetic system can be seen 

as the accelerator and the parasympathetic system as the brake.   

 In a much slower pace, the activity of the hypothalamic-pituitary-adrenal (HPA)-axis 

increases in response to acute stress, with a cascade of physiological reactions and cortisol as end-
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product. Unlike adrenaline, the cortisol production takes time, with approximately 20-25 minutes to 

reach peak levels, and the impact of cortisol also continues for a longer period (de Kloet et al., 1996), 

through changes in gene expression (Gunnar & Quevedo, 2007; Sapolsky et al., 2000). The HPA-

axis regulates various processes such as energy usage, the immune system, and memory and 

learning (Carrasco & De Kar, 2003; Sapolsky et al., 2000). It has been estimated that glucocorticoids 

modulate the expression of 10% of our genes (Buckingham, 2006).  

 The HPA-axis operates under multiple domains of activity (Herman et al., 2003), among 

which a circadian rhythm. The circadian rhythmic activity of the HPA-axis shows a sharp rise in 

cortisol levels prior to awakening in the morning, reaching a peak approximately half an hour later 

(cortisol awakening response (Kudielka & Kirschbaum, 2003; Schmidt-Reinwald et al., 1999)), after 

which levels decrease progressively during the day. In addition, the HPA-axis controls cortisol 

secretion under stress. In response to acute stress, increased activity of the HPA-axis is initiated by 

the paraventricular nucleus (PVN) of the hypothalamus, which releases corticotrophin-releasing factor 

(CRF). CRF travels to the anterior lobe of the pituitary gland. The anterior pituitary corticotroph cells 

respond upon exposure to CRF, with the release of adrenocorticotrophin hormone (ACTH) in the 

blood stream. As consequence, the adrenal cortex increases the secretion of cortisol. Glucocorticoids 

(cortisol in humans) pass the blood-brain barrier, where they bind to the mineralocorticoid (MR) and 

glucocorticoid receptors (GR) (de Kloet, 2000; Ginsberg et al., 2010), which suppresses the 

transcription of CRF and ACTH. Overshooting of the HPA-axis is prevented by negative feedback 

mechanisms. In this way, cortisol release is limited in the event that the acute stressor may be 

prolonged or repeated, and minimizes exposure to adverse catabolic and immunosuppressive effects 

of sustained elevations in circulating cortisol (Kovacs et al., 2000). The mechanisms of HPA-axis 

feedback consist of fast and delayed actions, operating in at least three time domains: fast (within 

seconds to minutes), early delayed (within hours), and slow delayed (within hours to days) 

(Buckingham, 2007; Sapolsky et al., 2000). The fast actions are thought to occur at the hypothalamic 

level, develop due to rises in glucocorticoid levels, and persist for less than 10 minutes. This fast 

action may serve to blunt responses to a second stressor within this time period. The early delayed 

actions develop within 2 hours and may persist up to 24 hours. When the rise in cortisol is 

substantial, a late delayed feedback develops after 24 hours. Both early and late delayed actions 

involve MR and GR receptors, and exert their influence at various levels, among which the pituitary, 

hypothalamus, and hippocampus. 

 

1.2.1 Repeated and persistent psychosocial stress 

 

For successful adaption to the environment, the HPA-axis shows considerable plasticity as a 

consequence of repeated stress. Normally, HPA-axis responses diminish after repeated exposure to 

the same (homotypic) psychosocial stressor and habituation occurs (Deinzer et al., 1997; Kirschbaum 

et al., 1995b). Repeated stress can also lead to an augmented HPA response to a novel (heterotypic) 

stressor due to sensitization, although this does not always occur (Grissom & Bhatnagar, 2009). 

Habituation in case of repeated exposure to similar psychosocial stress and selective increased 

sensitivity to different stressors underline the adaptive capability of the HPA-axis in response to the 
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environment. The two processes are both important to maintain reactivity to different stressors while 

also adapting to exposure to repeated similar (everyday) stressors (Fernandes et al., 2002; Kudielka 

et al., 2006). The process of habituation is partly regulated by the HPA-axis feedback mechanism, 

since blockade of mineralocorticoid or glucocorticoid receptors can prevent or reverse habituation 

(Cole, 2000). Not much is know about the central sites at which GC act to regulate HPA-axis activity 

under repeated stress (Fernandes et al., 2002; Jaferi & Bhatnagar, 2006). Stressors vary in the 

degree to which it they are physically or psychologically stressful. Physical stressors such as 

hemorrhage and forced swimming do not produce habituation, in contrast to psychosocial stressors. 

While physical stress rapidly activates the PVN via brainstem nuclei, psychosocial stress activates 

anticipatory processes that influence the PVN via limbic pathways (e.g., amygdala, hippocampus and 

prefrontal cortex) (Herman & Cullinan, 1997). Habituation to repeated psychological stress has been 

suggested to be enabled by these multiple inputs from the limbic system (which processes the 

cognitive and emotional information relevant to the stress experience), to the HPA-axis (Jaferi & 

Bhatnagar, 2006).  

 The stress response is meant to be acute and of limited duration. As such, its 

accompanying anti-anabolic, catabolic, and immunosuppressive effects are temporarily beneficial and 

have no adverse consequences (Chrousos, 2007; Chrousos & Gold, 1992). However, intense or 

persistent psychosocial stress can lead to maladaptive responses (Selye, 1998). When overshooting 

of the HPA-axis is not prevented, no habituation to recurrence of the same psychosocial stressor 

occurs, or the HPA-axis response is activated inadequately, the response is considered as 

maladaptive and associated with various stress-related somatic and psychiatric disorders (Heim et 

al., 2000b). Two groups are assumed to be at risk to develop pathological conditions: individuals 

responding with an excessive HPA-axis response (hyper-response), and individuals with a diminished 

HPA-axis response (hypo-response) to stress (Chrousos, 2007; McEwen & Wingfield, 2003).  

 

1.2.2 The importance of timing 

 

Depression has been associated with both pathological response profiles, that is, with a hyper-

responsive and with a hypo-responsive HPA-axis (Burke et al., 2005; Lopez-Duran et al., 2009). The 

hypo-response is though to be a consequence of down-regulation of the HPA-axis after a prolonged 

period of hyperactivity due to childhood stressors, while the hyper-response may be due to recent 

stressful experiences (Fries et al., 2005; Miller, 2007). Several studies regarding associations of early 

adversities with HPA-axis regulation confirmed hypo-responses to psychosocial stressors in those 

who experienced childhood adversity (Carpenter et al., 2007; Elzinga et al., 2008; MacMillan et al., 

2009). It has been suggested that these neuroendocrine changes associated with childhood adversity 

reflect the risk for developing depression after stress (Andersen, 2008; Heim et al., 2008). This is in 

line with recent studies showing that childhood adversity is associated with the onset of depression in 

adulthood (Green, 2010; McLaughlin et al., 2010), as well as with a broad range of other 

psychopathologies (McLaughlin, 2010).  

 Although childhood adversity is a strong risk factor for the development of depression, 

childhood depressions are relatively rare. As mentioned before, the onset of depression has a peak 
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surge during adolescence, with a cumulative incidence rate of 1% in preadolescence, and 17-25% by 

the end of adolescence (Costello et al., 2003; Lewinsohn et al., 1993; Verhulst et al., 1997). This 

points to a substantial delay in time or incubation period between the stress exposure and the 

eventual development of depression (Andersen, 2008). For example, in a cohort of women exposed 

to childhood sexual abuse, the mean time lag from the abuse to the onset of depression was over 

9 years (Teicher et al., 2009). 

 There is substantial evidence suggesting that the specific risks associated with exposure to 

childhood adversity depend on the timing of the stress exposure. For instance, several reports have 

indicated that children who were exposed to maltreatment before the age of 6 have higher levels of 

depressive symptoms in early adolescence (Keiley et al., 2001; Thornberry et al., 2001) or adulthood 

(Kaplow & Widom, 2007) than those with a later onset age of trauma. Furthermore, trauma that 

occurred before the ages 12 and 13 has been found to predict depression in adulthood, and trauma 

that occurred after the ages 12 and 13 post-traumatic stress disorder (PTSD) (Maercker et al., 2004; 

Schoedl et al., 2010). Both depression and PTSD have been associated with HPA system alterations 

(Handwerger, 2009). Specific sensitive periods were also reported by Andersen et al. (Andersen et 

al., 2008), who found increased depressive symptoms in women who were sexually abused between 

the ages 3 and 5, and PTSD symptoms in those exposed to abuse between the ages 9 and 10. In 

parallel, different morphometric changes in the brain were also associated with these age periods: 

reduced hippocampal volume was related to abuse during ages 3-5, and corpus callosum reduction 

to abuse during ages 9-10 (Andersen et al., 2008). As Andersen and colleagues put forward, the 

different stress-related syndromes may be associated with specific ages of adversity and also with 

subsequent specific brain changes. In conclusion, it seems that how adversity induces alterations in 

stress sensitive brain regions depends on the timing of the adversity (Lupien et al., 2009). 

 

1.2.3 HPA-axis maturation 

 

One of the major pathways through which stress can shape the development of the brain is the HPA-

axis, since its major end-product cortisol can pass the blood-brain barrier (Tottenham & Sheridan, 

2009). The brain structures involved in stress regulation have specific maturation pathways (Box 1). 

For example, the hippocampus, frontal cortex, and amygdala start to develop prenatally (Lupien et 

al., 2009), and both the hippocampus and amygdala continue to undergo major developmental 

changes during early childhood. In adolescence, the amygdala is still maturing, while the frontal 

cortex also undergoes major developmental changes (Lupien et al., 2009). During these changes, the 

brain structures are assumed to be particularly sensitive for stress-induced alterations (Lupien et al., 

2009). The maturation of the HPA-axis is reflected in both the diurnal rhythm and the HPA-axis 

responses to stress. For example, newborns do not show the adult rhythm in cortsiol production but 

two peaks, 12 hours apart (Klug et al., 2000). By three months, the cortisol awakening response and 

the decrease in levels until afternoon is established (Mantagos et al., 1998). With respect to HPA-axis 

responses to stress, studies show that children’s reactions to stress are marked by cortisol hypo-

responsiveness during preschool years (Gunnar & Quevedo, 2007) and hyper-responsiveness during 

puberty (Gunnar et al., 2009; Romeo, 2010b; Stroud et al., 2009), compared to adults. Since the 
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brain areas involved in stress regulation have different functions within the HPA system, the outcome 

of stress exposure during different developmental periods is likely to be diverse. Perinatal adversities 

(e.g., prenatal maternal depression (Brennan PA et al., 2008), psychosocial stress (Entringer et al., 

2009), and alcohol use (Hellemans, 2010)) have consistently been associated with HPA hyper-

reactivity to stress, a process known as ‘perinatal programming’ (Lupien et al., 2009). In contrast, 

adversity during childhood and adolescence has been found to either increase (Pesonen et al., 2010) 

or decrease (Carpenter et al., 2007; Elzinga et al., 2008; Luecken et al., 2009; MacMillan et al., 2009) 

the HPA-axis response to psychosocial stress later in life. These different findings may be due to the 

specific ages during which the adversities took place as well as to the type, frequency, and duration 

of the stressor (Lupien et al., 2009).  

 

1.3 Sex differences 

 

Many studies have indicated that women are twice as likely to be depressed than men, and that this 

sex difference first appears in adolescence (Angold et al., 1998; Kuehner, 2003). The emergence of 

this sex difference in prevalence of depression is estimated between the ages 10-15, during pubertal 

development (Andersen, 2008; Hankin et al., 1998; Kuehner, 2003; Oldehinkel et al., 1999). This 

suggests a hormonal influence in the risk of depression. During puberty, the rise in sex steroid levels 

induces sexually dimorphic organizational and stress-modifying effects on brain structures involved in 

stress regulation (Garrett & Wellman CL., 2009; Lenroot & Giedd JN., 2010; Lenroot et al., 2007; 

Sisk, 2005). For example, hippocampus volume increase has been found to be larger in girls than in 

boys during puberty, while amygdala volume increase was larger in boys, consistent with the steroid 

receptor distribution in these brain structures (Giedd, 1996; Neufang S et al., 2009). The HPA-axis is 

particularly sensitive to the impact of female sex hormones (Gillies & McArthur, 2010), especially 

estrogens (Shansky, 2009). Female sex hormones can  directly affect corticoid receptors in the 

hypothalamus and amygdala (Turner, 1997) and regulate neurotransmitters involved in HPA-axis 

functioning (Andersen et al., 2008; Goldstein et al., 2010). During adolescence, the brain undergoes 

functional and anatomical reorganization, especially in the prefrontal cortex, which regulates the 

responses of the amygdala and hypothalamus (Gogtay, 2004). Compared to childhood and 

adulthood, the effect of stress on the HPA-axis is different during adolescence, and characterized 

with a heightened and prolonged stress response (Andersen, 2008; McCormick & Mathews IZ., 2007; 

Spear, 2009). Repeated or chronic stressors are thought to have a more deleterious effect in 

adolescence than in adulthood, due to longer and higher circulation of cortisol after stress 

(McCormick & Mathews IZ., 2007). Furthermore, the stress  responses are likely to be very different 

in boys and girls during this period, due to the changing levels of gonadal hormones (Paus et al., 

2008). For example, in rats, estrogen amplified the stress response in the prefrontal cortex, leading to 

greater exposure to glucocorticoids in the female rat compared to the male (Shansky et al., 2004). In 

humans, high estrogen levels were found to mediate depressive symptoms after stressful events 

(Brooksgunn & Warren, 1989),  and estrogen rises in girls increased the probability of depression 

during mid-to-late puberty (Angold, 1999). In sum, the higher risk of depression in girls during 

adolescence may partly be due to the rise in female sex hormones. 
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Box 1 | The life cycle model of stress (from Lupien et al. 2009). How the effects of chronic or 
repeated exposure to stress (or a single exposure to severe stress) at different stages in life depend 
on the brain areas that are developing or declining at the time of the exposure. Stress in the 
prenatal period affects the development of many of the brain regions that are involved in 
regulating the hypothalamus-pituitary-adrenal (HPA) axis — that is, the hippocampus, the frontal 
cortex and the amygdale (programming effects). Postnatal stress has varying effects: exposure to 
maternal separation during childhood leads to increased secretion of glucocorticoids, whereas 
exposure to severe abuse is associated with decreased levels of glucocorticoids. Thus, 
glucocorticoid production during childhood differentiates as a function of the environment 
(differentiation effects). From the prenatal period onwards, all developing brain areas are sensitive 
to the effects of stress hormones (broken bars); however, some areas undergo rapid growth during 
a particular period (left solid bars). From birth to 2 years of age the hippocampus is developing; it 
might therefore be the brain area that is most vulnerable to the effects of stress at this time. By 
contrast, exposure to stress from birth to late childhood might lead to changes in amygdale 
volume, as this brain region continues to develop until the late 20s. During adolescence the 
hippocampus is fully organized, the amygdala is still developing and there is an important increase 
in frontal volume. Consequently, stress exposure during this period should have major effects on 
the frontal cortex. Studies show that adolescents are highly vulnerable to stress, possibly because of 
a protracted glucocorticoid response to stress that persists into adulthood (potentiation/incubation 
effects). In adulthood and during aging the brain regions that undergo the most rapid decline as a 
result of aging (right solid bars) are highly vulnerable to the effects of stress hormones. Stress 
during these periods can lead to the manifestation of incubated effects of early adversity on the 
brain (manifestation effects) or to maintenance of chronic effects of stress (maintenance effects). 
PTSD, post-traumatic stress disorder. 
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1.4 Cigarette Smoking 

Individuals with a current or history of depression tend to smoke more cigarettes than those without 

(Chaiton et al., 2009; Kendler et al., 1993). This comorbidity may be established during adolescence, 

since, just like depression rates, nicotine dependence rates also rapidly increase during adolescence 

(Storr, 2008), particularly in depressed adolescents (estimated odds ratio 2.3) (Fergusson et al., 

1996). The relationship between depression and smoking is bidirectional (Chaiton et al., 2009). 

Furthermore, depressed individuals find it harder to cease smoking, and are at risk of increased 

severity of depressive symptoms during smoking cessation, compared to those without depression 

(Covey, 1999). The comorbidity between depression and smoking may be due to a genetic 

predisposition, as suggested by Kendler at al (Kendler et al., 1993). On the other hand, nicotine has 

been reported to act like an antidepressant, and several studies point to a self-medication effect of 

smoking (Audrain-McGovern et al., 2009; Glass, 1990; Philip NS et al., 2010). Studies have indicated 

that whereas acute nicotine intake through cigarette smoking can be regarded as a stressor that 

activates the HPA-axis, the cortisol response to psychosocial stress is diminished in habitual cigarette 

smokers (Rohleder & Kirschbaum, 2006). Repeated stress exposure has been documented to 

increase the ability of nicotine to activate the HPA-axis (Lutfy et al., 2006). Besides the HPA-axis, 

nicotine use also influences the hypothalamic-pituitary-gonadal (HPG)-axis, and vice-versa, for 

example, nicotine has been shown to reduce luteinizing hormone levels (Fuxe et al., 1989) and to 

lower progesterone levels in men (Childs & de Wit, 2009), and progesterone treatment has been 

found to suppress smoking urge in both male and female smokers, compared to placebo treatment 

(Sofuoglu et al., 2001; Sofuoglu et al., 2009). Apart from interactions with nicotine, the HPG- and 

HPA-systems also interact with each other. Compared to men, women seem to progress to nicotine 

dependency more rapidly (Storr, 2008), with variations in nicotine dependency (Allen et al., 2009; 

Snively et al., 2000) and craving (Allen et al., 2010; Carpenter et al., 2006; Lynch, 2009) across the 

menstrual cycle. However, it still remains to be answered whether menstrual cycle phase and OC use 

modulate the relationship of smoking and HPA functioning. 

1.5 Our methods 

 

1.5.1 TRAILS 

 

This dissertation consists of five empirical studies, which were part of the ‘TRacking Adolescents’ 

Individual Lives Survey’. TRAILS 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. (Huisman et al., 2008). So far, three assessment waves were 
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completed which ran from, respectively, March 2001 to July 2002 (mean age = 11.09 years, SD = 

0.56; 50.8% girls), September 2003 to December 2004 (mean age = 13.56 years, SD = 0.53; 51.0% 

girls), and September 2005 to December 2007 (mean age = 16.28 years, SD = 0.71; 52.3% girls). At 

the first wave, 2230 children were enrolled in the study (response rate 76.0%); the response rate was 

96.4% at T2 and 81.4% at T3. At the third assessment wave, a group of adolescents were invited to 

perform an additional set of laboratory tasks, including a social stress test, which will be discussed 

below. In Figure 1 is a schematic overview of the three assessment waves, including the social stress 

test. 

 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, sex, 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 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).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 Schematic overview of the TRAILS data waves T1, T2 and T3 
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1.5.2 Sample selection 

 

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, sex, 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 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).  

 

1.5.3 The 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), to study a diversity of research questions 

within the TRAILS study. In order to increase the power to detect mental health related differences in 

response patterns, a large part of this focus sample was selected from adolescents with an increased 

risk to develop mental health problems. High risk was defined based on the following three indicators: 

the first: temperament, as measured with the Early Adolescent Temperament Questionnaire (EATQ) 

at T1. High scores (≥ 90e percentile) on frustration or Fear, or low scores (≤ 10e percentile) on 

effortful control, were indicated as increased risk. The second indicator was 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. The third 

indicator was environmental risk: at least one of the biological parents is not living with the participant. 

Of the 744 adolescents that were invited 715 (96.1%) agreed to participate. The sample consisted of 

473 (66.2%) adolescents with an increased risk to develop mental health problems, the other 33.8% 

(n = 242) were randomly selected from the total TRAILS sample. 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.  
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1.5.4 Data collection 

 

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

questionnaires at all three assessment waves, autonomic and HPA-axis measurements at T1, and 

cardiac autonomic and HPA-axis measurements during the 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. At each assessment wave (T1, T2, and T3), 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. Of the total sample of 2230 preadolescents, 1868 (83.8%) participated in the cardiac autonomic 

measurements in the supine and standing positions, while cortisol samples to measure the cortisol 

awakening response and evening level at 20:00 h, were collected in 1768 (79.3%) participants. 

Preadolescents who participated in the physiological measurements (N = 2117) did not differ from the 

rest of the TRAILS sample regarding sex and depressive symptoms, but were slightly older (mean 

age 11.57) because the physiological autonomic measurements started a few months after the 

TRAILS data collection had begun. Not all children were included, since some children had changed 

from primary to secondary school (N = 196). Additional attrition occurred because children were not 

present at school (e.g., holiday, school trip) and could not be rescheduled (N=62), were involved in 

the pilot measurements (N=56), had moved to another town (N=35), refused to participate in the 

physiological measurements (N=12), or had a physical handicap (N=1). At T3, the stressful life events 

(SLEs) experienced by the TRAILS children, 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. At T3, the aforementioned focus sample participated also in an experimental 

session, which will be described below. 

 

1.5.6 Experimental session at T3 

 

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

and psycho-physiological responses (cardiac 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.  

 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). The participants were asked to collect two morning 

saliva samples on the day of the experimental session, one directly after waking up (mean time of 

awakening = 07:39h, SD = 1:10h) and one 30 minutes later. They were instructed not to eat, brush 
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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 contraceptives 

use), quality of sleep, and amount of 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. 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 & Lang, 1994). The Groningen Social Stress Test (GSST) 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.  

 

1.5.7 The Groningen Social Stress Test 

 

The Groningen Social Stress Tests protocol was inspired by the Trier Social Stress Test (Kirschbaum 

C et al., 1993). The GSST encompasses the three most important triggers of HPA axis: 

uncontrollability, threat of failure, and fear of negative social evaluation (Dickerson & Kemeny, 2004). 

During the GSST, heart rate was recorded continuously. Participants were, on the spot, instructed to 

prepare a six-minute speech about themselves and their lives and deliver this speech in front of the 

test assistent 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 test assistent 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, a three-minute period followed during which the participant was 

not allowed to speak. Directly after the GSST participants were ask to report their subjective arousal. 
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Following, participants were asked to relax for a period of 5 minutes after which they reported about 

used emotion regulation strategies.  

 

1.6 Outline of this dissertation 

 

The main focus of this dissertation is on determinants and consequences of the physiological 

systems involved in stress regulation, namely the hypothalamic-pituitary-adrenal axis (HPA)-axis and 

the cardiac autonomic nervous system, during adolescence. Adolescence is a period in which sex 

differences start to emerge in the prevalence of depression, possible due to the rise in sex steroids 

levels, which induce sexually dimorphic organizational effects on brain structures involved in 

psychosocial stress regulation. Therefore, sex hormones have an important influence on the 

physiological responses to psychosocial stress in adolescence. The transition into adolescence 

is also accompanied by an increased prevalence of stress-related disorders such as depression, 

especially in girls and by cigarette smoking initiation. We examined the interplay of environmental, 

psychological and hormonal influences with two physiological systems involved in stress regulation, 

namely the hypothalamic-pituitary-adrenal axis (HPA)-axis and, to a lesser extent, the cardiac 

autonomic nervous system, in a large longitudinal population cohort of adolescents, TRAILS.  

 

Part I Long- and short-term influences on the cortisol responses to a 

psychosocial stressor in adolescent boys and girls 

 

Chapter 2 Long-term influences of adversities on adolescents’ cortisol stress response. During 

childhood and adolescence, the involved brain structures have different maturation pathways, and as 

a result, each structure has specific sensitive periods for stress. Furthermore, perinatal adversities 

are assumed to have programming effects on the HPA-axis, and may enhance the vulnerability for 

abnormalities of the cortisol stress response following childhood and adolescence adversity. For 

these reasons, we examined the timing of adversities from the prenatal period up to middle 

adolescence on adolescents’ cortisol stress response.  

 

Chapter 3 The interplay of ovarian hormones, cigarette smoking and repeated psychosocial stress 

on adolescents’ cortisol responses to social stress. There is compelling evidence that the HPA-axis, 

the hypothalamic-pituitary-gonadal (HPG)-axis, and cigarette smoking are interrelated. It was 

therefore hypothesized that sex, menstrual cycle phase, and use of oral contraceptives would 

modulate the effect of smoking on the cortisol response to social stress. Stress exposure at the day 

prior to testing was included to test if repeated stress exposure increases the ability of nicotine to 

activate the HPA-axis, as has been suggested by animal research. 

 

Chapter 4 Interrelations of psychological and physiological responses to a social stress test. There is 

a wealth of data on psychological and physiological responses to stressful experiences, but a relative 
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scarcity of studies on the interrelation between the two. We examined if and how perceived stress 

responses covaried with physiological stress responses in adolescents. 

 

Part II Physiological baseline measurements in relation to depressive 

symptoms and adversities in boys and girls during pre- and early adolescence 
 

Chapter 5 The role of respiratory sinus arrhythmia (RSA) as a physiological marker for emotion-

regulation abilities. Based on Porges’s Polyvagal Theory, it was hypothesized that low resting RSA 

would be associated with more depression symptoms, both cross-sectionally and over time; and that 

preadolescents with low RSA would be more likely to develop depression symptoms after stressful 

life events than those with high RSA.  

 

Chapter 6 Heterogeneity within depression symptoms regarding associations with physiological 

measurements. Studies in patients with cardiovascular disease have indicated that only a subset of 

depression symptoms account for associations with cardiovascular prognosis and low heart rate 

variability. We tested if these findings could be extended to young, non-diseased individuals and 

other physiological measures, by investigating associations of RSA, baroreflex sensitivity, and the 

cortisol awakening response with, respectively, somatic and cognitive/affective depression 

symptoms. 

 

Taken together, the five empirical chapters presented in this dissertation explore the complex 

interrelationships of environmental influences (adversities and lifestyle), psychological influences 

(depressive symptoms, perceived stress), and hormonal influences (sex, menstrual cycle, and OC 

use), with measures of physiological functioning and stress responses. In the general discussion, the 

main findings will be summarized and integrated. 
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Abstract 

 

Context Altered cortisol response is a vulnerability marker for a variety of stress-related diseases and 

psychiatric disorders. Little is known about how the timing of adversity may influences its 

consequences, and about whether and how perinatal adversity enhances vulnerability for 

abnormalities of the cortisol stress response following childhood and adolescence adversity. 

Objectives To examine (1) the influence of adversity during different periods (perinatal, age 0-5, 6-

11, 12-14, 15-16) as well as (2) the interplay between perinatal and later adversity on adolescents’ 

cortisol stress response, and (3) to assess whether the effects are similar for boys, free-cycling girls, 

and oral-contraceptive users. Design, Setting and Participants A total of 519 adolescents (mean 

age 16.0, 48.4% boys) from the longitudinal TRAILS study were included. Adversities were 

measured, using parent- and self-report questionnaires and interviews. Main Outcome 

Measures Four salivary cortisol samples were collected before and after the stress test; repeated-

measures general linear models were used to study associations between adversities and the cortisol 

response. Results Perinatal adversity was associated with an increased cortisol response and higher 

levels, and this effect was amplified after the occurrence of adversity during age 6-11. In boys 

exposed to perinatal adversity, adversity during age 12-14 was associated with an increased cortisol 

response, while chronic stress during age 15-16 was associated with lower cortisol levels. In girls, 

chronic stress during age 15-16 was associated with a diminished cortisol response in girls, 

irrespective of perinatal adversity. Conclusion Findings show that the HPA system is particularly 

sensitive to stress during two developmental periods, namely the perinatal period and early 

adolescence. Apart from programming effects, perinatal adversity also renders individuals more 

sensitive to abnormalities of the cortisol stress response following childhood adversity. Furthermore, 

findings show that early adolescence is marked by the emergence of sex differences in stress-

sensitivity. 

 

2.1 Introduction 

 

Early life adversity has been shown to cause lifelong alterations of neuro-endocrine, behavioral and 

cognitive functions (Hellemans, 2010; Jones et al., 2008; Mastorci et al., 2009; Van den Bergh et al., 

2008; Weaver, I, 2009), and increase the risk for developing a wide range of psychiatric, 

cardiovascular and metabolic disorders in later life (Heim et al., 2008; Hellemans, 2010; Jones et al., 

2008; Nomura et al., 2007; Schlotz & Phillips, 2009). One of the major stress systems associated with 

early life adversity is the hypothalamic-pituitary-adrenal (HPA) axis, with cortisol as major end 

product. Substantial evidence shows altered HPA-axis reactivity after early life stress, but with 

considerable variability in the degree and direction (hyper- as well as hypo-reactivity) of HPA 

functioning (Carpenter et al., 2007; Elzinga et al., 2008; Entringer et al., 2009; Luecken et al., 2009; 

MacMillan et al., 2009; Pesonen et al., 2010). Age of stress exposure, sex differences, and stress 

sensitization by perinatal adversity, whereby perinatal adversity increases the sensitivity of the HPA-
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axis to subsequent adversities, could contribute to these inconsistencies and are the subject of our 

study. 

 Perinatal adversities such as prenatal maternal anxiety (O'Connor et al., 2005), depression 

(Brennan PA et al., 2008), psychosocial stress (Entringer et al., 2009), alcohol use (Hellemans, 

2010), and low birth weight (Wüst et al., 2005) have consistently been associated with HPA hyper-

reactivity to stress, a process known as ‘perinatal programming’ (Lupien et al., 2009). In contrast, 

adversity during childhood and adolescence has been found to either increase (Pesonen et al., 2010) 

or decrease (Carpenter et al., 2007; Elzinga et al., 2008; Luecken et al., 2009; MacMillan et al., 2009) 

HPA response to psychosocial stressors later in life. The brain regions involved in HPA-axis 

regulation, such as the hippocampus, frontal cortex and amygdala, start to develop prenatally (Lupien 

et al., 2009), and are extremely sensitive to stress during this period. During childhood and 

adolescence, the involved brain structures have different maturation pathways, and as a result, each 

structure has specific sensitive periods for stress (Lupien et al., 2009). In line with this, a cross-

sectional study found that sexual abuse at ages 3-5 and 11-13 was associated with reduced 

hippocampal volume, and abuse at age 14-16 with reduced frontal cortex volume (Andersen et al., 

2008). Although evidence is accumulating that children’s reactions to stress are marked by cortisol 

hypo-responsiveness during preschool years (Gunnar & Quevedo, 2007) and hyper-responsiveness 

during puberty (Gunnar et al., 2009; Romeo, 2010b; Stroud et al., 2009), compared to adults, most 

studies examining effects of early adversity on cortisol responses have disregarded the timing of 

trauma (Carpenter et al., 2007; Elzinga et al., 2008; Luecken et al., 2009; MacMillan et al., 2009). To 

our knowledge, only one study investigated the specific age at which the adversity occurred, and 

showed that separation from both parents during childhood was associated with an increased cortisol 

stress response in adulthood, particularly if the separation occurred between age 2-7 (Pesonen et al., 

2010). In sum, diverging effects of childhood adversity on cortisol responses may be due to the age 

at which the adversity took place.  

A second potential influence of adversity on the HPA-axis response regards stress 

sensitization, whereby perinatal adversity may enhance the vulnerability to stress-induced alterations 

of the HPA system after exposure to subsequent adversities later in life. Some recent studies have 

found sensitization effects due to perinatal adversity with respect to depression (Costello et al., 2007), 

anorexia nervosa (Favaro et al., 2010) and overall wellbeing (Nomura & Chemtob CM., 2007). For 

example, a study on the effects of low birth weight on adolescent depression found that low birth 

weight did not predict depression in itself, but increased the sensitivity to the depressogenic effects of 

subsequent stressors in girls (Costello et al., 2007). Whether perinatal adversity also modifies the 

impact of later stressors on HPA-axis functioning has not been addressed in the literature so far. 

A third factor that potentially plays a role in the differential effects of childhood adversity on 

HPA function concerns sex differences (Elzinga et al., 2008; Pesonen et al., 2010) and effects of oral 

contraceptives (OCs) (Kirschbaum et al., 1999). Testosterone, progesterone and estrogens influence 

activation and feedback of the HPA-axis (Viau, 2002). In addition, OC use results in blunted cortisol 

response to stress (Bouma et al., 2009). A few studies documented sex differences in the association 

of early adversity with cortisol reactivity (Elzinga et al., 2008; Pesonen et al., 2010), but small sample 

sizes or ignored OC use prevented definite conclusions. Since profound sex differences have been 
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found in stress-related disorders (Angold et al., 1998; Koenen & Widom CS, 2009), especially after 

puberty onset (Young & Altemus, 2004), sex differences and OCs effects should be elucidated. 

Compared to childhood and adulthood, research on HPA function in adolescence is scarce 

(McCormick et al., 2010; McCormick & Mathews IZ., 2007). This study extends previous findings by 

exploring the effects of adversities from the perinatal period up to and including adolescence on 

adolescents’ cortisol stress responses. We will examine adversities during five age periods (perinatal, 

0-5 years, 6-11 years, 12-14 years, 15-16 years), to investigate their specific effects on the HPA-axis. 

Furthermore, we will test whether perinatal adversity renders individuals more sensitive to later 

adversity, by examining interaction terms of perinatal and subsequent adversity on the cortisol 

response.  Finally, we will examine whether effects of adversities on the HPA-axis are similar for 

boys, free-cycling girls, and OC-users.  

 

2.2 Methods 
 

2.2.1 Study population 

 

The data were collected in a focus sample of TRAILS (TRacking Adolescents’ Individual Lives 

Survey), a large prospective population study of Dutch adolescents from age 11 to 25. Thus far, three 

data waves have been completed: T1 (2001-2002, N=2230, age 10-12, 51.0% girls, response rate 

76.0%), T2 (2003-2004, N=2149, age 12-15, 51.0% girls), and T3 (2005-2007, N=1816, age 14-18, 

53.0% girls). During T3, 744 adolescents were invited to an experimental session on top of the usual 

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

problems (i.e. lifetime parental psychopathology, living in a single-parent family, difficult 

temperament) had a greater change of being invited. In total, 66.0% of the focus sample had at least 

one of the above-described risk factors. The sampling procedure influenced the distribution of specific 

risk factors but is unlikely to cause biased estimations, because the focus sample still represented the 

whole range of problems seen in a normal population of adolescents. Complete HPA-axis and 

adversity measurements were available for 599 (83.8%) participants. Adolescents were excluded if 

stressful life events were assessed more than 3 months before (N=56) or more than one year after 

the experiment (N=24), leaving a total of 519 participants for analysis. Included and excluded 

participants did not differ regarding sex or adversity variables, except for age (t = 5.45, p < .001) and 

overall index of experienced stress during age 0-5 (t = 2.23, p = .03) and 6-11 (t = 2.20, p = .03), 

which were higher in included than excluded participants. The study protocol was approved by the 

Central Committee on Research Involving Human Participants (CCMO). Written informed consent 

was provided by each participant. Participants were remunerated for their travel expenses and 

received a reward. 

2.2.2 The Groningen Social Stress Test 

 

The experimental session during T3 consisted of a number of different challenges (in chronological 

order: orthostatic stress, spatial-orienting task, gambling task, startle-reflex task, and social-stress 
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task). These tasks, with a total duration of about 2 hours, started around 9.00 am (50%) or around 

2.00 pm, and were preceded and followed by a 40-minute period of rest. Participants filled out a 

number of questionnaires at the start and end of the session. Before, during, and after the 

experimental challenges, extensively trained test-assistants assessed cardiovascular measures and 

cortisol. Participants were asked to refrain from heavy physical activities the day prior to the 

experimental session and not to smoke or use coffee, milk, chocolate, and other sugar-containing 

foods within two hours before arrival. The session took place in sound-proof rooms with blinded 

windows at selected locations in the participants’ residence towns.  

The Groninger Social Stress Test (GSST) involved a standardized protocol, inspired by, but 

not identical to, the Trier Social Stress Test (Kirschbaum C et al., 1993).  Participants were 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 by a panel of peers 

after the experiment. Participants had to speak for six minutes continuously, while the test-assistant 

watched the performance critically without showing any empathy or encouragement, followed by a 

three-minute silent interlude. Then a mental arithmetic task followed during which participants had to 

subtract the number 17 repeatedly, starting with 13278, while the test-assistant gave negative, 

frustrating feedback. This task lasted for six minutes, again followed by three-minute period of 

silence, after which the participants were thoroughly debriefed about the experiment.   

 

2.2.3 Measures 

 

Salivary cortisol collection. The HPA-axis response towards the GSST was assessed by four cortisol 

samples, immediately before the start of the social stress test (Ce1), directly after the end of the test 

(Ce2), 20 minutes after the test (Ce3), and 40 minutes after the test (Ce4). Considering the normal 

delay (20-25 minutes) in peak cortisol responses to experimental stressors (Kudielka & Wüst S., 

2010), all samples reflect responses about 20 minutes earlier, that is, preceding, during, immediately 

after, and 20 minutes after the social stress test. Cortisol was assessed from saliva by the Salivette 

sampling device (Sarstedt, Numbrich, Germany) and after the session stored at -20 °C until analyses. 

Cortisol was measured directly in duplicate in 100 µl saliva using an in-house radioimmunoassay 

(RIA) applying a polyclonal rabbit cortisol antibody and 1,2,6,7 3H Cortisol (Amersham) as tracer. 

After incubation for 30 minutes at 60o C, the bound and free fractions were separated using activated 

charcoal. Intra- and inter-assay coefficients of variation for the assays were 5.6.-12.6%. Missing 

experimental samples (Ce1, n = 12, Ce2, n = 8, Ce3, n = 10, Ce4, n = 12) due to lab detection 

failures, insufficient saliva in the tubes, or outliers (> 3 SD above the mean) were imputed on the 

basis of group mean and standard deviation for the missing cortisol sample and the mean of 

participant’s non-missing cortisol samples. 

 Perinatal adversity. At T1, well-trained interviewers visited the parents at their homes to 

administer an interview covering a wide range of topics, including prenatal and postnatal events. 

Perinatal adversities included maternal alcohol use (18.7%), maternal smoking (25.8%), maternal 

psychological problems during pregnancy (4.0%) or the three months after delivery (3.3%), preterm 

(≤ 33 weeks) delivery (2.5%), low (≤ 2500 grams) birth weight (11.6%), and hospitalization of mother 
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or child within one month after delivery (mother 14.3%, child 11.8%). In total, 37.8% of the 

participants were not exposed to any, 43.5% to one, 12.3% to two, 4.7% to three, 1.2% to four, and 

0.6% to five perinatal adversities.  

 Adversities between age 0-5 and 6-11. At T1, information on major stressful events 

(hospitalization, parental divorce, death of family member, out-of-home placement, parental addiction, 

and parental mental health problems) and age of occurrence was obtained from the parental 

interview. Sum scores were made of the total number of events between age 0-5 and between age 6-

11. At T2, both parents and adolescents were asked to rate the overall stressfulness of these two 

periods (age 0-5 and 6-11), on a scale ranging from 1 (not at all stressful) to 10 (extremely stressful). 

The mean of the standardized parent and adolescent reports was used as an overall index of 

experienced stress.  

 Adversities between age 12-14 and 15-16. At T3, information on adversities in the past five 

years was obtained from the adolescents with an event history calendar, a semi-structured interview 

covering a wide range of stressful experiences. Total number and duration of the adversities were 

calculated with respect to the period between 5 and 2 years before the experimental session, and the 

two-year period preceding the session. The total number reflected the sum of 21 adversities, 

including conflicts, loneliness, no friends, physical or sexual assault/abuse, bullying/gossiping, loss of 

friends, psychological/addiction problems of family or friends, out-of-home placement, running away 

from home, death/sickness of family member, hospitalization, and parental divorce. Chronic stress 

was measured as the total duration of the adversities of the following adversities: physical or sexual 

abuse/assault, bullying/gossiping, no friends, conflicts, severe problems of family members or friends, 

out-of-home placement, and running away from home. Only adversities that lasted at least one month 

were included in this index. 

 Covariates. Current depressed mood, smoking, and body mass index (BMI) were included 

as covariates. Current depressed mood was assessed at the start of the session, with the Dutch 

version of the short Profile of Mood Scale (POMS) (Wald & Mellenbergh, 1990). The Depression 

scale includes eight items describing current mood (down, helpless, sad, lonely, unhappy, unworthy, 

melancholic, desperate), which can 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 = .87. Smoking behavior and BMI were assessed as 

part of the regular T3 measurements, which were conducted at school, on average 1.04 months (SD 

= 2.79) after the experimental session. Weight and height were assessed by test-assistants. BMI is 

defined as the weight in kilograms divided by the height in meters squared. 

 

2.2.4 Statistical analyses 

 

Descriptive statistics of the predictor variables were calculated separately for boys, free-cycling girls 

and OC-users. Between-group differences were tested by ANOVAs- and χ2-tests. In case of 

significant group differences, post-hoc t-tests and χ2-tests were performed to examine the nature of 

the differences. Associations between the adversity variables were examined by correlation 

coefficients.  
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Repeated-measures General Linear Models (GLM) with the four cortisol measures as 

dependent variables were used to examine: (1) main effects of adversities per period; (2) interaction 

effects of perinatal risk with each later adversities, and (3) differences between boys, free-cycling 

girls, and OC-users. Cortisol data were log-transformed to attain normality. The adversity variables 

were tested simultaneously, to measure the effect of a single adversity independent of all other 

adversity measures. Significant main effects of the adversities indicate differences in overall level of 

cortisol, while significant interactions of the adversities with the within-subjects effects indicate 

differences in cortisol response. Greenhouse-Geisser corrections were used for within-subject effects 

(tables present non-corrected degrees of freedom). Group differences (boys, free-cycling girls, and 

OC-users) were examined by testing interaction effects of group and each of the adversity variables. 

In case of significant interactions, Bonferroni-corrected post-hoc analyses were performed in each 

subgroup. All analyses were adjusted for current depressed mood, smoking status, and BMI 

(Kudielka & Wüst S., 2010). We did not control for the timing of the stress test, since in our study 

responses to the social stress test were found to be comparable between morning and afternoon 

sessions (Bouma et al., 2009).  

2.3 Results 

 

2.3.1 Demographic and adversity characteristics 

 

Descriptive statistics of the predictor variables are shown in Table 1. The three groups differed with 

regard to age (F2,516 = 5.27, p < .01), depressed mood (F2,514 = 4.28, p =.01), BMI (F2,516 = 8.22, p 

<.0001) and smoking (χ22 = 20.99, p < .0001). OC-users were older, had higher BMI, and were more 

often smokers compared to boys and free-cycling girls, while free-cycling girls reported a higher 

depressed mood compared to boys (all P values < .05). Differences among the adversity variables 

were found for overall stress between age 0-5 (F2,516 = 6.03, p < .01) and age 6-11 (F2,516 = 4.67, p = 

.01); chronic stress between age 12-14 (F2,516 = 6.24, p < .01) and age 15-16 (F2,516 = 4.60, p = .01); 

and number of adversities between age 15-16 (F2,516 = 11.31, p < .0001). Boys experienced more 

overall stress between age 0-5 and age 6-11 than free-cycling girls. OC-users experienced more 

chronic stress between age 12-14 than boys, and encountered more adversities between age 15-16 

than free-cycling girls and boys. Free-cycling girls endured more chronic stress between age 15-16 

compared to boys (all P values < .05).  

 Associations between the adversities are given in Table 2. As might be expected, the 

correlations tended to drop with increasing time between the periods. Perinatal adversity was 

significantly associated with number of adversities between 0-5 and 6-11 years of age, but not with 

the overall stress scores during these periods, or any subsequent adversities.  

 

2.3.2 Main effects of adversities 

 

Main effects are presented in Table 3. Boys showed a stronger cortisol response with higher cortisol 

levels than free-cycling girls. In contrast to boys and free-cycling girls, OC-users did not display a 

cortisol response; their cortisol levels decreased more or less linearly during the social stress test 
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(see for more details (Bouma et al., 2009)). Both perinatal adversity and chronic stress during age 15-

16 were significant predictors of the cortisol response (Table 3). Perinatal adversity increased both 

cortisol response and level (see Figure 1a). Figure 1b shows that chronic stress during the past two 

years (age 15-16) was associated with a diminished cortisol response. Other adversities were not 

significantly associated with the cortisol measures. No significant interactions of group by adversities 

were found (all p-values > .05). 

 

2.3.4 Interplay of perinatal and childhood adversities 

 

Perinatal adversity interacted significantly with number of adversities during age 6-11 in the prediction 

of cortisol levels (F1,491 = 9.35, p = .002). Cortisol levels were higher in those with both perinatal 

adversities and childhood adversities during age 6-11 years, compared to those without this 

combination (see Figure 1c). Two significant three-way interactions were found, namely group by 

perinatal adversity by number of adversities during age 12-14 (F6,1473 = 2.55, p = .04), and group by 

perinatal adversity by chronic stress during age 15-16  (F2,491 = 3.24, p = .04). Post-hoc analyses 

indicated interactions of perinatal and these later adversities in boys, but not in girls. In boys, 

perinatal adversity combined with chronic stress during the past two years (age 15-16) was 

associated with a diminished cortisol response (F3,705 = 3.29, p = .04) and lower levels (F1,235 = 5.91, 

p = .02), compared to all other combinations, which all had comparable cortisol responses. The 

interaction of perinatal adversity with adversities during age 12-14 years was marginally significant 

(F3,705 = 2.56, p = .08), with boys who had experienced perinatal adversity and adversity during age 

12-14 displaying an increased cortisol response, compared to other boys. The results were 

summarized in Figure 2. 

 

2.4 Discussion 

 

In a uniquely large sample of 519 adolescents, we explored the long-term effects of perinatal, 

childhood and adolescent adversities on cortisol responses to a social stress task, and whether 

perinatal adversity moderated the impact of subsequent adversities. We further examined differences 

between boys, free-cycling girls, and OC-users.  

We found that perinatal adversity was associated with an increased cortisol response to social stress 

in adolescence. This effect was observed in boys, free-cycling girls and OC-users alike, independent 

of current depressed mood. Furthermore, also regardless of sex and OC-use, the cortisol response to 

the stressor was highest in those who had a combination of perinatal adversity and childhood 

adversity during age 6-11. In boys, a marginally significant increased cortisol response in those 

experiencing perinatal adversity was also found after adversity at age 12-14. We also found that 

chronic stress during the past two years (age 15-16) diminished the cortisol response to social stress. 

In girls, this effect was seen irrespective of perinatal adversity, while in boys this effect was only seen 

in combination with perinatal adversity. 

 These findings are important for several reasons. First, this study shows that perinatal 

adversity is associated with changes in adolescents’ stress response, independent of later adversities 
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Table 1 Demographic and Adversity Characteristics of the Study Sample 

 
Mean (SD or percentage)  

 
Boys 

 (N=251) 
 

Free-cycling girls 
(N=190) 

 
OC-using girls 

(N=78) 

Demographics      

Age (years) 15.99 (0.52)  15.94 (0.49)  16.16 (0.56) 

BMI (kg/m2) 20.71 (3.18)  21.24 (2.75)  22.25 (2.79) 

Smokers  64 (25.5%)  49 (25.8%)  40 (51.3%) 

Current depressed mood   8.15 (7.75)  10.32 (8.28)   10.06 (9.09) 

Adversities      

Perinatal adversities -0.08 (0.97)  0.06 (1.01)  -0.10 (0.93) 

Age 0-5 
Number of events 
Overall stressfulness 

 
0.12 (1.09) 
0.08 (0.76) 

 
 

-0.05 (0.97) 
-0.18 (0.68) 

 
 

-0.02 (1.00)  
-0.06 (0.97) 

Age 6-11 
Number of events  
Overall stressfulness 

 
0.03 (1.03) 
0.04 (0.74) 

 
 

-0.05 (0.93) 
-0.17 (0.71) 

 
 

0.04 (1.11) 
0.03 (0.86) 

Age 12-14 
Number of events 
Chronic stress   

 
-0.10 (0.91) 
-0.13 (0.88) 

 
 

-0.02 (0.94) 
0.03 (0.92) 

 
 

0.15 (1.30) 
0.32 (1.71) 

Age 15-16 
Number of events 
Chronic stress 

 
-0.18 (0.84) 
-0.12 (0.88) 

 
 

0.05 (1.16) 
0.14 (1.16) 

 
 

0.42 (1.02) 
0.18 (1.11) 

Note: Adversity variables were standardized to mean 0 and standard deviation 1 to ease comparison 

 

Table 2 Bivariate associations between the adversities used in this study 

  
 Perinatal Age 0-5 Age 6-11 Age 12-14 Age 15-16 

 Number Number Overall Number Overall Number Chronic Number 

Age 0-5 
Number 
Overall 

 
0.21*** 
0.07 

 
 

0.21*** 
      

Age 6-11 
Number 
Overall 

 
0.21*** 
0.06 

 
0.53*** 
0.12** 

 
0.15** 
0.44*** 

 
 

0.15** 
    

Age 12-14 
Number 
Chronic 

 
0.08 
0.04 

 
0.11* 
0.10* 

 
0.15** 
0.11* 

 
0.12** 
0.09* 

 
0.23*** 
0.18*** 

 
 

0.64*** 
  

Age 15-16 
Number 
Chronic 

 
0.06 
0.07 

 
0.00 
0.00 

 
0.13** 
0.09* 

 
0.01 
0.03 

 
0.16*** 
0.06 

 
0.28*** 
0.28*** 

 
0.24*** 
0.31*** 

 
 

0.48*** 
Note: Perinatal, perinatal adversity; Age 0-5, adversity during age 0-5; Age 6-11, adversity during age 6-11; Age 
12-14, adversity during age 12-14; Age 15-16, adversity during age 15-16; Number, number of adversities; 
Overall, overall stress; Chronic, duration of adversities. The correlations were adjusted for smoking status, BMI 
and depressed mood.  
* p < .05; ** p < .01; *** p < .001.  
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Figure 1 a-c Illustrations of the effects of adversities on adolescents’ cortisol responses to social stress  
 
Figure 1a 
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Figure 1b 

Chronic stress during the past two years
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Figure 1c 

Perinatal x Age 6-11 Adversity
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Figure 1a is the graphical presentation of the cortisol response to social stress in adolescents with low, 
intermediate and high levels of perinatal adversity. Perinatal adversity increased the cortisol response (F3,1512 = 
5.56, p = .004) and overall level (F1,504 = 5.89, p = .02). Figure 1b illustrates the effect of chronic stress during 
the past two years on the cortisol response (F3,1512 = 3.84, p = .02), with separate lines for low, intermediate and 
high levels of chronic stress during the past two years. Figure 1c shows the graphical presentation of the 
interaction between perinatal adversity and adversity during age 6-11 on the cortisol response to social stress in 
adolescents, whereby the combination of both types of adversity was associated with a higher cortisol response 
(F1,491 = 9.35, p = .002).  
 

in life, and as such underscores the importance of perinatal programming of the HPA-axis for the 

expression of cortisol response later in life. This effect is probably due to a reduced feedback 

mechanism caused by a decrease of hippocampal glucocorticoid and mineralcorticoid receptors (see 

for review (Weinstock, 2005)). Several studies have reported associations between various perinatal 

adversities and HPA-axis hyperactivity during stress tasks in infancy (Brennan PA et al., 2008; Grant 

K. et al., 2009; Haley et al., 2006; O'Connor et al., 2005; Schuetze P et al., 2008)  and adulthood 

(Entringer et al., 2009), but did not take into account that some adversities, such as maternal 

psychopathology, are not restricted to the perinatal period but often continue throughout childhood 

and adolescence. By controlling for adversities later in life, we showed that the increased cortisol 

responses probably actually reflected long lasting effects of perinatal adversity, and not unmeasured 

adversity later in life.   

 Second, our finding of a diminished cortisol stress response in face of chronic stress during 

age 15-16 is consistent with other studies conducted in adolescents (MacMillan et al., 2009) and 

adults (Carpenter et al., 2007; Elzinga et al., 2008; Luecken et al., 2009). Although these studies did 

not specifically examine timing of childhood adversity, the adversities were all chronic of nature. 

Down-regulation of receptors at different levels of the HPA-axis, increased feedback sensitivity, and 

0 
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morphological changes (Heim et al., 2000b) could all explain the diminished response, which may not 

be permanent (Lupien et al., 2009). The frontal cortex is most likely to be affected by stress in this 

period: a smaller frontal cortex volume has been reported to be associated with abuse between at 

age 14-16 (Andersen et al., 2008). Our finding of  increased stress-sensitivity during early 

adolescence, is consistent with the findings that the transition into adolescence is accompanied by an 

increase in cortisol reactivity (Gunnar et al., 2009; Romeo, 2010a; Stroud et al., 2009) and a rise in 

prevalence of stress-related disorders in adolescence (Angold et al., 1998; Koenen & Widom CS, 

2009). A recent review on stress during adolescence (Romeo, 2010a) showed that stress causes 

distinct alterations in brain and behavior in adolescent animals, as opposed to adult animals. Whether 

this is also true in humans still needs to be investigated, as for the suggestion that this increased 

sensitivity makes adolescence an optimal intervention period to compensate for negative 

consequences of early adversity still needs to be investigated (Romeo, 2010a). The findings that girls’ 

stress response was affected by recent chronic stress regardless of perinatal adversities, while boys 

only showed a diminished cortisol response if they had experienced perinatal adversity, underscores 

the importance of early adolescence as a period in which sex differences start to emerge (Angold et 

al., 1998; Lenroot & Giedd JN., 2010; McCormick & Mathews IZ., 2007). This is probably due to the 

rise in sex steroid levels which induce sexually dimorphic organizational and stress-modifying effects  

 

 

 

Figure 2 Main effects of adversity during specific periods and interactions with perinatal adversity in the 

prediction of adolescents' HPA-axis functioning (cortisol levels and responses to social stress) 

 
 
 

 
 
 
 
 
 
 

 
 
a Perinatal adversities increased the cortisol response (F3,1512 = 5.56, p = .004) and overall level (F1,504 = 5.89, p 
= .02).  
b Chronic stress during the past two years (age 15-16) was associated with a diminished cortisol response (F3, 
1512 = 3.84, p = .02).  
c Regardless of sex and OC-use, the combination of perinatal adversities and adversities during age 6-11 was 
associated with an increased cortisol response (F1,491 = 9.35, p = .002).  
d,e In boys, the combination of perinatal adversities and adversities during age 12-14 was marginally associated 
with an increased cortisol response (F3,705 = 2.56, p = .08), while the combination of perinatal adversities and 
chronic stress during the past two years (age 15-16) was associated with a diminished cortisol response (F3,705 = 
3.29, p = .04) and lower levels (F1,235 = 5.91, p = .02).  
Note: Perinatal, perinatal adversity; 0-5, adversity during age 0-5; 6-11, adversity during age 6-11; 12-14, 
adversity during age 12-14; 15-16, adversity during age 15-16. 
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Table 3 General linear model predicting main effects of adversities on the cortisol response to social stress 

 Cortisol response  Cortisol level 

 F (df) P  F (df) P 

Group 13.20 (6,1512) <.0001  8.30 (2,504) <.0001 

BMI 2.30 (3,1512) .10  4.57 (1,504) .03 

Smoking 4.66 (3,1512) .01  5.99 (1,504) .02 

Current Mood 2.87 (3,1512) .06  0.14 (1,504) .70 

Adversities      

Perinatal  5.56 (3,1512) <.01  5.89 (1,504) .02 

Age 0-5 
Number  
Overall  

 
0.44 (3,1512) 
0.17 (3,1512) 

 
.64 
.85 

 
 

1.82 (1,504) 
0.23 (1,504) 

 
.18 
.63 

Age 6-11 
Number  
Overall  

 
0.29 (3,1512) 
1.36 (3,1512) 

 
.75 
.26 

 
 

1.72 (1,504) 
2.26 (1,504) 

 
.19 
.13 

Age 12-14 
Number  
Chronic  

 
2.13 (3,1512) 
0.94 (3,1512) 

 
.12 
.40 

 
 

1.14 (1,504) 
0.00 (1,504) 

 
.29 
.98 

Age 15-16 
Number  
Chronic  

 
0.16 (3,1512) 
3.84 (3,1512) 

 
.85 
.02 

 
 

1.54 (1,504) 
2.18 (1,504) 

 
.22 
.14 

Note: BMI, body mass index; Perinatal, perinatal adversity; Age 0-5, adversity during age 0-5; Age 6-11, 

adversity during age 6-11; Age 12-14, adversity during age 12-14; Age 15-16, adversity during age 15-16; 

Number, number of adversities; Overall, overall stress; Chronic, duration of adversities. 

 

on the prefrontal cortex and limbic structures (Garrett & Wellman CL., 2009; Lenroot & Giedd JN., 

2010; Lenroot et al., 2007) and influence HPA-axis activity (Lenroot & Giedd JN., 2010; McCormick & 

Mathews IZ., 2007). For example, hippocampus volume increase has been found to be larger in girls 

than in boys during puberty, while amygdala volume increase was larger in boys, consistent with the 

steroid receptor distribution in these brain structures (Giedd, 1996; Neufang S et al., 2009).  

Third, we found no main effect of childhood adversity before age 15 on cortisol responses 

to stress in our sample, which contrasts findings in late adulthood (mean age 63 years), in which 

individuals who were separated from their parents had increased cortisol responses to stress, 

especially those who experienced the separation between age 2-7 (Pesonen et al., 2010). However, 

results in adults and adolescents are not directly comparable, since deficits in HPA-axis related brain 

structures may not become apparent until in late adulthood when structures have matured (Andersen 

& Teicher MH, 2009; Carpenter et al., 2009; Isgor et al., 2004; Woon & Hedges DW., 2008) or 

changed dynamically over time (Trickett et al., 2010). Concurrent psychopathology may also 

contribute to the divergent findings in literature, as is illustrated by several studies reporting only 

associations of childhood adversity with altered HPA-axis functioning in participants with current 

depression or unresolved trauma (Cicchetti et al., 2010; Heim et al., 2000a; Pierrehumbert et al., 

2009).  
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Fourth, the significant interaction of perinatal adversity with childhood stress demonstrates   

for the first time in humans, stress-sensitization effects of perinatal adversity. Apart from 

programming effects, perinatal adversity renders individuals more sensitive to alterations of 

adolescents’cortisol stress response following childhood adversity (Mastorci et al., 2009). Previous 

studies have shown a synergistic effect of low birth weight (Nomura & Chemtob CM., 2007) and 

neonatal dysmaturity (Favaro et al., 2010) with childhood abuse in increasing the risk for psychiatric 

problems, possible due to involvement of an altered HPA-axis (Favaro et al., 2010). Only one study, 

to our knowledge, has examined the possible mediating role of the HPA-axis, with daytime cortisol 

profile as a measure of HPA-axis functioning. This study confirmed involvement of HPA system in the 

relationship between prenatal maternal anxiety and depressive symptoms in adolescence (Van den 

Bergh et al., 2008). Compared to daytime cortisol levels, the cortisol response to stress is considered 

a more relevant mechanism in stress-disease associations (Kudielka & Wüst S., 2010). However, 

whether a hyperactive HPA response during stress enhances the vulnerability to physical disease or 

mental health problems still remains to be examined. 

Fifth, the increased vulnerability for long-term alterations of the cortisol response following 

adversity due to perinatal programming of the HPA-axis was restricted to a specific age range. In 

both sexes, this was found specifically for age 6-11 (upregulation), and in boys also for age 12-14 

(upregulation) and 15-16 (downregulation). This variability in direction has been referred to as a 

'differentiation effect', and highlights the importance of timing of stress exposure during the 

development of the brain regions involved in regulating the HPA-axis (Lupien et al., 2009). The 

exaggerated activity after adversity during age 6-11 may be due to a combination of incomplete 

maturation of the negative feedback mechanism of the HPA-axis in prepuberty (Romeo, 2010a) and 

perinatal stress-induced alterations, and up-regulated corticotropin-releasing hormone (CRH) 

receptors in the amygdale (Tottenham & Sheridan, 2009). In boys, a marginally significant increased 

cortisol response in those experiencing perinatal adversity was also found after adversity at age 12-

14. Thus, the increased sensitization for adversities due to perinatal programming of the HPA system 

seems to cover a longer period in boys than in girls. This could be related to a combination of sex-

specific effects of prenatal adversity on brain development (Weinstock, 2007) and sexual dimorphic 

brain maturation trajectories (Lenroot et al., 2007), with girls developing faster than boys, as they 

reach total cerebral volume peak at 10.5 and boys at 14.5 years (Lenroot et al., 2007).  

Six, our findings suggest that adversities have similar effects on HPA-axis functioning in 

free-cycling girls and OC users. Although OC users did not display a cortisol stress response, 

compared to free-cycling girls, we found no protective or adverse effect of OC use in the context of 

adversity.  

 Implications and conclusions Both hypo- and hyper-responsiveness to stress have been 

associated with vulnerability to a variety of medical and mental diseases (Barker, 1995a; Erickson et 

al., 2003; Stokes, 1995)). Apart from the HPA-axis, perinatal adversity also have been shown to have 

lasting effects on gene expression, a process called epigenetics (Kapoor et al., 2006; McGowan et 

al., 2009; Oberlander et al., 2008; Weaver, I, 2009)), which explain how the early environment affects 

the adult phenotype(Gluckman PD et al., 2010). Since genetic influences operate throughout life 

(Schlotz & Phillips, 2009), studies disentangling genetic and fetal environmental factors on e.g., 
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cortisol response, behavior, and health, should investigate their interplay across development. 

Although this study did not investigate effects on gene expression or (mental) health outcomes, we 

do feel that the results call for prenatal care routines that advise mothers to adhere to a healthy diet 

and lifestyle and, when necessary, guide them to stress-reduction programs to prevent possible 

(mental) health risks for their child. Furthermore, our findings suggest that interventions in young 

adolescents exposed to chronic stress may lower the risk for future stress-related diseases and 

psychiatric disorders.  

In conclusion, this report highlights the importance of perinatal adversity in the long-term 

effects on HPA-axis regulation and sensitization to subsequent life stressors. The sex-specific 

sensitization to adversity after age 12 emphasizes puberty as a period in which sex differences in 

HPA-axis’ sensitivity to stress start to emerge. In addition, our results add to the accumulating 

evidence that (early) adolescents are particularly sensitive to stressful experiences and demonstrate 

the need to study the long-term effects of stress from the perinatal period throughout adolescence.  
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Abstract 

 

Studies regarding the interrelation of the HPA- and HPG-axis, and yesterday stress have not been 

investigated yet. The present study examined in an adolescent   sample of 246 never-smokers and 

100 daily cigarette smokers (> 5 cigarettes per day) the perceived and physiological stress responses 

to a laboratory social stress test. The The first aim of this study was to examine sex, menstrual 

phase, and OC use differences in relation to the effects of smoking status and yesterday stress on 

the stress responses. Second, we examined if yesterday stress modified the effect of smoking status 

on the stress-responses.  

 The heart rate stress-response was diminished in smokers. Smoking was associated with a 

total absence of a cortisol stress response in follicular girls, and not associated with the cortisol stress 

response in luteal girls. In boys, the smokers displayed a lower cortisol stress response compared to 

the never-smokers. In those reporting yesterday stress, higher cortisol levels in smokers, and lower 

levels in never-smokers were found. In those reporting yesterday stress heart rate stress-response 

was increased, irrespective of smoking status. 

 Our findings shed a new light on the interplay of background stress and cigarette smoking 

on functioning of the HPA-axis, and provide confirmation of the influence of ovarian hormones on the 

effects of smoking on functioning of the HPA-axis.  

 

3.1 Introduction 

 

Since chronic smokers often smoke their first cigarette during adolescence (Storr, 2008), this period 

is very relevant to study the effects of nicotine on one of the major stress systems that play a role in 

smoking onset (Rao et al., 2009), maintenance (Rao et al., 2009), relapse (al'Absi et al., 2005), and 

craving (Buchmann et al., 2010), namely the hypothalamic-pituitary-adrenal (HPA)-axis. Nicotine use 

and stress have a complex bidirectional relationship. Prior studies have indicated that whereas acute 

nicotine intake through cigarette smoking can be regarded as a stressor that activates the HPA-axis, 

the cortisol response to psychosocial stress is diminished in habitual cigarette smokers (Rohleder & 

Kirschbaum, 2006). Daytime cortisol levels have been reported to be higher in smokers than in 

nonsmokers, and to decrease abrupt after smoking cessation (Steptoe & Ussher, 2006). In addition, 

cigarette craving was positively related to magnitude of the cortisol stress response in adolescent 

daily smokers (Buchmann et al., 2010; Childs & de Wit, 2010), whereas a diminished cortisol stress 

responses 24 hours after cessation predicted smoking relapse (al'Absi et al., 2005). 

 Besides the HPA-axis, nicotine use also influences the hypothalamic-pituitary-gonadal 

(HPG)-axis, and vice-versa. For example, nicotine has been shown to reduce luteinizing hormone 

(LH) levels due to direct effects of nicotine on the (mediobasal) hypothalamic level (Fuxe et al., 1989), 

and to lower progesterone levels in men (Childs & de Wit, 2009). On the other hand, progesterone 

treatment has been found to suppress smoking urge in both male and female smokers, compared to 

placebo treatment (Sofuoglu et al., 2001; Sofuoglu et al., 2009). Furthermore, oral contraceptives 
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(OC) use has been reported to lower the craving for nicotine in women during the first two weeks of 

cessation (Dickmann et al., 2009).  

 Apart from interactions with nicotine, the HPG- and HPA-systems also interact with each 

other. For example, during the follicular phase, HPA-axis responses have been found to be lower 

than during the luteal phase of the menstrual cycle (Kirschbaum et al., 1995a; Kirschbaum et al., 

1999), although these findings did not replicate in adolescents (Bouma et al., 2009). Furthermore, OC 

use resulted in a blunted or linearly declining cortisol stress response in adults and adolescents, 

respectively (Bouma et al., 2009; Kirschbaum et al., 1999). Compared to men, women seem to 

progress to nicotine dependency more rapidly (Storr, 2008) and are less likely to quit smoking or 

maintain smoking cessation (Perkins & Scott, 2008), with variations in nicotine dependency (Allen et 

al., 2009; Snively et al., 2000) and craving (Allen et al., 2010; Carpenter et al., 2006; Lynch, 2009) 

across the menstrual cycle. With this in mind, it is conceivable that ovarian hormones and OC use 

modulate the effect of smoking on the cortisol stress response, thereby (partly) explaining the 

differential effects of sex and menstrual cycle phase on nicotine dependency, but this has yet to be 

investigated. The few studies that have examined sex differences in adults (Back et al., 2008; 

Rohleder & Kirschbaum, 2006) and adolescents (Buchmann et al., 2010), showed a diminished 

cortisol stress response in both female and male smokers (Buchmann et al., 2010; Rohleder & 

Kirschbaum, 2006), or in women only (Back et al., 2008). These studies used relatively small 

samples sizes, and none controlled for menstruation cycle phase or OC use. Hence, it still remains to 

be answered whether menstrual cycle phase and OC use modulate the relationship of smoking and 

HPA functioning.  

 Repeated exposure to psychosocial stress has been associated with a decrease of the 

cortisol response (Deinzer et al., 1997; Kirschbaum et al., 1995b). For example, Kirschbaum et al. 

(Kirschbaum et al., 1995b) showed that repeated administration of the same psychosocial stressor a 

day later, led to a diminished cortisol response. Similar results were reported for repeated parachute 

jumping within one day (Deinzer et al., 1997). This decreased response after repeated stress has 

often been referred to as habituation (Andreen et al., 2005; Schommer et al., 2003; Wust et al., 

2005), although the term desensitization is more appropriate when the subjectively experienced 

stress remains unaltered (Cyr & Romero, 2009; Grissom & Bhatnagar, 2009). In a small percentage 

of the participants unchanged or increased responses to repeated stress (further referred to as 

sensitization) have also been observed (Deinzer et al., 1997; Kirschbaum et al., 1995b; Schommer et 

al., 2003; Wust et al., 2005). Failure to habituate to repeated stress has been suggested to reflect a 

maladaptive mechanism, which may lead to health problems (McEwen, 1998). The effect of repeated 

psychosocial stress on the cortisol stress response has been researched, but not with regard to 

smoking status (Hughes & Higgins, 2010). As suggested by Hughes and Higgins (Hughes & Higgins, 

2010), a relation between smoking and deleterious patterns of cortisol reactivity to repeated stress 

might offer new insights on the impact of smoking and stress on increased risk for disease. 

Furthermore, although influences of sex, menstrual cycle and OC use on the cortisol stress response 

have been studied, this has, as far as we are aware of, not been done with regard to the cortisol 

response to repeated psychosocial stress (Andreen et al., 2005; Deinzer et al., 1997; Kirschbaum et 

al., 1995b; Schommer et al., 2003; Wust et al., 2005). Profound sex differences have been found in 
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stress-related disorders (Angold et al., 1998; Koenen & Widom CS, 2009), especially after puberty 

onset (Young & Altemus, 2004), and stress sensitivity has been known to change during the 

menstrual cycle (Goldstein et al., 2010; Ossewaarde et al., 2010). Therefore, sex differences and 

OCs effects should be elucidated. 

In sum, nicotine smoking has been shown to affect both the HPA- and HPG-axis, but to 

date no study has examined modulating effects of menstrual phase or OC use on the association of 

smoking and the HPA-axis. Furthermore, the influence of psychosocial stress on the day before the 

social stress task (further referred to as ‘yesterday stress’) on the effects of smoking has not been 

investigated yet. The present study addresses these gaps, in a large sample of adolescents recruited 

from the general population study TRAILS. First, we examined sex, menstrual phase, and OC use 

differences in relation to the effects of smoking status on cortisol responses to a social stressor. We 

also examined sex, menstrual phase, and OC use differences in the effect of yesterday stress on the 

cortisol stress response. Second, we examined if yesterday stress modified the effect of smoking 

status on the cortisol stress response. Third, to test if results are specific for the HPA system, we also 

examined the cardiovascular and subjective stress responses.  

 

3.2 Methods 

 

3.2.1 Study population 

 

The data were collected in a focus sample of TRAILS (TRacking Adolescents’ Individual Lives 

Survey), a large prospective population study of Dutch adolescents from age 11 to at least 25. Thus 

far, three data waves have been completed: T1 (2001-2002, N = 2230), T2 (2003-2004, N = 2149) 

and T3 (2005-2007, N = 1816. For a more detailed description of this cohort please see (Huisman et 

al., 2008). Information of smoking behavior was obtained as part of the T3 questionnaire, by means 

of questions regarding the frequency and amount of current (last month) and lifetime cigarette use. At 

T3, a subgroup of the participants was invited to participate in an experimental session on top of the 

usual assessments 15. The present study included 246 never-smokers and 100 daily cigarette 

smokers (> 5 cigarettes per day) who participated in this session (mean age = 16.05, SD = 0.59). For 

clarity’s sake, adolescents who had quit smoking, and those who smoked fewer than 5 cigarettes per 

day or smoked only occasionally, were left out of consideration (N=273). In addition, we excluded 

adolescents with missing data on cortisol (N=6), smoking (N=19), OC use (N=2), menstrual cycle 

phase (N=4), or yesterday stress (N=2), as well as adolescents who used medication that might 

affect the HPA-axis (N=25) or autonomic nervous system (N=4) (Holsboer & Barden, 1996), or had 

an irregular menstrual cycle or a cycle not between 21 and 35 days (N=35). The study protocol was 

approved by the Central Committee on Research Involving Human Participants (CCMO), and written 

informed consent was provided by each participant. Participants were remunerated for their time and 

travel expenses and received a reward. 
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3.2.2 The experimental session 

 

The experimental session consisted of a number of different challenges (in chronological order: 

orthostatic stress, spatial-orienting task, gambling task, startle-reflex task, and social stress task). The 

session started around 9.00 a.m. (50%) or around 2.00 p.m., and was preceded and followed by a 

40-minute rest period. Extensively trained test-assistants assessed cardiovascular measures and 

cortisol. Participants refrained from heavy physical activities the day prior to the laboratory tasks, and 

abstained from smoking and from using coffee, milk, chocolate, and other sugar-containing foods in 

the two hours before arrival. Before this, smoking was allowed ad libitum. The session took place in a 

sound-proof room with blinded windows at selected locations in the participants’ residence towns.  

 

3.2.3 The Groningen Social Stress Test (GSST) 

 

The Groninger Social Stress Test (GSST) involves a standardized protocol, inspired by, but not 

identical to, the Trier Social Stress Task (Kirschbaum C et al., 1993). Participants were instructed to 

prepare a six minute speech about themselves and their lives, and to 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 ranked by a panel of peers after the experiment. 

Participants had to speak for six minutes continuously, while the test-assistant watched the 

performance critically without showing any empathy or encouragement. The speech was followed by 

a three-minute interlude in which the participants were not allowed to speak. Subsequently, they were 

asked to perform a mental arithmetic task. The participants had to repeatedly subtract the number 17 

from a larger sum, starting with 13278, during which the test assistant gave repeated negative 

feedback (e.g., “No, wrong, begin at 13278”, “You are too slow, start again”). This task lasted for six 

minutes, again followed by three-minute period of silence, after which the participants were 

thoroughly debriefed about the experiment.   

 

3.2.4 Measures 

 

Oral contraceptives use and menstrual cycle phase. Current use of OC (N = 63) and menstrual phase 

were assessed at the experimental day, and pill type and name were asked as part of the T3 

questionnaire. Girls used monophasic OC (ethinylestradiol and progestin, n = 34), tri-phasic OC (n = 

6), and the ‘Diane’ pill (cyproteronacetaat, a progestin, n = 3). Nine girls did not know what type of pill 

they used. Menstrual phase (follicular or luteal) was calculated on the basis of the first day of last 

menses and cycle length. Only free-cycling girls with a regular cycle (between 21 and 35 days, N = 

97) were included. Shorter or longer cycles are generally reflected in the follicular phase, rather than 

in the luteal phase (Debon et al., 1995; Fox, 1999). Therefore, 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 = 48), while 

the luteal phase was defined as the last fourteen days of the cycle (N = 49).  

 Yesterday stress. Stress experienced the day before the experiment took place was 

assessed at the start of the experimental day. Participants could rate the amount of stress 
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experienced on a 3-point scale (1=less than usual, 2= usual, 3= more than usual). The variable 

yesterday stress was dichotomized into low/average stress (score <=2) versus high stress (score = 

3), since we expected meaningful differences between high and average/low levels of subjective 

experienced stress. 

 Salivary cortisol collection. The HPA-axis response to the GSST was assessed by four 

cortisol samples, immediately before the start of the GSST, directly after the end of the test, 20 

minutes after the test, and 40 minutes after the test. Considering the normal delay (20-25 minutes) in 

peak cortisol responses to experimental stressors (Kudielka & Wüst S., 2010), all samples reflect the 

HPA-axis response about 20 minutes earlier. Saliva cortisol was assessed by the Salivette sampling 

device (Sarstedt, Numbrich, Germany) and stored after the session at -20 °C until analyses. Cortisol 

was measured directly in duplicate in 100 µl saliva using an in-house radioimmunoassay (RIA) 

applying a polyclonal rabbit cortisol antibody and 1,2,6,7 3H Cortisol (Amersham) as tracer. After 

incubation for 30 minutes at 60°C, the bound and free fractions were separated using activated 

charcoal. Intra- and inter-assay coefficients of variation for the assays were 5.6.-12.6%. Missing 

experimental samples (N = 11) due to lab detection failures or insufficient saliva in the tubes, as well 

as outliers (≥ 5 SD above the mean) were imputed on the basis of the (gender-specific) group mean 

and standard deviation for the missing cortisol sample and the mean of participant’s other (non-

missing) cortisol samples.  

Heart rate. Heart rate (HR) was recorded during and after the GSST in four blocks: speech 

preparation (240s), speech (360s), mental arithmetic (360s), and post test (300s). 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. With a BIOPAC Amplifier-System 

(MP100), the signals were amplified and filtered before digitization at 250 samples/s. Dedicated 

software (PreCARSPAN) was used to check signal stationarity, correct for artifacts, detect R-peaks, 

and calculate the interbeat-interval (IBI) between two heartbeats. IBI is inversely related to HR by the 

equation HR = 60000/IBI. Blocks were considered invalid if they contained artifacts with duration of 

more than 5 seconds, if the total artifact duration was more than 10% of the registration, or if the 

block length was less than 100 seconds. Missing heart rate recordings (N = 4) were due to recording 

failure or signal-analysis failure, and imputed in a similar way as described above for cortisol levels. 

Complete data for heart rate measurements were available from 335 participants. 

 Subjective arousal. Subjective arousal was assessed by means of the Self-Assessment 

Manikin (SAM), a non-verbal pictorial assessment method (Bradley & Lang, 1994). Participants could 

rate their arousal on a 9-point scale ranging from 1 (totally aroused) to 9 (not at all aroused). Pretest 

subjective arousal GSST was assessed before the start of the experimental session after 40 minutes 

of rest, arousal during the test directly after the GSST, with reference to the test, and posttest arousal 

40 minutes after the GSST. Complete data for subjective arousal were available from 340 

participants.  

 Other variables. Depressive symptoms and BMI were assessed on average 0.3 months 

(SD = 4.90) before the experimental session as part of the regular T3 data wave measurements. 

Depressive symptoms were measured by the mean item score of the Youth Self-Report (YSR) 

Affective Problems Scale (Cronbach’s α = .77) (Achenbach TM & Rescorla LA, 2001), a self-reported 
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evaluation of the adolescent’s emotional and behavioral problems in the past six months. Physical 

activity within the past 24 hours was assessed at the day of the experiment.  

 

3.2.5 Statistical analysis 

 

Means and standard deviations of all variables were calculated separately for never-smokers and 

smokers by t-tests and χ2-tests in 2x2 tables. The cortisol variables were log-transformed (natural 

logarithm) to approach a normal distribution before analysis. Skewness and kurtosis of heart rare 

data were within the normal ranges.  

 Repeated-measures General Linear Models (GLM) were conducted with, respectively, 

cortisol, heart rate, and subjective arousal as dependent variables, and group (boys versus follicular 

girls versus luteal girls versus OC users), smoking status (smokers versus never-smokers), and 

yesterday stress (high versus low) as between-subjects variables. The effects of these between-

subjects variables were examined with regard to both the overall level and the response (i.e., change 

in level) of cortisol, heart rate, and subjective arousal. First, sex, menstrual phase, and OC use 

differences in relation to the effects of smoking status and yesterday stress on physiological and 

subjective responses to the GSST were examined, by testing the two-way interactions of group by 

smoking status, and group by yesterday stress. In case of group differences, posthoc analyses were 

conducted separately for each group to examine the nature of the differences in more detail. Second, 

in a separate set of analyses, we examined if smoking modified the effect of yesterday stress on the 

physiological and subjective responses to the GSST. Small group sizes prevented examining the 

three-way interaction of group by smoking by yesterday stress. Finally, we examined if the effects 

found might have been due to confounding by depressive symptoms, BMI, recent physical activity, 

and time of the experiment (morning, afternoon). Within-subjects effects were corrected by the 

Greenhouse-Geisser procedure. In case of significant effects, the partial eta squared (ηp2) was 

reported as effect size, following Cohen’s (Cohen J, 1988) guidelines to signify small (0.01- 0.06), 

medium (0.06-0.14), and large (> 0.14) effects. A p-value <.05 was considered statistically significant.  

 

3.3 Results 

 

3.3.1 Descriptive characteristics 

 

Mean scores of the variables used are shown in Table 1. The percentage of participants that were 

boys, follicular or luteal girls did not differ by smoking status, but smokers were more likely to be OC 

users than adolescents who had never smoked. Smokers had more depressive symptoms than never 

smokers. Smokers and never smokers did not differ with regard to age, BMI or with regard to the 

frequency of recent physical activity and yesterday stress. 
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3.3.2 Subjective arousal to social stress 

 

The groups did not differ in their subjective response or overall levels (F6,664) = 0.82, p = .55; 

F(3,332) = 1.22, p = 0.30). Similarly in all groups, the GSST significantly increased subjective arousal 

(F(2,664) = 78.22, p < .001, ηp2 = 0.19). Both the interactions of group by smoking status and the 

interaction of group by yesterday stress were non-significant for the subjective arousal responses 

(F(6, 652) = 0.64, p = .70; F(6, 652) = 1.56, p = .16, respectively) and overall levels (F(3,326) = 0.19, 

F(3,326) = 0.13, p = .94, p = .90, respectively). Across all groups, smokers and never-smokers 

differed in their subjective response to the GSST (F(2,644) = 3.17, p = .04, ηp2 = .009), but not in 

overall levels of reported arousal (F(1,332) = .003, p = .96). As shown in Figure 1, never-smokers 

displayed a lower return level after the GSST, compared to smokers. The main effect of yesterday 

stress was non-significant for subjective responses (F(2,664) = 0.80, p = .44) and overall levels 

(F(1,332) = 2.43, p = .12). Smokers and never-smokers did not differ in the effect of yesterday stress 

on the subjective response and overall levels (F(2,662) = 0.10, p = .90; F(1,331) = 1.70, p = .19, 

respectively). 

 

Table 1 Demographic characteristics of the study sample   

 

Never-smokers 

(N=246) 

Smokers 

(N=100) 

Boys/follicular girls/luteal girls/OC users 144/38/39/25 42/10/10/38*** 

Age  15.53 (0.64) 15.65 (0.72) 

Current depressed mood   0.23 (0.24) 0.35 (0.26)*** 

BMI (kg/m2) 21.02 (3.12) 21.46 (3.11) 

Recent physical activity (no/yes) 186/85 52/15 

Yesterday stress (no/yes) 215/31 88/12 

 

3.3.3 Heart rate responses to social stress 

 

The heart rate responses and overall levels differed among the groups as well (F(9,987) = 8.28, p < 

.001, ηp2 = 0.07; F(3,329) = 9.47, p < .001, ηp2 = 0.08, respectively). Boys displayed lower heart rate 

responses and levels than follicular girls, luteal girls and OC users.  

 Both the interaction of group by smoking status and the interaction of group by yesterday 

stress were non-significant for the heart rate response (F(9,969) = 1.31, p = .24; F(9,969) = 0.76, p = 

.63, respectively), and overall heart rate levels (F(3,232) = 0.26, p = .86; F(3,232) = 1.72, p = .16, 

respectively). Similarly in all groups, smokers and never-smokers differed with respect to the heart 

rate response (F(3,987) = 15.34, p < .001, ηp2 = 0.05) and overall heart rate levels (F(1,329) = 16.39, 

p < .001, ηp2 = 0.05). As Figure 2a shows, smokers displayed a diminished heart rate response and 

lower overall levels than never-smokers. Yesterday stress also influenced heart rate responses 
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(F(3,987) = 5.71, p = .002, ηp2 = 0.02), but not overall levels (F(1,329) = 0.56, p = .45), similarly in all 

groups. Adolescents who experienced yesterday stress displayed an increase heart rate response to 

the GSST, compared to those without yesterday stress (Figure 2a). Smokers and never-smokers did 

not differ in the effect of yesterday stress on heart rate and overall levels (F(3,984) = 0.70, p = .52; 

F(1,328) = 1.70, p = .19, respectively). 
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Figure 1 Effect of smoking status on subjective arousal response to the psychosocial stress test 

 

3.3.4 Cortisol responses to psychosocial stress 

 

Both cortisol responses and overall cortisol levels differed among the groups (F(9,1002) = 3.24, p = 

.005, ηp2 = 0.03; F(3,334) = 3.42, p = .02, ηp2 = 0.03, respectively). Boys showed a stronger cortisol 

response with higher levels to the GSST, compared to follicular and luteal girls. OC-users did not 

display a cortisol response; their cortisol levels decreased more or less linearly during the GSST (see 

for more details(Bouma et al., 2009)).  

 The interaction of group by smoking status was marginally significant for cortisol responses 

(F(9,1002) = 1.91, p = .08, ηp2 = 0.02), and non-significant for levels (F(3,334) = 0.30, p = .83). 

Similarly in all groups, smokers and never-smokers had comparable cortisol levels (F(1,334) = 0.21, p 

= .40). As concerning cortisol responses, follow-up tests showed a significant main effect of smoking 

status in boys (F(3,549) = 3.01, p = .05, ηp2 = 0.02), and follicular girls (F(3,135) = 7.18, p = .002, ηp2 

= 0.14), but not in luteal girls (F(3,138) = 0.73, p = .44), and OC users (F(3,180) = 0.34, p = .71). As 

Figure 3 shows, smoking boys had a diminished cortisol response compared to non-smoking boys, 

while in follicular girls, smokers did not display a cortisol response at all to the GSST, comparable to 

OC-using girls.   

0 
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 The interaction of group х yesterday stress was significant for the cortisol response and 

overall levels (F(9,1002) = 2.25, p = .04, ηp2 = 0.02; F(3,334) = 4.47, p = .004, ηp2 = 0.04, 

respectively). Follow-up tests showed that the effect of yesterday stress on the cortisol response was 

marginally significant in follicular girls (F(3,135) = 2.87, p = .07, ηp2 = 0.06), but not in boys (F(3,549) 

= 1.51, p = .22), luteal girls (F(3,138) = 1.61, p = .21), and OC users (F(3,180) = 1.24, p = .29). The 

effect of yesterday stress on cortisol levels was significant in luteal girls (F(1,46) = 4.94, p = .03, ηp2 = 

0.10), marginally significant in follicular girls (F(1,45) = 3.85, p = 0.06, ηp2 = 0.08) and OC users 

(F(1,60) = 3.04, p = .09, ηp2 = 0.05), and non-significant in boys (F(1,183) = 0.36, p = .55). As Figure 

4 shows, follicular girls with yesterday stress did not display a cortisol response, while in luteal girls 

overall levels were higher in those with yesterday stress than those without yesterday stress.  

 Smokers and never-smokers did not differ in the effect of yesterday stress on the cortisol 

response (F(3,942) = 1.05, p = .35), but did differ in the effect of yesterday stress on overall cortisol 

levels (F(1,333) = 15.41, p < .001, ηp2 = 0.04). As Figure 2b shows, yesterday stress was associated 

with lower overall cortisol levels in never-smokers (F(1,238) = 6.37, p = .01, ηp2 = 0.03), but with 

increased overall cortisol levels in smokers (F(1,92) = 15.08, p < .001, ηp2 = 0.14).  

 

3.3.5 Post hoc analyses to address potential confounders 

 

Depressive symptoms, BMI, and time of the experiment may influence both smoking behavior and 

subjective and physiological responses to social stress (Kudielka & Wüst S., 2010; Rao et al., 2009; 

Yeragani et al., 2002). Repeating the analyses while adjusting for depressive symptoms, BMI, recent 

physical activity, and time of the experiment (morning, afternoon) did not alter our findings.  

 

3.4 Discussion 

 

Sex or menstrual phase differences in the effect of smoking on cortisol stress responses may 

contribute to the differential effects of sex and menstrual cycle phase with regard to nicotine 

dependency. Furthermore, smoking could be related to unhealthy patterns of cortisol reactivity to 

repeated psychosocial stress. The first aim of this study was to examine sex, menstrual phase, and 

OC use differences in the effect of smoking and yesterday stress on cortisol, heart rate and 

subjective arousal responses to a social stressor. The second aim was to examine if yesterday stress 

modified the effect of smoking on cortisol, heart rate and subjective arousal responses to social 

stress.  

 In this study, cigarette smoking was associated with an absence of cortisol stress response 

in follicular girls, and with a reduced cortisol stress response in boys, while no effect was found in 

luteal girls and OC users. These results demonstrate that the HPA-axis is more sensitive to the 

impact of smoking in follicular girls than in boys, luteal girls and OC users. As such, our findings add 

to existing literature suggesting that ovarian hormones underlie the enhanced sensitivity of girls to the 

effect of nicotine (Dluzen & Anderson, 1997; Gray et al., 2010), and extend this to the HPA-axis. As  

mentioned previously, reactive craving to smoking cues was found to be higher during the follicular 

phase than the luteal phase (Gray et al., 2010), and administration of progesterone during 
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Figure 2a  
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Figure 2b 
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Figure 2 a-b Effects of smoking status and yesterday stress on heart rate (Figure 2a) and cortisol (Figure 2b) 

response to the psychosocial stress test. Data represent mean ± standard errors of the mean (SEM) 
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Figure 3a 
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Figure 3b 
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Figure 3a-d Effect of smoking status on cortisol response to the psychosocial stress test in boys, follicular girls, 

luteal girls, and OC users. Data represent mean ± standard errors of the mean (SEM). 
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Figure 3c 
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Figure3d 
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Figure 3a-d Effect of smoking status on cortisol response to the psychosocial stress test in boys, follicular girls, 

luteal girls, and OC users. Data represent mean ± standard errors of the mean (SEM). 
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Figure 4a 
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Figure 4b 

Follicular Girls

1

2

3

4

5

6

7

8

9

10

pretest during test end of test post test

M
e

a
n

 c
o

rt
is

o
l 
(n

m
o

l/
l)

No Yesterday Stress, N = 41

Yesterday Stress, N = 7

 
Figure 4a-d Effect of yesterday stress on cortisol response to the psychosocial stress test in boys, follicular girls, 

luteal girls, and OC users. Data represent mean ± standard errors of the mean (SEM). 
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Figure 4c 
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Figure 4d 
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Figure 4a-d Effect of yesterday stress on cortisol response to the psychosocial stress test in boys, follicular girls, 

luteal girls, and OC users. Data represent mean ± standard errors of the mean (SEM). 
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the follicular phase reduces craving (Sofuoglu et al., 2001). Our findings of cigarette smoking 

associated with a total absence of a cortisol stress response in follicular girls, and not associated with 

the cortisol stress response in luteal girls, are in accordance with these reports. Our finding of 

cigarette smoking associated with a reduced cortisol stress response in boys, is in line with prior 

findings in adolescents (Buchmann et al., 2010) and adults (al'Absi et al., 2003; Childs & de Wit, 

2009). In adults, smoking was associated with a total lack of response instead of a reduced one. 

Assuming that smoking adults have, on average, smoked for a longer time than adolescents, this 

suggests a dose-response effect of cigarette smoking on the cortisol stress response. The diminished 

heart rate response with overall lower levels in smokers compared to never-smokers is in line with 

previous reports of a blunted cardiovascular response to a stressor in smokers (al'Absi et al., 2003; 

Childs et al., 2010; Phillips, 2009; Roy et al., 1994). It seems that smokers are characterized with a 

diminished reactivity in both the HPA-axis and the cardiovascular system. While a diminished cortisol 

responses have been related to early smoking relapse (al'Absi et al., 2005; al'Absi, 2006), blunted 

heart rate responses have been found to predict future depressive symptoms (Phillips AC et al., 

2010). Whether the reported association with depressive symptoms is due to smoking habits or to 

pre-existing disturbances is an interesting topic for further study. Taken together, low physiological 

reactivity to stress is associated with poor outcomes. Although smokers and never-smokers had 

similar levels of subjective arousal before the social stress test, arousal levels 40 minutes after the 

stress test were higher in smokers than in never-smokers. This prolonged arousal has also been 

reported in other studies (Childs & de Wit, 2009; Perkins et al., 1992; Tsuda et al., 1996).  

The effect of stress during the day prior to testing on the cortisol responses and levels 

differed among boys, follicular girls, luteal girls and OC users. The rate of dissociation of cortisol is 

promoted by the progesterone binding effects to cortisol receptors, thereby diminishing the 

effectiveness of the HPA-axis feedback (Rousseau et al., 1972; Svec, 1991). This may account for 

the higher cortisol levels in luteal girls after yesterday stress. On the other hand, estrogens and 

ethinylestradiol induce the synthesis of corticoid binding globulin (CBG), which can bind free cortisol 

(Moore et al., 1978; Siiteri et al., 1982; Wiegratz et al., 2003). This may explain our finding of slightly 

lower cortisol levels after yesterday stress in OC using girls. Comparable to OC-using girls, follicular 

girls exposed to yesterday stress had (marginally significant) lower cortisol levels. Follicular girls are 

characterized with low estrogen and progesterone levels early in the follicular phase, with estrogen 

levels are rising during the late follicular phase. The sample size prevented examining effects of 

repeated psychosocial stress during these two periods separately, so we could not assess whether 

the effect was due to estrogens or the absence of progesterone. Our finding of an increased heart 

rate response in adolescents with yesterday stress, compared to those without yesterday stress, is in 

contrast with findings in adults that reported no habituation or sensitization effects to repeated 

psychosocial stress (Schommer et al., 2003). Relatively little is known about habituation effects in 

adolescence or in girls in different menstrual cycles. Our findings suggest an increased sensitivity of 

the cardiac autonomic system for repeated psychosocial stress during adolescence. With regard to 

cortisol measurements, we found a habituation effect in follicular girls, but a sensitization effect in 

luteal girls. Yesterday stress did not influence the subjective arousal during the social stress test, 

which suggests that there are no psychological habituation effects to repeated psychosocial stress.  
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 Stress exposure on the day prior to testing resulted in lower overall cortisol levels in never-

smokers, and in higher levels in smokers. These results suggest differences in habituation-

sensitization effects in smokers and never-smokers, although the term desensitisation and 

sensitisation may be more appropriate, since subjective arousal was not affected by yesterday stress. 

Loft et al. (Loft et al., 2007) reported lower cortisol levels and a higher heart rate reactivity following a 

CO2 inhalation test in students (mean age 21 years) prior to an examination period compared to 

students in a regular academic period. The findings of Loft et al. (Loft et al., 2007) are consistent with 

our findings of lower overall levels in never smokers with yesterday stress, and with an increased 

heart rate response in never smokers and smokers. The higher cortisol levels in smokers after 

yesterday stress might be caused by increased smoking consumption during stress and as a result, 

higher cortisol levels (Seyler et al., 1984). We did not collect information on the amount of cigarettes 

smoked prior to and on the experiment day, and hence could not explore this possibility, but Childs 

and De Wit (Childs & de Wit, 2010) showed that psychosocial stress only increased the desire to 

smoke, not daily cigarette consumption, which curbs the likelihood of this explanation. An alternative 

explanation for the interaction between smoking and yesterday stress is that the duration of increased 

circulating levels of cortisol is prolonged when a stressor is immediately followed by cigarette 

smoking (Pomerleau & Pomerleau, 1991). Additionally, repeated stress exposure has been 

documented to increase the ability of nicotine to activate the HPA-axis (Lutfy et al., 2006). 

Furthermore, we found that yesterday stress increased overall heart rate levels in male smokers, but 

not in male never smokers. These are all intriguing findings. While it is commonly assumed that 

smokers’ increased risk for cardiovascular disease is not due to increased stress reactivity (Phillips, 

2009), our findings shed a new light on this perspective. However, our findings that in those reporting 

yesterday stress, cortisol levels during stress are increased during a social stressor in smokers, has 

not been reported previously and as such should be interpreted with caution until replicated.  

This study compared groups exposed to a natural stressor and a controlled laboratory 

stressor in never smokers and smokers. Furtherrmore, by investigating the effects of sex, menstrual 

cycle and OC use in the effects of yesterday stress and smoking status, we contribute to the literature 

investigating how stress regulation is affected by background stress and smoking behavior.  
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Abstract 

 

Studies regarding the interrelation of perceived and physiological stress indices have shown 

diverging results. Using a population sample of adolescents (N=715, 50.9% girls, mean age 16.11 

years, SD=0.59), we tested three hypotheses: (1) perceived responses during social stress covary 

with concurrent physiological stress responses; (2) high pretest levels of perceived stress predict 

large physiological responses; and (3) large physiological responses to social stress predict low 

posttest perceived stress levels. Perceived arousal, unpleasantness, and dominance were related to 

heart rate, respiratory sinus arrhythmia, and cortisol responses to a laboratory social stress test. 

Although effect sizes were small, the results suggest covariation of perceived stress and concurrent 

physiological stress responses in both the ANS and the HPA axis, as well as inverse associations 

between heart rate responsiveness and the subsequent appraisal of stress. 

 

4.1 Introduction 

 

Stress is an umbrella term which designates divergent symptoms such as rapid heartbeat, dizziness, 

pains, nervousness, agitation, irritability, worrying, concentration problems, and moodiness. That all 

of these symptoms are referred to as stress suggests that they reflect a single underlying 

mechanism. The extent to which various stress indicators are actually related to each other 

determines the generalizability of a single stress measure to stress in a broader sense. Because 

physiological stress indices are harder to assess than psychological ones, perceived stress is often 

the initial or even only measure of states of stress, both in research and in clinical practice. It is 

therefore important to assess whether and how various psychological and physiological stress indices 

are interrelated. This study explores these interrelationships in a large sample of adolescents. 

 In the first half of the twentieth century, Selye, often considered the father of stress 

research, discovered that a variety of different physical stimuli (e.g., cold, pain, toxic agents, extracts 

of organs) led to similar physical consequences, that is, degeneration of lymphatic structures, gastric 

ulceration, and increased activity of the adrenal cortex. He postulated these responses to be 

universal and non-specific, and called them the general adaptation syndrome or GAS (Selye, 1936)). 

Selye's notion of a universal stress response has been criticized for being an oversimplification of the 

reality. Mason (Mason, 1968; Mason, 1971) and others after him (Dickerson & Kemeny, 2004; 

McCarty & Gold, 1996)) noted that not all stress phenomena are nonspecific: some are only triggered 

if the stimulus requires specific demands to be met. In other words, stress systems may respond to 

variable degrees and in variable combinations to stressors, depending on the nature of the stressor 

(Ulrich-Lai & Herman, 2009). In fact, there is increasing evidence that the two major stress systems of 

the body, the autonomic nervous system (ANS) and the hypothalamic-pituitary-adrenal (HPA) axis, 

are more dissociated than is often assumed: high ANS reactivity does not necessarily imply high 

HPA-axis reactivity (Gerra et al., 2001; Schommer et al., 2003)), and vice versa. 

 Selye was also criticized because he had excluded psychosocial stressors from his 

research, and ignored that a stressor may also evoke emotional arousal. Mason (Mason, 1971) and 
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Mikhail (Mikhail, 1981) proposed that, rather than the stressor itself, the emotional response to the 

stressor generates stress phenomena. Lazarus and Folkman (Lazarus, 1966; Lazarus & Folkman, 

1984) also focused on the psychological dimension of the stress response. They emphasized the 

importance of the appraisal of the situation and stated that physiological stress phenomena appear 

only if the situation is perceived as potentially damaging and hard to manage. Today, the 

psychological processes provoked by a (psychosocial) stressor are still believed to constitute the 

bridge between stressor and stress response (Van Praag et al., 2004). 

 If the appraisal of the potentially stressful stimulus is the major determinant of the stress 

response, one might expect a strong positive association between the perceived stressfulness of a 

situation and the strength of the physiological stress responses. This hypothesis is consistent with the 

linkage of the ANS and HPA-axis with cortical and limbic structures, important mediators of 

subjectively experienced stress (Buijs & Van Eden, 2000; Schlotz et al., 2008)). However, despite the 

intuitive and neurological plausibility of a close link between perceived stress and physiological stress 

responses, associations reported between the two are generally weak and divergent (Cohen et al., 

2000; Hjortskov et al., 2004; Lackschewitz et al., 2008; Schlotz et al., 2008). Schommer and 

colleagues noted that “this dissociation between subjective and biological indices of stress is most 

interesting from a psychosomatic point of view. Unfortunately, few experimental data are available to 

help explain why outflow from these different response levels hardly ever converges consistently” 

(Schommer et al. (Schommer et al., 2003), p. 458). Indeed, interrelationships between psychological 

and physiological stress indices have rarely been examined systematically, with a few notable 

exceptions. Al’Absi et al. (al'Absi et al., 1997) evaluated cardiovascular, HPA-axis, and psychological 

responses to public speaking and mental arithmetic, and found substantial correlations between 

psychological and HPA-axis responses, particularly during public speaking. By contrast, Gaab, 

Rohleder, Nater, and Ehlert (Gaab et al., 2005) reported that cortisol responses to social stress were 

particularly associated with anticipatory stress appraisal (perceived threat), not with (retrospective) 

ratings of perceived stress during the test. Schlotz et al. (Schlotz et al., 2008) reported positive 

correlations between psychological stress measures and cortisol levels when psychological stress 

was assessed before cortisol, and negative correlations when the order was reversed. Though 

intriguing, these findings need replication and extension, not only because of the partly contradictory 

reports regarding temporal processes, but also because of methodological limitations of the studies. 

Al' Absi et al.'s and Gaab et al.'s results were based on small (N=52 and N=81, respectively) samples 

of male volunteers, while all females (58%) in Schlotz' study (total N=219) used oral contraceptives, 

which are known to affect cortisol responses (Bouma et al., 2009)). Furthermore, Gaab et al. and 

Schlotz et al. examined only the HPA-axis and no cardiac autonomic responses, and Gaab et al. 

used different measures for anticipatory versus retrospective stress appraisal. In other words, prior 

studies suggest interesting patterns of associations, but still with many gaps to be filled. 

 The aim of the present study is to fill part of these gaps and so better understand how 

perceived stress relates to physiological stress. Associations between various perceived and 

physiological stress indices were investigated in 715 adolescents (351 boys, 364 girls, age 15–17) 

from the general population. Adolescents are a valuable population to study (psycho) physiological 

stress responses, because the prevalence of potentially confounding somatic disorders and 
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medication use is relatively low at this age. Despite the fact that stress reactivity is affected by 

exposure to stressors earlier in life (Lupien et al., 2009)), both perceived stress and physiological 

stress responses to psychosocial stress have been reported to be fairly invariant across age 

(Kudielka et al., 2004; McManis et al., 2001; Wood et al., 2002)), although it should be noted that the 

magnitude of heart rate responses tends to decrease with age (Carroll et al., 2000; Steptoe et al., 

1996). 

 The adolescents included in this study participated in a series of behavioral tests including 

a social stress test (public speaking and mental arithmetic), which is considered a useful 

experimental paradigm to observe integrated psychological and physiological responses (al'Absi et 

al., 1997). The psychological stress indices used reflect bodily, affective, and cognitive dimensions of 

perceived stress; that is, subjective arousal, unpleasantness, and dominance (sense of being in 

control). The physiological measures, heart rate, respiratory sinus arrhythmia, and salivary cortisol, 

reflect (re)activity of two major physiological stress systems, the ANS and HPA-axis. 

 The value of this study is not only its exceptionally large sample of adolescents, but also 

the fact that it examines various temporal patterns in the association between perceived and 

physiological stress. This is important, because Schlotz and colleagues (Schlotz et al., 2008) showed 

that the direction of associations between psychological and physiological stress response may 

depend on the time lag between the measures. Based on associations found in the before-mentioned 

prior studies, three hypotheses were tested with regard to interrelations between perceived stress 

measures and physiological stress responses: (1) Perceived stress during a social stress test 

covaries with concurrent physiological stress responses, (2) High pretest levels of perceived stress 

predict large physiological responses to a social stress test; and (3) Large physiological responses to 

a social stress test predict low posttest perceived stress levels. 

 The first hypothesis assumes an association between psychological and physiological 

stress during the social stress test, as compared to pretest levels, and is hence the most direct test of 

linkage between the various stress systems. Previous findings in favor of this hypothesis were 

reported by, among others, Al' Absi et al. (al'Absi et al., 1997), Roy (Roy, 2004), and Thayer (Thayer, 

1970). By comparing difference scores (that is, stress levels during exposure to a social stressor 

minus resting levels), it is possible to account for differences in response style, which can weaken 

estimated associations (Hjortskov et al., 2004)). Response style refers to answer tendencies that are 

unrelated to the content of the items, such as acquiescence. Because differences in on- and offsets 

of the stress responses may obscure covariations (Schlotz et al., 2008), the maximum stress 

response during the social stress test was used in this study, regardless of its timing. 

 Justification for the second hypothesis is found in several studies suggesting that 

anticipatory appraisal processes predict physiological stress responses (Gaab et al., 2005; Rohrmann 

et al., 1999; Wirtz et al., 2007)). Through various neural pathways, appraisal processes, such as 

perceived threat, provide input for the hypothalamic paraventricular nucleus, which plays a central 

role in the regulation of autonomic and endocrine stress responses (Gaab et al., 2005). It has been 

suggested that anticipation of stress, especially when the situation is perceived to be unpredictable 

and uncontrollable, may result in a state of vigilance toward events that are to occur and, 

consequently, in exaggerated stress responses (Schulkin et al., 1994). 
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 The third hypothesis, in a way, mirrors the second one. It was based on the intriguing 

phenomenon, observed in multiple studies, that high cortisol levels during stress may reduce post-

stress anxiety, arousal, or fatigue (Het & Wolf, 2007; Reuter et al., 2002; Schlotz et al., 2008; Soravia 

et al., 2006; Tops et al., 2006). This suggests that, apart from normalizing the physiological stress 

systems, cortisol also regulates stress-induced negative emotions and perceived stress. Based on 

these findings, high cortisol levels during the social stress test were expected to predict low perceived 

stress levels afterwards in our study. As opposed to cortisol, autonomic stress responses have, to the 

best of our knowledge, not been investigated with regard to posttest perceived stress before, hence 

the analyses regarding heart rate and respiratory sinus arrhythmia were mostly exploratory in this 

respect. 

 In sum, considering the wealth of data on psychological and physiological responses to 

stressful experiences, the relative scarcity of studies on the interrelation between the two is surprising 

and regrettable. The present study offers the opportunity to shed more light on this issue, because it 

involves cross-sectional and temporal associations between multiple perceived and physiological 

stress indices in a large general population sample of adolescents who were submitted to a social 

stress test. More knowledge about whether and how perceived stress predicts, follows, or covaries 

with cardiac and cortisol responses not only benefits theoretical stress models, but may also clarify 

the validity of perceived stress measures with respect to more general notions of stress. 

 

4.2 Methods 

 

4.2.1 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. Thus far, three assessment waves have been completed, running 

from March 2001 to July 2002 (T1), September 2003 to December 2004 (T2), and September 2005 to 

December 2007 (T3). During T1, 2230 children were enrolled in the study (response rate 76.0% (de 

Winter et al., 2005)), of whom 1816 (81.4%) participated in 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. The costly and labor-intensive 

nature of the laboratory tasks precluded assessing the whole sample. 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 temperament (high frustration and fearfulness, low effortful control), 

lifetime parental psychopathology, and living in a single-parent family. In total, 66.0% of the focus 

sample had at least one of the above-described risk factors; the remaining 34.0% were selected 

randomly from the low-risk TRAILS participants. Please note that the focus sample still represented 

the whole range of problems seen in a normal population of adolescents, which made it possible to 

reproduce the distribution in the total TRAILS sample by means of sampling weights. Descriptive 

statistics of the focus sample (weighted estimates) are presented in Table 1. 
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Table 1 Sample Characteristics (N= 715) 

 Mean (SD) or 

percentage 

Female gender 

Age 

Smoking (habitual) 

Physical exercisea 

Body mass index 

Use of oral contraceptives (% among girls) 

50.7% 

16.11 (0.60) 

28.0% 

3.26 (2.06) 

21.45 (3.29) 

34.4% 

Sampling weights were used to represent the distribution in the general population. 

a Number of days per week with at least one hour of physical exercise 

 

4.2.2 Procedure 

 

Experimental session. The experimental session consisted of a number of different challenges, listed 

here in chronological order: a spatial orienting task, a gambling task, a startle reflex task, and a social 

stress test. The session was preceded and followed by a 40-min period of rest. The participants filled 

out a number of questionnaires at the start and end of the session. Before, during, and after the 

experimental session, extensively trained test assistants assessed cardiovascular measures, cortisol, 

and perceived stress. Measures that were used in the present study are described more extensively 

below. The experimental sessions took place in sound-proof rooms with blinded windows at selected 

locations in the participants' towns of residence. The total session lasted about 3 1/2 h, and started 

between 8:00 and 9:30 am (morning sessions, 50%) or between 1:00 and 2:30 pm (afternoon 

sessions, 50%). The protocol was approved by the Central Committee on Research Involving Human 

Subjects (CCMO). 

The social stress test. The social stress test was the last challenge of the experimental session. It 

involved a standardized protocol, inspired by (but not identical to) the Trier Social Stress Task 

(Kirschbaum C et al., 1993), for the induction of mild performance-related social stress. Socio-

evaluative threats are highly salient challenges for adolescents and are known to be effective 

activators of various physiological stress systems, particularly in combination with uncontrollability; 

that is, in situations when negative consequences cannot be avoided (Dickerson & Kemeny, 2004). 

The participants were instructed to prepare a 6-min 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 ranked by a panel 

of peers after the experiment. The participants had to speak continuously for the whole period of 6 

min. The test assistant watched the performance critically, and showed no empathy or 

encouragement. The speech was followed by a 3-min interlude in which the participants were not 

allowed to speak. During this interval, which was included to assess cardiac autonomic measures 

that were not affected by speech, the participants were told that they had to wait for a moment 
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because of computer problems, but that the task would continue as soon as these problems were 

solved. Subsequently, they were asked to perform mental arithmetic. The participants were instructed 

to repeatedly subtract the number 17 from a larger sum, starting with 13,278. A sense of 

uncontrollability was induced by repeated negative feedback from the test assistant (e.g., “No, wrong 

again, begin at 13,278”; “Stop wiggling your hands”; “You are too slow, we are running behind 

schedule”). The mental arithmetic challenge lasted for 6 min, again followed by a 3-min period of 

silence, after which the participants were debriefed about the experiment. 

 

4.2.3 Measures 

 

Heart rate (HR). Cardiac autonomic function was assessed at the start of the experimental session 

(after 40 min of rest), as well as during and after the social stress test, in seven blocks: pretest (300 

s), speech preparation (420 s), speech (360 s), silent interlude after speech (180 s), mental arithmetic 

(360 s), silent interlude after mental arithmetic (180 s), and posttest (300 s). A three-lead 

electrocardiogram was registered using 3M/RedDot Ag/AgCl electrodes (type 2255, 3M Health Care, 

Neuss, Germany), while the participant was sitting and breathing spontaneously. With a BIOPAC 

Amplifier-System (MP100, Goleta, CA), the signals were amplified and filtered before digitization at 

250 samples/second. Dedicated software (PreCARSPAN, previously used in (Dietrich et al., 2007), 

was used to check signal stationarity, to correct for artifacts, to detect R-peaks, and to calculate the 

interbeat-interval (IBI) between two heartbeats. Blocks were considered invalid if they contained 

artifacts with a duration of more than 5 s, if the total artifact duration was more than 10% of the 

registration, or if the block length was less than 100 s (invalid blocks pretest: n=15, preparation: n=28, 

speech: n=27, interlude after speech: n=35, mental arithmetic: n=29, interlude after mental arithmetic: 

n=31, posttest: n=32). HR is inversely related to IBI by the equation HR=60000/IBI. HR was defined 

as the number of beats per minute (bpm). 

 Respiratory sinus arrhythmia (RSA). Calculation of RSA was performed by power spectral 

analysis in the CARSPAN software program (Mulder, 1988) using estimation techniques based on 

Fourier transformations of IBI series (Robbe et al., 1987). RSA was defined as the power in the high-

frequency (0.15–0.40 Hz) band, which is associated with the respiratory cycle, and expressed in ms2. 

RSA mainly results from centrally mediated cardiac vagal activity (Electrophysiology, 1996). Because 

the social stress test involved speech, which is known to interfere with analysis of RSA (Bernardi et 

al., 2000; Sloan et al., 1991)), the calculation of RSA was based on HR recordings during the 3-min 

interludes directly following the speech and mental arithmetic tasks, when the participants were not 

allowed to speak. The stress level remained relatively high during these interludes, because the 

participants expected that they had to continue any moment. Nevertheless, it was probably lower 

than during speech and mental arithmetic tasks and might not reflect the maximum response. 

 Cortisol. Cortisol levels were assessed just before the start of the social stress test (C1), 

directly after the end of the test (C2), 20 min after the test (C3), and 40 min after the test (C4). 

Considering the normal delay (20–25 min) in peak cortisol responses to experimental stressors 

(Kirschbaum et al., 1992), all samples reflect stress reactions about 20 min earlier. Therefore, the 
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samples were labeled as C1=pretest, C2=during test, C3=end of test (immediately after the test), and 

C4=posttest (20 min after the test). 

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

Germany). After the experimental session, the samples were placed in a refrigerator at 4°C, and 

within a few days stored at −20°C until analysis. All samples were analyzed with the same reagent, 

and all samples from a participant were assayed in the same batch. Cortisol was measured directly in 

duplicate in 100 µl saliva using an in-house radioimmunoassay (RIA) applying a polyclonal rabbit 

cortisol antibody and 1,2,6,7 3H Cortisol (Amersham International Ltd., Amersham, UK) as tracer. 

After incubation for 30 min at 60°C, the bound and free fractions were separated using activated 

charcoal. 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 

samples (C1: n=12, C2: n=8, C3: n=10, C4: n=12) were due to detection failures in the lab (60%) or 

insufficient saliva in the tubes (40%). Cortisol levels above 5 standard deviations of the mean (C1: 

n=3, C2: n=6, C3: n=3, C4: n=4) were considered outliers and recoded into missing values. 

 Perceived stress. Perceived stress was assessed by means of the Self-Assessment 

Manikin (SAM), a non-verbal pictorial assessment technique to measure the arousal, pleasure, and 

dominance (i.e., control) associated with a person's affective reaction to a stimulus (Bradley & Lang, 

1994). For each of the feelings assessed (i.e., arousal, unpleasantness, dominance), the subjective 

intensity could be indicated by choosing one out of nine ordered pictures. The pictures were 

translated into a nine-point scale (range 1–9) in such a way that high scores represented high levels 

of arousal, unpleasantness, and dominance. Perceived stress during the social stress test was 

assessed directly after the test, with a reference to the test (“How did you feel during this test?”) Pre- 

and posttest experiences were measured at the start (after 40 min of rest) and at the end of the 

experimental session (40 min after the social stress test), respectively. SAM ratings for arousal and 

unpleasantness have been shown to correlate almost perfectly (r≥.95) with corresponding scales of 

the Semantic Differential Scale (Mehrabian & Russel, 1974), while the correlation was moderately 

high (r=.79) for dominance (Bradley & Lang, 1994). 

 Other variables. Smoking, physical activity, and body mass index (BMI) were included as 

potential confounders of the associations under study. Smoking and physical exercise were assessed 

as part of the regular T3 questionnaire, which was filled out at school, on average 3.07 months 

(SD=5.12) before the experimental session. We distinguished between non-smokers and habitual 

smokers (i.e., at least one cigarette a day). Physical activity was operationalized as the number of 

days the respondent was physically active for at least 1 h. During the school assessments, length and 

weight were measured by trained test assistants. BMI is defined as the weight in kilograms divided by 

the length in meters squared. Use of oral contraceptives (OC) was assessed by means of a checklist 

on current medication use administered at the start of the experimental session. In total, OC were 

used by 125 girls (34.4%). 
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4.2.4 Analysis 

 

Adolescents with a high risk of mental health problems were overrepresented in the study sample. 

Therefore, sampling weights were used to reproduce the distribution in the total TRAILS sample in all 

analyses. Sampling weights denote the inverse probability that a subject is included in a sample. 

Missing data on any of the variables were handled by multiple imputation, using the ICE (Imputation 

by Chained Equations) approach available in the statistical package Stata (StataCorp, 2007). Five 

datasets with imputed missing values were created, given other variables in the dataset. Analyses 

were performed on each imputation, and subsequently combined into a single result using the Stata 

program MIM (Royston, 2005). The percentage of missing values was generally low and did not 

exceed 4.5% for any of the variables included in the analyses. Perceived and physiological stress 

responses were defined as the maximum level during (or immediately after) the test minus the 

minimum level before or after the test; for RSA and dominance, this equation was reversed in order to 

construct response measures that were positively associated with the strength of the response for all 

variables. Stress responses were defined in relation to either pre- or posttest levels instead of only 

pretest levels because prior research suggests that posttest stress levels make up better resting 

measures than pretest levels because posttest levels are not confounded by anticipation effects 

(Hansen et al., 2003). A two-sided p-value smaller than .05, was considered statistically significant. 

 The first step was to calculate descriptive statistics of the (untransformed) variables used in 

this study, and to test differences between multiple assessments of the same variable by means of 

repeated measures analysis of variance. In case of significant within-subject changes, pairwise post 

hoc tests were performed to explore the nature of the differences, with Bonferroni correction for 

multiple testing. The analyses of variance were based on a single imputation dataset, because 

Stata's multiple imputation procedures do not support repeated measures analysis of variance. The 

HR, RSA, and cortisol variables were log-transformed before analysis to obtain a more normal 

distribution. Before transformation, the skewness ranged from 0.53 to 0.97 for the HR variables, from 

3.32 to 5.76 for the RSA variables, and from 1.68 to 2.70 for the cortisol variables. After 

transformation, the skewnesses were between −0.73 and 0.14, −0.17 and 0.07, and −0.17 and 0.96, 

respectively. Means and standard deviations were based on untransformed (raw) variables. 

 Subsequently, the three hypotheses outlined in the introduction were tested by a series of 

linear regression analyses. The hypothesis that perceived stress covaried with concurrent 

physiological responses during the social stress test (hypothesis 1) was tested by analyses with HR, 

RSA, and cortisol responses as outcomes, and perceived stress responses (i.e., the difference 

between test and resting levels of arousal, unpleasantness, and dominance) as predictor variables. 

The hypothesis that high perceived stress levels at pretest predicted large physiological responses to 

the social stress test (hypothesis 2) was tested by using the pretest levels of arousal, 

unpleasantness, and dominance as predictor variables, and HR, RSA, and cortisol responses as 

outcomes. Finally, the hypothesis that large physiological stress responses predicted low posttest 

perceived stress levels (hypothesis 3) was tested by regressing the difference between post- and 

pretest perceived stress levels on HR, RSA, and cortisol responses. All continuous variables were 



CHAPTER 4 

66 

standardized to mean 0 and standard deviation 1 to obtain internally comparable regression 

coefficients. Partial η2 was used as a measure of effect size. 

 Gender, smoking, and physical exercise were included in all regression analyses as 

possible confounders. Furthermore, because there is ample evidence for gender differences in 

psychophysiological responses to stressful situations, both in previous studies (Biondi & Picardi, 

1999; Kudielka et al., 2009) and in the present dataset (Bouma et al., 2009) all effects under study 

were tested on gender differences. This was done by including interaction terms in the model, which 

were maintained if significant. A previous study by Bouma et al. (Bouma et al., 2009) on the effects of 

gender, menstrual phase, and use of oral contraceptives in the same sample had indicated that oral 

contraceptive users (34.4% of the girls) showed no cortisol response to the social stress test. 

Therefore, in the present study, oral contraceptive users were excluded from all analyses involving 

cortisol. This exclusion led to an overrepresentation of boys in the cortisol analyses, but not to a 

dramatic extent (59.6% boys versus 40.4% girls). Moreover, gender was included as covariate in all 

analyses, which prevented possible bias. 

 

4.3 Results 

 

4.3.1 Descriptive Statistics 

 

All stress measures changed significantly during the social stress test, with both psychological and 

physiological measures indicating that stress levels were higher during the social stress test than 

preceding or following it (Table 2). Please note that the pretest values of the perceived stress 

measures and HR and RSA reflect stress levels at the start of the laboratory session (after 40 min of 

rest), about 1 1/2 h before the start of the social stress test. Pretest RSA was exceptionally low, 

compared to RSA levels during and after the stress test. This is remarkable since pretest HR 

correlated −.67 with pretest RSA, but was not exceptionally high. RSA levels after speech and mental 

arithmetic were relatively high compared to RSA during the preparation phase, probably because the 

speech and mental arithmetic values of RSA were assessed during silent interludes (directly) after 

the performance rather during the task itself. RSA levels during speech and mental arithmetic were 

lower indeed (speech: 1872, SD=2380; mental arithmetic: 1901, SD=2349), but may have been 

influenced by the respondents' speaking at that time and are hence less trustworthy. Although RSA 

levels after speech and mental arithmetic were higher than during these stressors, they were still both 

significantly lower than posttest RSA. The cortisol statistics presented concern the pooled estimates 

across morning and afternoon sessions. Cortisol levels were higher in the morning (mean level 

morning 4.54 nM/L, SD=2.16; afternoon 3.62 nM/L, SD=1.98; t(588)=5.45, p<.001), but the response 

patterns were comparable (Bouma et al., 2009), with significant within-changes in both mornings 

(F(3,288=41.4, p<.001) and afternoons (F(3,295)=41.9, p<.001). 

 Correlations between subsequent assessments of stress measures were generally 

moderate to high (arousal: r=.32 to .47; unpleasantness: r=.18 to .32; dominance: r=.44 to .59; HR: 

r=.61 to .87; RSA: r=.69 to .87; cortisol: r=.47 to .87). Correlations between arousal, unpleasantness, 

and dominance were higher during stress (|r|=.41 to .54) than during rest (|r|=.17 to .35). Similarly, 
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HR and cortisol levels were significantly correlated (r=.08 to .17) during and immediately after the 

social stress test, but not before the test or 20 min afterwards (r=−.06 to −.05). Interestingly, pretest 

cortisol levels were inversely related to HR during and after the test. RSA was negatively associated 

with HR (r=−.37 to −.67), but not with cortisol. For an overview of all correlations, see the Appendix. 

Associations between psychological and physiological stress measures will be discussed in more 

detail below. 

 

4.3.2 Associations between Perceived and Physiological Stress Measures 

 

Interrelations between perceived and physiological stress measures (adjusted for gender, smoking, 

BMI, and physical exercise) are shown in Tables 3-5. None of the effects were significantly different 

for boys and girls. 

 The first hypothesis was that perceived responses during the social stress test would 

covary with concomitant physiological responses. As expected, changes in perceived arousal and 

unpleasantness responses were associated with changes in HR, RSA, and cortisol (Table 3). 

Changes in perceived dominance did not covary significantly with any of the physiological stress 

responses. Effect sizes (partial η2) for arousal and unpleasantness ranged between .006 and .017, 

which correspond to Cohen's d-values between 0.15 and 0.25 and thus signify small effects. To 

further illustrate the size of the effects, the sample was divided into three groups based on the 

perceived stress responses: low responders (limited change in perceived arousal and perceived 

unpleasantness, i.e., 0 or 1, 20.8%), high responders (large changes in perceived arousal or 

perceived unpleasantness of 5 or more, 20.1%), and intermediate responders (all other adolescents, 

59.1%). HR, RSA, and cortisol responses were plotted for each of these groups (Figures 1–3). 

Relative to the size of the stress response itself, the differences among the three perceived stress 

groups were considerably smaller for HR than for RSA and cortisol; Figure 1 suggests hardly any 

effect of perceived stressfulness on HR responses. This may seem inconsistent with the fact that 

both the effect sizes and the (standardized) regression coefficients were largely comparable for the 

three outcome measures. This seeming inconsistency can be explained by the small standard 

deviation of HR responses, compared to the size of the response. 

 The graphs in Figures 1 and 3 show larger differences between high and intermediate 

responders than between low and intermediate responders, which could point to nonlinear effects. To 

test this (post hoc) hypothesis, we added quadratic effects of arousal and unpleasantness responses 

to the regression models predicting HR and cortisol, but none of these effects were statistically 

significant (all p-values >.11). The patterns shown in Figures 1 and 3 may be due to the definition of 

the perceived stress response groups: perhaps the group of intermediate responders were on 

average more comparable to the low responders than to the high responders. 

 The second hypothesis was that pretest perceived stress levels would be associated with 

physiological responses to the social stress test. No pretest levels of the perceived stress measures 

(arousal, unpleasantness, and dominance) predicted any subsequent HR, RSA, or cortisol responses 

(Table 4). 
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 With regard to the third hypothesis, that physiological responses would predict posttest 

perceived stress levels, we found that greater HR responses predicted less posttest unpleasantness 

and more posttest dominance, as compared to pretest levels (Table 5), which lends partial support for 

the hypothesis that physiological stress responses predict posttest perceived stress levels. Large 

cortisol responses tended to be associated with low posttest unpleasantness as well (two-sided 

p=.06). RSA responses were not associated with any of the posttest perceived stress measures. 

Effect sizes were small, with partial η2 values of around .006 for the (marginally) significant effects, 

corresponding to a Cohen's d-value of 0.15. 

 

4.4 Discussion 

 

In this study, we explored the interrelation of perceived and physiological responses to a social stress 

test in a large sample of adolescents from the general population. The results suggest temporal 

covariation of psychological and physiological stress systems as well as limited associations between 

physiological stress responses and subsequent psychological measures. More specifically, perceived 

arousal and unpleasantness during the stress test covaried with all concurrent physiological stress 

responses (hypothesis 1), and large HR responses to social stress predicted low posttest 

unpleasantness and dominance, while a trend was found for an effect of cortisol responses on 

posttest unpleasantness (hypothesis 3). There was no support for hypothesis 2, that high pretest 

perceived stress levels predict physiological responses to social stress. 

 

4.4.1 Hypothesis 1 

 

Our results support the notion of covariation between perceived and physiological stress responses. 

Despite only weak correlations between HR and cortisol and no significant correlations between RSA 

and cortisol, most associations with perceived stress levels were largely comparable among the three 

physiological stress measures. The significant associations of perceived arousal and unpleasantness 

with both cardiac measures and cortisol suggest that perceived stress reflects, to a certain extent, 

activity of the HPA-axis as well as the autonomic nervous system. Our data do not allow conclusions 

about whether the perception of the stressfulness steered physiological responses or vice versa, but 

we assume bidirectional influences. On the one hand, it is obvious that psychosocial stressors need 

to be perceived and evaluated as such in order to trigger a stress response (Ulrich-Lai & Herman, 

2009)), on the other hand, physiological reactions (e.g., heart pounding) may be interpreted as signs 

of the apparent stressfulness of the situation and hence inflate perceived stress scores. 

 Effect sizes were small according to Cohen's conventions (Cohen J, 1988), but still 

considerable compared to the size of the stress responses, specifically for RSA and cortisol (see 

Figures 2 and 3). Taking into account that this study involved a normal-population sample of 

adolescents and a mild brief stressor, and that both psychological and physiological stress responses 
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Table 2 Stress Measures Used in this Study, and Tests of Within-Subjects Changes 

 

 
Mean (SD) 

Within subject 

change 

Significant 

differences 

A. Arousal pretest 

B. Arousal during test 

C. Arousal posttest 

2.68 (1.50) 

4.19 (1.88) 

2.37 (1.45) 

 

F(2,713) = 325.3 

p < .001 

C < A < B  

A. Unpleasantness pretest 

B. Unpleasantness during test 

C. Unpleasantness posttest 

2.85 (1.23) 

4.74 (1.89) 

2.88 (1.76) 

 

F(2,713) = 367.1 

p < .001 

A < B 

C < B  

A. Dominance pretest 

B. Dominance during test 

C. Dominance posttest 

6.46 (1.47) 

5.39 (1.85) 

6.97 (1.44) 

 

F(2,713) = 288.8 

p < .001 

B < A < C  

A. HR pretest (bpm)  

B. HR preparation (bpm) 

C. HR speech (bpm) 

D. HR mental arithmetic (bpm) 

E. HR posttest (bpm) 

75.68 (11.13) 

77.96 (11.12) 

82.05 (13.20) 

78.08 (11.49) 

69.47 (9.96) 

F(4,711) = 457.2 

p < .001 

E < A < B < C 

E < A < D < C 

A. RSA pretest (ms2)  

B. RSA preparation (ms2) 

C. RSA after speech (ms2) 

D. RSA after mental arithmetic (ms2) 

E. RSA posttest (ms2) 

1732 (2820) 

2178 (3209) 

2462 (3447) 

2363 (3338) 

2653 (3561) 

F(4,711) = 72.04 

p < .001 

A < B < C < E 

A < B < D < E 

A. Cortisol pretest (nM/L)  

B. Cortisol during test (nM/L)  

C. Cortisol end of testc (nM/L) 

D. Cortisol posttestd (nM/L) 

3.43 (2.04)b 

4.59 (2.85)b 

4.46 (2.98)b 

3.71 (2.12)b 

F(3,586) = 76.0 

p < .001 
A < D < C < B 

HR = heart rate; RSA = respiratory sinus arrhythmia 

a Number of days per week with at least one hour of physical exercise 

b Exclusive of girls using oral contraceptives 

c Immediately after the social stress test 

d Twenty minutes after the social stress test 

e  Degrees of freedom adjusted for unequal variances 

Note: Sampling weights were used to represent the distribution in the general population. Descriptives for HR, 

RSA and cortisol data reflect untransformed data, while logtransformed data were used in the analyses. 

Analyses were based on single imputation data. Pairwise differences were adjusted for multiple testing 

(Bonferroni method) 
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Table 3 Perceived Concurrent Stress Responses as Predictors of Physiological Responses to the Social Stress 

Test  

Responses  

 

HR (ln) 

  B (p) 

RSA (ln) 

B (p) 

Cortisol (ln)a 

B (p) 

Concurrent Arousal  

Concurrent Unpleasantness 

Concurrent Dominance 

 0.12 (.001) 

 0.09 (.03) 

 0.04 (.25) 

      0.08 (.02) 

      0.09 (.03) 

    -0.00 (.97) 

0.09 (.05) 

0.12 (.008) 

0.01 (.88) 

HR = heart rate; RSA = respiratory sinus arrhythmia; Response = difference between state during the test and 

pre- or posttest state.  

 

Table 4 Perceived Pretest Stress Responses as Predictors of Physiological Responses to the Social Stress Test  

Responses   

HR (ln) 

B (p) 

RSA (ln) 

B (p) 

Cortisol (ln)a 

B (p) 

Pretest Arousal  

Pretest Unpleasantness 

Pretest Dominance 

-0.02 (.55) 

 0.06 (.10) 

-0.06 (.13) 

     -0.02 (.62) 

      0.03 (.34) 

    -0.08 (.09) 

-0.02 (.62) 

-0.04 (.32) 

-0.01 (.82) 

HR = heart rate; RSA = respiratory sinus arrhythmia; Responses = difference between state during the test and 

pre- or posttest state.  

 

Table 5 Physiological Stress Responses as Predictors of Posttest Perceived Stress 

Posttest perceived stressa  

 Arousal 

B (p) 

Unpleasantness 

B (p) 

Dominance 

B (p) 

HR response 

RSA response 

Cortisol responseb  

-0.06 (.13) 

-0.03 (.35) 

-0.02 (.65) 

-0.09 (.05) 

-0.03 (.44) 

-0.07 (.06) 

0.09 (.04) 

0.06 (.14) 

0.01 (.84) 

HR = heart rate; RSA = respiratory sinus arrhythmia; Response = difference between state during the test and 

pre- or posttest state. 

a As compared to pretest perceived stress (difference scores). 

b Analyses exclusive of girls using oral contraceptives (N = 589). 

Note. Sampling weights were used to represent the distribution in the general population HR, RSA and cortisol 

variables were log-transformed before analysis. Continuous variables were standardized to mean 0 and SD 1. All 

effects are adjusted for gender, smoking, BMI, and physical exercise. N = 715. 
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Figure 1 HR responses to the social stress test, by responsiveness level a 

60

65

70

75

80

85

pretest preparation speech arithmetic posttest

H
R

 (
b
p

m
)

max. change 5+

max. change 2-4

max. change 1

0

 
 

Figure 2 RSA responses to the social stress test, by responsiveness level a 
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Figure 3 Cortisol responses to the social stress test, by responsiveness level a 
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a  Responsiveness level = composite index of perceived arousal and perceived unpleasantness 

  

are influenced by a multitude of only partially overlapping factors, we feel that high effect sizes could 

not be expected. Furthermore, as shown in several meta analyses (Ioannidis et al., 2003)), published 

effect sizes based on large samples are, on average, considerably smaller than those based on small 

samples. This is probably due to publication bias: in studies with a limited sample size, small effects 

are usually not statistically significant and therefore less likely to be submitted and accepted for 

publication (Easterbrook et al., 1991). 

 Changes in perceived dominance were not significantly related to physiological stress 

responses. This seems inconsistent with previous reports of uncontrollability as a predictor of the 

cortisol response (Dickerson & Kemeny, 2004). The Dominance scale of the Self-Assessment 

Manikin (Bradley & Lang, 1994) depicts a series of schematic figures, ranging from very small (being 

controlled, submissive) to very large (being in control, powerful). This measure may not be specific 

enough to measure feelings of uncontrollability. It is also possible that the assumed effects of 

uncontrollability on cortisol responses relate to objective task characteristics rather than individual 

differences in perceived controllability. 

 Apart from the above-described methodological issues, there may also be a more 

substantive reason why arousal and unpleasantness, but not dominance, covary with physiological 

stress responses. Unpleasantness and arousal reflect the desire to change the situation, and the 

intensity of this desire, respectively. These are primitive motivational parameters integrated in 
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subcortical areas (Lang et al., 1992)) which have been associated with various physiological 

responses (Lang et al., 1993)). Dominance reflects the perceived possibilities to change the situation, 

rather than the actual desire to do so. Consistent with this, dominance has been found to account for 

less variance in emotional judgments than arousal and pleasure (Bradley & Lang, 1994)), and may 

hence also be more loosely linked to physiological stress responses. 

 

4.4.2 Hypothesis 2 

 

Contrary to expectations, pretest perceived stress did not predict physiological responses to a social 

stress test. This could be due to the fact that the pretest perceived stress levels did not reflect how 

stressful the adolescents expected the social stress test to be, but rather how they felt in general at 

the start of the laboratory session. This general stress perception is probably not a very accurate 

measure of anticipatory appraisal, which has been found to predict physiological stress responses in 

previous studies (Gaab et al., 2005; Rohrmann et al., 1999; Wirtz et al., 2006). In addition, stress 

responses may have been affected by the considerable time lag between the pretest measure and 

the social stress test, as well as the various other tasks performed in between. It would thus be 

inappropriate to conclude that the anticipated stressfulness of a particular task is unrelated to 

physiological responses to that task. 

 Although the pretest perceived stress measures used in this study may not assess 

anticipatory appraisal well, they have a validity of their own, as pretest resting levels. Hence, what 

can be concluded from the results is that resting levels of perceived arousal, unpleasantness, and 

dominance are not very informative with regard to subsequent physiological stress responses. In 

general, there does not seem to be much meaningful variance in stress measures assessed during 

rest, as is also illustrated by finding that correlations between various stress measures were higher 

during stress than pre- or posttest. This suggests that individual differences in stress responsiveness 

can best be ascertained under stressful conditions. 

 

4.4.3 Hypothesis 3 

 

The hypothesis that physiological stress responses predict posttest perceived stress levels was 

based on prior studies suggesting that high cortisol levels might prevent stressful experiences from 

inducing negative affect (Het & Wolf, 2007; Reuter et al., 2002; Schlotz et al., 2008; Soravia et al., 

2006; Tops et al., 2006). The marginally significant effect of cortisol responses on posttest perceived 

unpleasantness lends tentative support to this postulation. It seems contradictory that high cortisol 

levels reflect distress and high cortisol responses prevent it. Distinguishing between tonic and phasic 

cortisol levels might be relevant in this respect: high tonic cortisol levels have adverse effects on 

mood (Schmidt et al., 1999; Wolkowitz et al., 1990)), while high phasic cortisol levels (i.e., large 

responses) seem quite adaptive when measured in healthy adolescents. The functional effects of 

cortisol for regulating emotions are still unknown. Cortisol binds to (glucocorticoid and 

mineralocorticoid) receptors, which can be found in several brain areas, including prefrontal cortex 

and limbic areas (de Kloet et al., 1998)), and can influence several catecholaminergic 
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neurotransmitter systems (Joels, 2000). It has been proposed that cortisol modulates pathways of a 

neural network involving, among other things, the prefrontal cortex, amygdala, and HPA-axis. These 

networks play an important role in emotional processing (Davidson & Irwin, 1999; Dolan, 2002)), in 

that the effects of cortisol on the prefrontal cortex reduce emotional responses to stress (Het & Wolf, 

2007). 

 HR responses, which have been suggested to reflect effort rather than distress (Arnetz & 

Fjellner, 1986; Peters et al., 1998)), were more strongly associated with posttest perceived stress 

measures than cortisol responses. High HR responses predicted low posttest unpleasantness and 

high posttest dominance. A possible explanation for the association between HR responses and 

posttest perceived stress is that a high HR response is an adaptive mechanism to adequately cope 

with stressors. Assuming a positive association between the strength of the HR response and the 

amount of effort invested in the task (Arnetz & Fjellner, 1986; Peters et al., 1998) , we could 

speculate that adolescents who invested a lot of effort performed better and hence felt more satisfied 

and in control afterwards. Otherwise stated, blunted stress responses may signal dysfunctional 

coping strategies, which in turn may increase feelings of discomfort and lack of control following the 

stressful experience. In fact, another study in the same sample indicated that adolescents with high 

effortful control (i.e., high self-regulation skills) had stronger HR responses to the social stress test 

(Oldehinkel et al., 2010), which supports the idea that blunted stress responses may reflect poor 

coping with stress. Analogous to effects of physical exercise on emotional well-being (Sher, 1998; 

Yeung, 1996)), a direct impact of physiological activity on subsequent subjective emotions is 

conceivable as well, such as through altered neurotransmitter release (Meeusen & Piacentini, 2001). 

Alternatively, high HR responses may not actually predict subsequent feelings, but rather mark 

adolescents who are still energetic and do not feel worn out and therefore report low levels of 

unpleasantness and uncontrollability at the end of the laboratory session. Why the effect of HR 

responses on posttest perceived stress was stronger for unpleasantness and low dominance than for 

arousal might be related to the fact that unpleasantness and uncontrollability are usually rated as 

negative emotions, while high arousal can be conceived of as either negative or positive. If high HR 

responses mark a satisfactory performance, as suggested above, this is likely to influence positive 

affect, but not necessarily relaxation. Hence, HR responses are possibly associated with posttest 

negative affect rather than (hyper)arousal. However, all these suggestions are highly tentative, and 

replication in an independent sample is warranted before firm conclusions can be drawn regarding 

this association. 

 RSA responses did not predict any of the posttest perceived stress measures. This could 

indicate that the effects of HR were mainly accounted for by sympathetic, and not vagal, activation. 

Prudence is called for, however, because HR and RSA measures during speech and mental 

arithmetic were not based on the same time periods. 

 

4.4.4 Practical Implications 

 

Given that our sample was large and representative of a normal population of adolescents, this study 

is particularly suitable to answer the practical question of whether, in clinical or research settings, 
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self-reports of perceived arousal and unpleasantness during a stressful situation provide useful 

information about the magnitude of HR, RSA, or cortisol responses. Based on our findings, the 

answer to this question would have to be no. Due to substantial unexplained variance, measures of 

perceived stress provide only partial knowledge about the responsiveness of the autonomic system 

and HPA-axis. As suggested by (Fahrenberg & Foerster, 1982), a set of marker variables seems to 

be preferable to a single measure to assess individual differences in stress responsiveness, and we 

propose these marker variables should include both perceived and physiological stress indices. 

 

4.4.5 Strengths and Limitations 

 

The findings should be considered in light of a number of noteworthy strengths and limitations. A 

significant strength of the study is its very large sample size, compared to most other studies 

involving laboratory stress tests. This reduces the influence of single outliers and the probability of 

false-negative or false-positive results. The subjects were adolescents selected from the general 

population, whose perceived and physiological stress responses are less likely to be disturbed by 

medical conditions than those of older subjects or clinical patients. An additional strength is the 

repeated examination of stress indices across the testing session, a procedure which yields more 

clues about the direction of effects than single assessments. 

 There are also limitations to this study. First, the social stress test was preceded by a 

spatial orienting task, a startle-response test, and a gambling task. We did not account for the 

perceived stressfulness of these challenges. The stress measures assessed during the social stress 

test could represent the cumulative effect of the prior experimental tasks rather than responses to the 

social stress test. A large systematic bias due to the experimental design is unlikely, however, 

because the order of the tasks was the same for all subjects. Hence, not only the exposure to social 

stress was standardized, but also the activities preceding the social stressor. Furthermore, the social 

stress test was by far the most stressful element of the session, both conceptually and in terms of 

subjectively experienced stress as measured by the Self-Assessment Manikin (data available upon 

request). Still, one cannot rule out effects of the preceding tasks on responses to the social stress 

test. Moreover, as mentioned before, pretest HR, RSA, and perceived stress measures reflect levels 

at the beginning of the laboratory session (after 40 min of rest) rather than levels immediately 

preceding the social stress task, which may have deflated the effects. A second limitation is that RSA 

was assessed during silent interludes following the periods wherein the participants were actively 

engaged in public speaking and mental arithmetic, to avoid interference with speech. Although the 

stress level during these silent interludes was relatively high because the participants anticipated 

near continuation of the test, it was still likely to be lower than during the performance. In most 

participants, the RSA responses reflected the difference between posttest RSA and RSA during the 

preparation phase, which may not be the maximum response. Third, respiration rate was not 

recorded in this study and hence could not be controlled for while analyzing RSA, as recommended 

by, for instance, Berntson et al. (Berntson et al., 1997). Because RSA was based on periods without 

speech in which the participants were sitting quietly, the task effects upon respiration rate were 

probably limited, which reduces the need for respiratory control  
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Appendix  Pearson Correlations between the Various Stress Indices Before, During, and After the Social Stress 

Test 

 1. 2. 3. 4. 5. 6. 7. 8. 9. 

 1. Arousal pretest - - - - - - - - - 

 2. Arousal during test  .32* - - - - - - - - 

 3. Arousal posttest  .47*  .35* - - - - - - - 

 4. Unpleasantness pretest  .17*  .14*  .12* - - - - - - 

 5. Unpleasantness during test  .12*  .41*  .10*  .32* - - - - - 

 6. Unpleasantness posttest  .04  .09*  .19*  .29*  .18* - - - - 

 7. Dominance pretest -.29* -.21* -.14* -.35* -.24* -.08* - - - 

 8. Dominance during test -.22* -.54* -.19* -.19* -.49* -.08  .47* - - 

 9. Dominance posttest -.21* -.17* -.30* -.26* -.21* -.20*  .59*  .44* - 

10. HR pretest   .07  .02 -.04  .04 -.02  .01 -.12* -.03 -.06 

11. HR preparation   .05  .04 -.08*  .05  .05 -.07 -.13* -.09* -.03 

12. HR speech   .05  .06 -.10*  .08*  .02 -.05 -.12* -.09* -.04 

13. HR mental arithmetic   .03  .05 -.10*  .04 -.01 -.07 -.07 -.06 -.01 

14. HR posttest  .06 -.00 -.05  .04 -.01 -.02 -.08* -.05 -.04 

15. RSA pretest  -.04  .05  .02 -.00  .05  .00 -.01 -.03 -.03 

16. RSA preparation  -.03  .00  .08* -.02 -.02  .06  .02  .02  .01 

17. RSA speech  -.02  .03  .04  .01  .04  .03 -.02 -.03 -.00 

18. RSA mental arithmetic  -.03   .04  .05  .03  .06  .05 -.03 -.05 -.01 

19. RSA posttest -.05  .04  .04  .02  .05  .04 -.03 -.03 -.01 

20. Cortisol pretesta  -.02  -.03 -.03 -.02 -.04 -.01  .03  .04  .07 

21. Cortisol during testa  -.02  .06 -.04 -.02  .07 -.07  .02  .02  .03 

22. Cortisol end of testa,b  .00  .09* -.05 -.04  .08 -.09*  .03  .02  .06 

23. Cortisol posttesta,c  .01  .08 -.00 -.05  .06 -.10*  .06  .03  .06 

* p < .05 

a Exclusive of girls using oral contraceptives (N = 589).  

b Immediately after the social stress test 

c Twenty minutes after the social stress test 

Note: Sampling weights were used to represent the distribution in the general population. HR, RSA and cortisol 

variables were log-transformed before analysis.  
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10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. 21. 22. 

- - - - - - - - - - - - - 

- - - - - - - - - - - - - 

- - - - - - - - - - - - - 

- - - - - - - - - - - - - 

- - - - - - - - - - - - - 

- - - - - - - - - - - - - 

- - - - - - - - - - - - - 

- - - - - - - - - - - - - 

- - - - - - - - - - - - - 

- - - - - - - - - - - - - 

 .73* - - - - - - - - - - - - 

 .61*  .82* - - - - - - - - - - - 

 .70*  .83*  .87* - - - - - - - - - - 

 .81*  .81*  .70*  .78* - - - - - - - - - 

-.67* -.41* -.37* -.43* -.53* - - - - - - - - 

-.57* -.67* -.56* -.49* -.64*  .69* - - - - - - - 

-.50* -.42* -.37* -.45* -.56*  .73*  .79* - - - - - - 

-.51* -.44* -.40* -.48* -.59*  .72*  .79*  .87* - - - - - 

-.52* -.45* -.40* -.45* -.63*  .74*  .79*  .85*  .87* - - - - 

-.05 -.13* -.14* -.13* -.13* -.02  .08  .02  .03  .01 - - - 

-.02  .04  .09*  .08* -.02  .02  .02 -.03  .00  .01 .55* - - 

-.00  .07  .14*  .17*  .00  .03  .00 -.03 -.00  .01  .47*  .87* - 

-.04  .01  .08  .09* -.06  .03  .04  .02  .03  .03  .51*  .76*  .87* 
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(Grossman & Taylor, 2007; Houtveen et al., 2002), yet some confounding cannot be excluded. 

Finally, responses to social stress tests as used in laboratory experiments may not reflect responses 

to potentially pathogenic stressful experiences in real life. The social stress test used in our study 

lasted for less than half an hour, after which the adolescents were debriefed and could relax again. 

Real-life stressors and their aftermaths usually persist considerably longer than half an hour and are 

therefore likely to trigger more pervasive stress reactions. 

 

4.4.6 Conclusions 

 

Our findings suggest that perceived, autonomic, and HPA-axis responses to social stressors covary 

to some extent in adolescents. Particularly on-task perceived arousal and unpleasantness may 

predict concurrent changes in HR, RSA, and cortisol levels. Dominance seems to have a specific, 

more cognitive role in adolescents' stress appraisals, and to be less associated with physiological 

stress measures. Pretest resting perceived stress measures are not very informative with regard to 

physiological responses to stress. Furthermore, large physiological stress responses, notably HR 

responses, seem to reflect healthy, adaptive mechanisms, which might prevent post-stress negative 

affect. 

 In sum, adolescents' reported feelings of arousal and unpleasantness, but not dominance, 

to some degree reflect concurrent autonomic and HPA-axis activity. This could indicate that—

specific—emotional responses to stressors generate physiological stress responses, as postulated in 

the introduction (Mason, 1971; Mikhail, 1981), be it to a limited extent. However, perceived stress 

levels do not seem to predict how adolescents will respond to later stressors, and should therefore be 

considered correlates rather than risk factors of physiological stress responses (Kraemer et al., 

1997). This study also suggest that strong physiological stress responses, although perceived as 

arousing and unpleasant at the time being, can still be adaptive, in that they may increase feelings of 

pleasantness and dominance afterwards.
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Abstract 

 

Background: Respiratory sinus arrhythmia (RSA) has been proposed as a physiological marker of 

emotion-regulation capacity, and shown to be cross-sectionally associated with depression. Little is 

known about the role of RSA as a predictor of (subclinical) depressive symptoms over time and as a 

modifier of the depressogenic effect of stressful life events (SLEs). Methods: In a longitudinal 

population-based study with data collected in 1653 adolescents twice (at age 11 and 13.5, 

respectively), RSA was assessed in supine position at the first assessment wave. Depressive 

symptoms were assessed at both waves and SLEs experienced between the two waves at the last 

wave. Results: Low levels of RSA were not associated with concurrent or future depressive 

symptoms, and did not enhance the depressogenetic effects of SLEs. Conclusions: In a normal 

population of young adolescents, a low level of RSA does not identify adolescents at risk for 

depressive symptoms when confronted with SLEs. In post-hoc analyses, among those reporting high 

exposure to stressful life events, higher RSA tended to predict less self-reported anxiety and more 

self-reported somatic symptoms as compared to those with lower RSA.  

 

5.1 Introduction 

 

In recent years, respiratory sinus arrhythmia (RSA), an autonomic index of the vagal influence on the 

heart, has received considerable attention. Research has produced an extensive list of RSA 

correlates including a broad range of physical and mental health problems, which span 

developmental stages from infancy to adulthood (Beauchaine, 2001, 2007). Among the mental health 

correlates of RSA reported are defensiveness (Movius et al., 2005), anxiety (Thayer et al., 1996) and 

depression (Rottenberg, 2007). The present paper examines RSA as a predictor of future depressive 

symptoms and as a modifier of the effects of stressful life events (SLEs) on the development of 

depressive symptoms, independent of earlier symptoms, in a large population sample of young 

adolescents. In early adolescence there is a marked increase in depressive symptoms (Angold et al., 

2002; Galambos et al., 2004; Ge et al., 1994), which have a high likelihood to continue into early 

adult life (Lewinsohn et al., 1999) and adulthood (Fombonne et al., 2001; Lewinsohn et al., 1994, 

2000; Weissman et al., 1999a, 1999b). This makes early adolescence an important period for 

studying the development of depression.  

 Depression is often conceptualized as a disorder of emotion regulation (Gross, 1998, 

Rottenberg, 2007), and considerable agreement exists that healthy emotion-regulation skills are 

integral to normative development (Cole et al., 2004; Eisenberg & Spinrad, 2004). Among other 

things, depression has shown to be associated with inflexible responses to social demands, a 

reduction in social engagement, a constricted range of self-reported emotions, and a diminished 

display of facial expressions (Ellgring, 1989; Rottenberg et al., 2005a; Rottenberg, 2007). In a recent 

meta-analysis of nineteen laboratory studies, Bylsma et al. (2008) demonstrated that depressed 

individuals showed reduced emotional reactivity to both positively and negatively valenced stimuli, 

compared to healthy persons. Individuals vary considerably in the nature and strength of emotional 
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responses and the capacity to regulate them (Gross, 1998). Emotion-regulation skills are particularly 

relevant in the occurrence of stressful life events. In both adults (Kendler et al., 1993) and children 

(Ge et al., 2001; Nolen-Hoeksema et al., 1992), stressful life events have been found to be a strong 

predictor of depressive symptoms. Although the majority of depressions are preceded by a stressful 

life event, only a minority of the individuals exposed to such events become depressed (Goodyer et 

al., 2000; Kessler, 1997). Hence, individual differences in emotion-regulatory capacity to the effects of 

stressful life events play an important role in the association between life events and depression.  

 RSA has been suggested to be an objective index of the brain’s ability to regulate through 

the autonomic nervous system emotional responses (Appelhans and Luecken et al., 2006), and to 

serve as a marker of individual differences in emotion-regulatory capacity (e.g., Porges, 1995a; 

Thayer & Lane, 2000, Appelhans and Luecken et al., 2006). This notion originates from Porges’s 

Polyvagal Theory (Porges, 1995b, 2001, 2003, 2007). According to this theory, the vagus nerve 

consists of two branches with distinct regulatory purposes. One of these, the myelinated smart vagus, 

originates from the nucleus ambiguus (located in the medulla) and terminates on structures 

associated with emotion and communication (for example, the larynx and the facial muscles). The 

myelinated smart vagus is supposed to play a role in motor pathways involved in vocalizations and 

facial expressions (Rottenberg, 2007), and to respond to environmental demands. It functions as an 

active brake on the sympathetic nervous system, rapidly inhibiting this system when sustained 

attention or social engagement is adaptive, and disinhibiting this system when fighting or fleeing is 

adaptive (Porges, 1995b, 2001, 2003, 2007). RSA results from the phasic changes in vagal nerve 

activity at the cardiac sino–atrial node that is linked to breathing frequency (Porges, 2007). Vagal 

input is rhythmically interrupted with each respiratory cycle. During inspiration, heart rate increases as 

vagal influence is momentarily suppressed; during expiration it decreases as vagal influence resumes 

(Movius et al., 2005). Therefore RSA is used as a noninvasive index of the impact of the myelinated 

vagus on the heart (Butler et al., 2006; Porges, 2007). The strength of this tonic vagal influence can 

be assessed by examining the high-frequency (0.15-0.40 Hz) band of the heart rate variability (HRV), 

which is associated with the respiratory frequency (Berntson et al., 1993, 1997; Saul et al., 1991; 

Task Force of the European Society of Cardiology and the North American Society of Pacing and 

Electrophysiology, 1996). 

 The Polyvagal Theory states that a high level of resting RSA reflects a healthy, highly 

adaptive organism (e.g., Porges, 1995b, 2001, 2003, 2007; Thayer & Lane, 2000). Consistent with 

this, a substantial body of literature has indicated that RSA is associated with individual differences in 

emotional responding (see for a review Beauchaine, 2001). While high RSA has been reported to be 

related to the ability to self-soothe after displays of negative affect (Fox, 1989) and to cope with life 

stressors (Fabes & Eisenberg, 1997), low RSA have been found to be associated with emotion-

regulation problems (e.g., Porges, 1995a; Thayer & Lane, 2000), which contribute to increased 

negative affect (e.g., Demaree et al., 2004; Friedman & Thayer, 1998; Porges, 1992) and affective 

disorder (Demaree et al., 2006). In our sample, low RSA was associated with more internalizing 

problems (Dietrich et al., 2007). 

 Despite the fact that depressed individuals are characterized by emotion-regulation 

difficulties (Gross, 1998, Rottenberg 2007), cross-sectional and longitudinal studies examining levels 
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of RSA in depressed individuals have yielded inconsistent findings. Several cross-sectional findings 

suggest that patients with depression show decreased levels of resting RSA compared with controls 

(Carney et al., 1995; Rechlin et al., 1994), while others have not found this pattern (Moser et al., 

1998, Rottenberg et al., 2007a, 2007b, Vaccarino et al., 2008). Possible confounding factors such as 

medication (Rottenberg et al., 2007a) or physical health (Rottenberg et al., 2007b) may play a role in 

these mixed results. In a recent meta-analysis of thirteen methodologically strong studies, Rottenberg 

(2007) demonstrated a modest cross-sectional association between RSA and depression in clinically 

depressed patients. Although major depression is still rare in early adolescence, adolescents' 

depressive symptoms strongly predict an episode of major depression in adulthood (Pine et al., 

1999). So, low RSA levels might be associated with (subclinical) depressive symptoms in young 

adolescents from the general population as well. Prospective studies that have examined the 

relationship between resting RSA levels and future depression generally concerned clinically 

depressed groups (for a review see Rottenberg, 2007). In most of these studies (with the exception of 

Rottenberg et al. [2002] who found that a higher resting RSA predicted more depressive problems 

after six months) resting RSA was not associated with future depression (Rottenberg, 2007; 

Rottenberg et al., 2007a), but changes in RSA level were (Balogh et al., 1993, Chambers & Allen, 

2002). Although individual differences show reasonable temporal stability (El-Sheik 2004; Bornstein & 

Suess, 2000), RSA levels seem to covary with changes in the severity of depressive symptoms. In 

some clinical prospective studies, increases of RSA predicted symptomatic improvement (Balogh et 

al., 1993, Chambers & Allen, 2002), while others found no relation (Khaykin et al., 1998), or the 

opposite effect (Schultz et al., 1997). The relatively small sample sizes of most of these studies and 

the use of either no or very liberal criteria for defining recovery may account for the inconsistent 

findings (Rottenberg et al., 2002). 

 Given the evidence of RSA being a physiological index of emotion-regulation ability, RSA 

may be expected to modify mental health outcomes in times of stress, as stressful events elicit 

considerable emotional arousal. Nevertheless, only a few studies have investigated this possibility 

(El-Sheik et al., 2001, 2005; Fabes & Eisenberg, 1997; Katz & Gottman, 1995, 1997; Gyurak & 

Ayduk, 2008). El-Sheik et al. (2001, 2005) found that children with a lower resting RSA level were 

more likely to develop internalizing or externalizing problems in the context of parental problem 

drinking and frequent marital conflict. Katz and Gottman (1995, 1997) reported that a low resting RSA 

increased the risk of externalizing behavior in children faced with marital conflict and dissolution. 

Furthermore, Gyurak and Ayduk (2008) found that persons with a high level of rejection sensitivity, a 

characteristic of atypical depression, and a low RSA reported more conflict hostility than their high 

RSA couterparts. These findings suggest that a physiological profile characterized by a low level of 

RSA may be of help to identify young adolescents at risk for depressive symptoms, especially when 

confronted with stressful life events. However, the before-mentioned studies were based on relatively 

small samples, and have not been conducted in relation to the development of depressive symptoms 

in a normal population. In order to understand the possible role of RSA as a prognostic indicator of 

depression and marker of early signs of depression (Boyce et al., 2001), longitudinal population 

studies are required (Berntson et al., 2007). 
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 In sum, RSA has been shown to mark individual differences in emotion-regulation abilities 

and a broad range of psychiatric disorders (Beauchaine, 2001, 2007), but not much is known about 

its role as a predictor of adolescent depressive symptoms and modifier of the association between 

stressful life events and depression in a normal population. Most studies done so far had relatively 

small samples, and longitudinal investigations with a long follow-up period are rare. The present 

study was designed to address these gaps. We examined the role of RSA in relationship to stressful 

life events and depressive symptoms, using a longitudinal design with two waves of data collection 

approximately two and a half years apart in a large population sample of pre- and young adolescents. 

Based on the extensive literature claiming that RSA is a marker for individual differences in emotion-

regulation abilities, we hypothesized that lower resting RSA would be associated with more 

concurrent depressive symptoms. Furthermore, we hypothesized that lower resting RSA would 

predict more depressive symptoms over time. Finally, with respect to the effects of stressful life 

events, we hypothesized that the impact of stressful life events would differ according to adolescents’ 

resting RSA, in that high resting RSA would protect against the depressogenic effects of stressful life 

events.  

 

5.2 Methods 

 

5.2.1 Sample 

 

The sample consisted of 1653 participants of the TRacking Adolescents’ Individual Lives Survey 

(TRAILS), a large prospective cohort study of Dutch (pre)adolescents, with the aim to investigate the 

development of mental health from preadolescence into young adulthood, both at the level of 

psychopathology and at the levels of underlying vulnerability and environmental risk (Huisman et al., 

2008). Data presented in this article are from the first (T1; March 2001 to July 2002) and second (T2; 

September 2003 to December 2004) assessment wave of TRAILS. Written informed consent was 

obtained from the participants’ parents. The study was approved by the Central Committee on 

Research Involving Human Subjects (CCMO).  

 

5.2.2 Sample selection 

 

The TRAILS target sample involved initially ten-to-eleven-year-olds living in five municipalities, in the 

North of the Netherlands, including both rural and urban areas. A total of 135 primary schools within 

these municipalities were approached with the request to participate in TRAILS of which 90.4% 

agreed to participate in the study. If schools agreed to participate, parents and (pre)adolescents were 

approached for enrollment in the study. Participants were excluded from the study if they were 

incapable of participating due to mental retardation or a serious physical illness or handicap, or if no 

Dutch-speaking parent or parent surrogate was available and it was not feasible to administer any of 

the measurements in the parent’s language. Of the 3145 eligible (pre)adolescents, 76.0% (N = 2230, 

mean age 11.09, SD = 0.56, 50.8% girls) enrolled in the study (i.e. both (pre)adolescent and parent 

agreed to participate). No differences between responders and non-responders were found regarding 
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associations between sociodemographic variables and mental health indicators. A more detailed 

description of the sampling procedure and methods is provided by De Winter et al. (2005). For 

practical reasons (e.g., moving to another town, time constraints), a subgroup of 1868 (83.8%) of the 

2230 adolescents participated in the autonomic measurements. This subsample did not differ from 

the rest of the TRAILS sample regarding sex and depressive symptoms, but was slightly older (mean 

age 11.57, SD = 0.52) than the general TRAILS sample, mainly because autonomic measurements 

started a few months after the TRAILS data collection had begun. Quality checks of the autonomic 

measurements resulted in 1759 reliable supine measurements, of which 8 were discarded because of 

extreme values (RSA ± 3 SD). Of the 2230 (pre)adolescents who participated in the baseline 

assessment, 96.4% participated in the second wave (N = 2149, mean age 13.55, SD = 5.37, 51.2% 

girls), which was held 2-3 years (mean 2.46, SD = 0.45) afterwards. The present study included only 

adolescents with both reliable autonomic values in supine position (n = 1751) and reliable depression 

data at both waves (1653 complete self-reports and 1461 complete parent reports). Participants with 

and without missing YSR data at T2 did not differ in terms of sex, age, and T1 YSR symptoms. 

Missing CBCL data at T2 were associated with higher CBCL scores at T1, but the differences were 

small (0.23 versus 0.19, t = 2.69, p = .01). Hence, the present subsample can be regarded as fairly 

representative of the TRAILS sample at large.  

 

5.2.3 Measures 

 

Data collection. At T1, well-trained interviewers visited one of the parents or guardians (usually the 

mother, 95.6%) at their homes for an interview covering a wide range of topics, including the 

participant’s developmental history and somatic health, parental psychopathology and care utilization. 

In addition, the parent was asked to fill out a questionnaire. Participants were measured at school, 

where they filled out questionnaires, in groups, under the supervision of one or more TRAILS 

assistants. Furthermore, intelligence and a number of biological and neurocognitive parameters were 

assessed individually (at school, except for saliva samples, which were collected at home). Teachers 

were asked to fill out a brief questionnaire for all TRAILS-children in their class. At T2, only 

questionnaire data were assessed, from the adolescents, their parents and their teachers. As in T1, 

the adolescents completed their questionnaires at school. Measures that were used in the present 

study are described more extensively below.  

 Depressive symptoms. At both T1 and T2, depressive symptoms during the past six 

months were assessed by the parent-reported Child Behavior Checklist (CBCL, Achenbach, 1991a) 

and the self-report version of this questionnaire, the Youth Self-Report (YSR, Achenbach, 1991b). 

The CBCL is one of the most commonly used questionnaires in current child and adolescent 

psychiatric research (Achenbach, 1991a; Verhulst & Achenbach, 1995). Because the original CBCL 

and YSR scales did not distinguish between anxiety and depressive symptoms, and to fit more 

closely with the clinical-diagnostic approach represented by the DSM (APA, 2006), Achenbach, 

Dumenci and Rescorla (2003) constructed DSM-IV scales for CBCL/YSR problem behaviors. In the 

present study we used the CBCL/YSR Affective Problems scale to assess depressive symptoms. 

This scale consist of 13 items (Cronbach’s α CBCL = .73, YSR = .77) covering depressed mood, 
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anhedonia, loss of energy, feelings of worthlessness and guilt, suicidal ideation, sleep problems, and 

eating problems. Test-retest reliabilities of the DSM-IV scales have been found to be adequate 

(CBCL: r = .88, YSR: r = .79; Achenbach et al., 2003), and the convergent validity of the Affective 

Problems scale with standardized clinical DSM-IV diagnoses of major depressive disorder and 

dysthymia assessed with the Anxiety Disorders Interview Schedule was strong (Ferdinand, 2008).  

 The agreement between parent-reported and adolescent-reported depressive symptoms 

was moderate (r = .28 at T1, .40 at T2), so both scales were analyzed separately. Corrected-item-

mean (CIM) imputation was employed to handle missing data (Huisman, 2000) if less than 30% of the 

answers were missing. If more items were left unanswered, the CBCL/YSR scale was considered 

incomplete and the data were discarded in subsequent analyses. The 97.5th percentile was used as 

a cut-off value to define (pre)adolescents in the clinical range. This cut-off score corresponds to a T-

score of 70, which is a usual criterion for clinical caseness.  

 Depression often co-occurs with anxiety and somatic problems. To assess the influence of 

possible comorbidity we used also the CBCL/YSR Anxiety (Cronbach’s α CBCL = .63, YSR = .64) 

and  Somatic Problems scale (Cronbach’s α CBCL = .69, YSR = .64). 

 Stressful life events. Life events experienced by the adolescent in the period between T1 

and T2 were assessed at T2, by means of a self-report questionnaire developed specially for this 

study and age group. The questionnaire contained 34 life events. From this list we selected 25 

stressful life events (SLEs) in the direct context of the participant, such as parental death or divorce, 

changes in family composition, severe illnesses in the family, serious quarrels with friends, romantic 

relationship breakups, and victimization. The items had a yes/no format to indicate whether or not an 

event had occurred in the last two years. The severity of the events was rated on a four-point scale 

ranging from not unpleasant (0) to very unpleasant (3). The events were approximately equally 

distributed across the severity scale, except for death of a dear one, parental divorce, serious illness, 

and conflicts with and between family members, which were relatively often rated as very unpleasant. 

Based on the assumption of a linear association between severity and number of SLEs and the 

probability of depression (e.g., Kendler et al., 1998), we added the severity scores to create a 

stressful life events index. This index ranged from 0 (21.8%) to 17, while 54.7% of the sample had a 

score of 3 or more. 

 Vagal tone. Autonomic measurements were performed individually in a quiet room at 

school, generally in the morning (8:30 a.m.-noon) and occasionally in the early afternoon (1:00-3:00 

p.m.). HR was registered by a three-lead electrocardiogram. Recordings did not start until after a few 

minutes of supine rest had passed and only after signals had reached a stabilized steady-state after 

circulatory readjustments of body fluid changes. Then, HR signals were registered for four minutes in 

the supine position during spontaneous breathing. Calculation of RSA was performed by power 

spectral analysis in the CARSPAN software program using estimation techniques based on Fourier 

transformations of interbeat-interval (IBI) series (Robbe et al., 1987). IBI refers to the time between 

two heart beats. RSA was defined as the IBI power in the high-frequency (0.15-0.40 Hz) band, and 

expressed in ms2. The analyzed time series were corrected for artifacts and checked for stationarity. 

The quality of the dataset was assessed based on heart rate data, and considered insufficient in 5.84 
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% of the cases. A more detailed description of the autonomic data assessment, analysis, and 

variables has been given in a previous report (Dietrich et al., 2006).  

 We are aware of contrasting perspectives on the need for assessing and controlling 

respiration, as recommended by the Task Force of the European Society of Pacing and 

Electrophysiology in 1996 (Berntson et al., 1997, 2007; Grossmann et al., 1990; Houtveen et al., 

2002; Ritz & Dahme, 2006). However, research shows that the amplitude of RSA is not affected by 

respiration frequency under baseline conditions (Denver et al., 2007). Another source of 

measurement variation is the use of spontaneous instead of paced breathing (Pitzalis et al., 1998). 

When breathing spontaneously, children differ in their breathing patterns (Saul et al., 1991), but the 

method of spontaneous breathing provides sufficiently reliable RSA measurements, provided that the 

children breath normally and avoid slow or irregular breathing (Pinna et al., 2006). 

 Other individual characteristics. Age, sex, physical activity, pubertal stage, medication, and 

body mass index (BMI) were assessed at T1. Participants indicated their level of physical activity by 

reporting how often they performed sports such as swimming, playing soccer, or horseback riding on 

a 5-point scale, ranging from 0 = (almost) never to 4 = six to seven times a week. Pubertal stage was 

assessed using schematic drawings of secondary characteristics associated with the five standard 

Tanner stages of pubertal development (Marshall & Tanner, 1969, 1970). During a parent interview, 

parents were provided with gender-appropriate sketches, and asked which of the sketched looked 

most like their child. These ratings have been widely used and have demonstrated good reliability 

and validity (Dorn et al., 1990). The use of medication was also assessed by means of 

questionnaires. Parents reported with a yes or no if their child used any prescribed medication in the 

past year. Children’s weight and height were assessed individually at school. BMI was determined for 

each child by dividing the weight (kg) by the square of the height (m2).  

 Information regarding other possible confounders, such as oral contraceptives use and 

smoking, was also available, but since there was no use of oral contraceptives (0%), and only very 

few regular smokers (only 1% of the sample had smoked 7 times or more) at T1, these variables 

were not included in this study. 

 

5.2.4 Statistical Analysis 

 

The RSA values were transformed to their natural logarithm to approximate a normal distribution, and 

RSA, life events and all symptom variables were transformed to z-scores to ease interpretation of the 

regression coefficients. Sex differences in depressive symptoms and RSA were examined by means 

of t-tests. Sex, age, physical activity, pubertal stage, and BMI are potential confounders of the 

relationship between RSA and psychopathology, and were therefore included in all analyses. 

Because RSA and SLEs may be differentially associated with depressive symptoms in boys and girls, 

their effects were tested for sex differences by means of interaction terms. All analyses were 

performed separately for both informants (self-reports, parent reports), using SPSS 14.0.2.  

 Cross-sectional associations between RSA and depressive symptoms at T1. To study 

resting RSA in relation to concurrent depressive symptoms at T1, we performed a linear regression 

analysis with depressive symptoms at T1 as the dependent variable, and RSA as the predictor. The 
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effects of RSA were adjusted for sex (coded as girls = 0 and boys = 1) and the above-mentioned 

confounders.  

 Prospective association between RSA and symptoms at T2. To examine resting RSA as a 

predictor of depressive symptoms at T2, we performed a linear regression analysis with depressive 

symptoms at T2 as dependent variable, and RSA as the predictor. In this analysis, the effect of RSA 

was not only adjusted for sex and the above mentioned confounders, but also for depressive 

symptoms at T1, in order to examine to what extent RSA predicted changes in depressive symptoms 

between T1 and T2.  

 RSA as a moderator of the association between stressful life events and symptoms at T2. 

Finally, we examined if RSA moderated the association between SLEs and depressive symptoms at 

T2, by testing the effects of RSA, SLEs, and the interaction of RSA and SLEs on depressive 

symptoms at T2, again adjusting for sex, the above-mentioned confounders, and depressive 

sympoms at T1. To ease interpretation of the regression coefficients, RSA and SLEs were 

standardized to means 0 and standard deviation 1. Interaction terms were created by multiplying the 

standardized scores. For each of the effects entered in the regression models, we examined 

interactions with sex in a second step. We also entered the three-way interaction of RSA by SLEs by 

sex. The interactions were maintained in the model if they improved the model significantly. In case of 

significant interaction effects, post hoc analyses were performed in each of the subgroups involved, 

to further examine the nature of the differences.  

 To assess to what extent associations (if any) were due to co-occurring mental health 

problems, the cross-sectional regression model was repeated including T1 anxiety and T1 somatic 

symptoms as predictor variables, and the two prospective regression models were repeated including 

T2 anxiety and T2 somatic symptoms. 

 Approximately one-third of the participants (N=464, 50.6 % girls) had used any kind of 

prescribed medication in the past year. As an added precaution, analyses were repeated including 

only the unmedicated subgroup. To increase the comparability to clinical samples, the analyses were 

also repeated including only individuals within the clinical range of depression (self-reported N=27: 13 

girls and 14 boys; parent-reported N=39: 18 girls and 21 boys). Since we performed several statistical 

tests, the results may suffer from capitalization on chance. To keep the probability of chance findings 

acceptably low, only p-values ≤ .01 were considered statistically significant. 

 

5.3 Results 

 

5.3.1 Descriptive Statistics 

 

Table 1 shows sex-specific means and standard deviations of the variables used in this study. There 

were no sex differences regarding self-reported depressive symptoms at T1, but girls reported 

significantly more anxiety and somatic symptoms at T1, and had lower RSA values than boys. At T2, 

girls reported significantly more depressive, anxiety and somatic symptoms, as well as more stressful 

life events than boys. No sex differences were found regarding parent-reported depressive and 

anxiety symptoms at T1 and T2, but girls had significantly more somatic symptoms than boys. 
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5.3.2 Cross-sectional associations between RSA and  

depressive symptoms at T1 

 

RSA was not significantly associated with depressive symptoms at T1, neither without adjustment for 

anxiety and somatic symptoms (self-reported symptoms: B = 0.02, p = .49; parent-reported 

symptoms: B = 0.01, p = .77), nor with adjustment for comorbid problems (self-reported symptoms: B 

= 0.01, p = .65; parent-reported symptoms: B = 0.03, p = .15). Furthermore, in both models, no 

interactions with sex were found. We found largely comparable results when we replicated the 

analyses in the unmedicated subgroup (self-reported symptoms: unadjusted B = 0.02, p = .58, 

adjusted B = 0.01, p = .54; parent-reported symptoms: unadjusted B = 0.02, p = .60, adjusted B = 

0.03, p = .26). In the clinical range subgroup RSA was not significantly associated with depressive 

symptoms either (self-reported symptoms: unadjusted B = 0.16, p = .17, adjusted B = 0.13, p = .31; 

parent-reported symptoms: unadjusted B = 0.32, p = .03, adjusted B = 0.27, p = .06), but it did show 

a trend towards a positive association with parent-reported depressive symptoms.  

 

5.3.3 Prospective association between RSA and symptoms at T2 

 

After adjusting T2 depressive symptoms for T1 depressive symptoms, RSA did not significantly 

predict depressive symptoms at T2 (self-reported symptoms: B = 0.04, p = .08; parent-reported 

symptoms: B = 0.04, p = .11). The results remained virtually unchanged when we also adjusted for 

T2 anxiety and somatic symptoms (self-reported symptoms: B = 0.04, p = .06; parent-reported 

symptoms: B = 0.04, p = .06). Furthermore, in both models, no interactions with sex were found. The 

unmedicated subgroup yielded comparable results without adjustment for anxiety and somatic 

symptoms (self-reported symptoms: B = 0.05, p = .05; parent-reported symptoms: B = 0.05, p = .07), 

and with adjustment in the parent-reported symptoms (B = 0.04, p = .10).  In the self-reported data, 

RSA showed a significant positive association with depressive symptoms when adjusted for anxiety 

and somatic symptoms (B = 0.06, p = .01), but the effect was small. In the clinical subgroup, RSA 

was no significant predictor of depression (self-reported symptoms: unadjusted B = 0.04, p = .89, 

adjusted B = -0.17, p = .94; parent-reported symptoms: unadjusted B = 0.55, p = .05, adjusted B = 

0.40, p = .12).  

In conclusion, RSA showed a trend towards a positive association with the development of 

depressive symptoms at T2. After adjustment for anxiety and somatic symptoms, this association was 

significant for self-reported depressive symptoms in the unmedicated subgroup. It is further 

noteworthy that the association between RSA and parent-reported depressive symptoms found in the 

clinically subgroup was, although only marginally significant, much larger (B = 0.55) than in the 

normal population sample (B = 0.04).  
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5.3.4 RSA as a moderator of the association between stressful life events and symptoms at T2 

 

Table 2 shows the coefficients of the models including RSA, stressful life events (SLEs), and their 

interaction. RSA did not moderate the association of SLEs with self- or parent-reported depressive 

symptoms at T2 (p-values > .22). The unmedicated subgroup yielded comparable interaction effects 

(self-reported symptoms: unadjusted B = -0.05, p = .09 , adjusted B = -0.04, p = .14; parent-reported 

symptoms: unadjusted B = -0.01, p = .65, adjusted B < 0.01, p = .98).  

 Also the analyses in the clinical range subgroup yielded comparable results, both without 

and with adjustment for anxiety and somatic symptoms (self-reported symptoms: unadjusted B = 

0.03, p = .90, adjusted B = 0.30, p = .10; parent-reported symptoms: unadjusted B = 0.57, p = .14, 

adjusted B= 0.39, p = .31). In conclusion, we found no effects suggesting that high RSA protected 

against the depressogenic effects of SLEs.1, 2 

 

5.4 Discussion 

 

We examined the role of resting RSA in predicting depressive symptoms and moderating the 

association between stressful life events and depressive symptoms in a large longitudinal population-

based sample of young adolescents. Based on the extensive literature claiming RSA to be a marker 

for individual differences in emotion-regulation abilities, we hypothesized that lower levels of resting 

RSA would be associated with more current and future depressive symptoms, and enhance the  

depressogenic effects of stressful life events. None of these expectations were corroborated by the 

results. Resting RSA was not associated with concurrent depressive symptoms in our normal 

population sample, nor was it found to be a modifier of the associations between stressful life events 

and depressive symptoms two years later. We did find a significant positive association between RSA 

and future self-reported depressive symptoms in the unmedicated subgroup, when adjusted for 

anxiety and somatic symptoms. Furthermore, our data showed several trends for high levels of 

resting RSA being associated with more concurrent depressive symptoms within the clinically 

depressed subgroup, and with more future depressive symptoms in the normal population as well as 

within the clinically depressed subgroup. 

The finding that low RSA was not associated with more concurrent depressive symptoms in our 

sample was consistent with a few other reports (e.g.,Moser et al., 1998; Yeragani, 1991, Vaccarino et 

al., 2008), but contrasts with most previously published studies (Carney et al., 1995; Reichlin et al., 

1994), and with the findings from a recent meta-analysis (Rottenberg, 2007).  Previous findings were  

                                                 
1 Results of the analyses did not differ when the dependent variables were squareroot-
transformed, except that the marginally significant association of RSA and parent-reported 
depressive symptoms at T2 was no longer found (unadjusted and adjusted p > .25). 
2 Age, physical activity, pubertal stage and BMI were included as possible confounders in all 
analyses presented. Models without these covariates yielded comparable results in terms of 
statistical significance and strength of the associations.  
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Table 1 Descriptive Statistics of the Variables Used in This Study, for Girls and Boys Separately 

 Girls Boys Difference a 

 Mean (SD) N Mean (SD) N T Df  p 

RSA ln (msec2) 7.28 (1.27) 864 7.50 (1.32) 812 -3.43 1656 .001 

SLEs (0-17) 4.13 (3.85) 864 3.08 (3.04) 812 6.24 1628 < .001 

T1 Depressive Symptoms       

  YSR 

  CBCL 

 

0.30 (0.25) 

0.18 (0.18) 

 

852 

751 

 

0.29 (0.25) 

0.19 (0.20) 

 

793 

702 

 

1.03 

-1.12 

 

1632 

1415 

 

.30 

.26 

T1 Anxiety Symptoms   

  YSR 

  CBCL 

 

0.39 (0.31) 

0.32 (0.30) 

 

851 

751 

 

0.32 (0.30) 

0.31 (0.30) 

 

793 

702 

 

4.86 

0.72 

 

1641 

1442 

 

< .001 

.47 

T1 Somatic Symptoms  

  YSR 

  CBCL 

 

0.50 (0.33) 

0.25 (0.26) 

 

842 

742 

 

0.42 (0.32) 

0.19 (0.23) 

 

783 

692 

 

5.40 

4.33 

 

1620 

1430 

 

< .001 

< .001 

T2 Depressive Symptoms       

  YSR 

  CBCL 

 

0.31 (0.27) 

0.15 (0.19) 

 

852 

751 

 

0.22 (0.21) 

0.15 (0.19) 

 

793 

702 

 

7.59 

0.35 

 

1593 

1438 

 

< .001 

.72 

T2 Anxiety Symptoms   

  YSR 

  CBCL 

 

0.43 (0.33) 

0.23 (0.26) 

 

852 

750 

 

0.27 (0.27) 

0.21 0(.26) 

 

793 

702 

 

10.84 

1.21 

 

1624 

1445 

 

< .001 

.23 

T2 Somatic Symptoms  

  YSR 

  CBCL 

 

0.38 (0.30) 

0.21 (0.24) 

 

845 

736 

 

0.26 (0.27) 

0.15 (0.21) 

 

785 

691 

 

8.93 

4.89 

 

1621 

1415 

 

< .001 

< .001 

Age (years) 11.57 (0.52) 864 11.57 (0.51) 812 -0.02 1670 .82 

Physical Activity (0-4) 1.68 (1.06) 861 2.16 (1.25) 803 -8.46 1575 < .001 

Pubertal Stage (0-5) 1.94 (0.83) 840 1.72 (0.55) 770 6.45 1462 < .001 

BMI (kg/m2) 18.20 (3.15) 856 17.72 (2.91) 807 3.23 1660 < .001 

RSA, Respiratory Sinus Arrhythmia; SLEs, Stressful Life Events; YSR, Youth Self Report; CBCL, Child Behavior 

Checklist; BMI, Body Mass Index. 

a  Test statistics adjusted for unequal variances. 
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Table 2 Self (YSR) and parent reported Depressive Symptoms (CBCL) at T2 as predicted by RSA and SLEs and 

their interaction, unadjusted and adjusted for anxiety and somatic symptoms at T2  

 T2  Depressive Symptoms 

YSR 

T2 Depressive Symptoms 

CBCL 

Unadjusted Adjusted Unadjusted Adjusted  

B (p) B (p) B (p) B (p) 

Sex (girls: 0; boys: 1) - 0.23 (< .001) - 0.01 (.72) < 0.01 (.99) -0.07 (.10) 

T1 Depressive Symptoms   0.43 (<.001) 0.29 (<.001) 0.56 (< .001) 0.37 (< .001) 

RSA (z) 0.04 (.04) 0.04 (.04) 0.04 (.11) 0.04 (.07) 

SLEs (z) 0.26 (< .001) 0.14 (<.001) 0.13 (<.001) 0.07 (< .001) 

SLEs x RSA - 0.02 (.22) - 0.01 (.49) < 0.01 (.95) 0.01 (.57) 

T2 Anxiety Symptoms  ─ 0.38 (<.001) ─ 0.39 (< .001) 

T2 Somatic Symptoms ─ 0.14 (<.001) ─ 0.16 (< .001) 

YSR, Youth Self Report; CBCL, Child Behavior Checklist; RSA, Respiratory Sinus Arrhythmia: SLEs, Stressful 

Life Events.  

All effects were adjusted for age, physical activity, pubertal stage and BMI 

 

mostly based on individuals diagnosed with clinical depression (Rottenberg, 2007). The present data 

do not support extension of these findings to (pre)adolescents from the general population with 

relatively mild depressive symptoms.  

 Our finding that individuals with higher RSA values had higher (residualized) future 

depressive symptoms is consistent with findings reported by Rottenberg et al. (2002), although the 

latter results did not replicate (Rottenberg, 2007; Rottenberg et al., 2007a). Methodological 

differences and symptomatic heterogeneity across samples may account for inconsistencies in 

results of prior RSA studies (Rottenberg et al., 2007a). This is illustrated by inconsistencies in our 

own study, where RSA was related to current parent-reported but not self-reported depressive 

symptoms in the clinical subgroup. The agreement between parent- and self-reported depression 

tends to be low (Comer & Kendall, 2004). The necessity of multiple informants in diagnostic 

evaluation of adolescents is repeatedly stressed in child psychiatric clinical research (Berg-Nielsen et 

al., 2003), but there is still uncertainty about how to interpret discrepancies. Optimal use of multi-

informant data is warranted and models taking these differences into account are needed (Noordhof 

et al., 2008). Consistent with the notion of symptomatic heterogeneity, Rottenberg et al. (2002, 

2007a) found no overall association between RSA and depression severity, but discovered, by taking 

a symptom-by-symptom approach, that symptoms of sadness and crying were associated with high 

RSA, whereas symptoms of suicide were associated with low RSA. De Jonge et al. (2007) found that 

the somatic, and not the cognitive, depressive symptoms were inversely associated with resting RSA 

levels in a large group of patients (N = 863) with stable coronary heart disease. Likewise, in the same 

data set as used in the present study (Bosch et al., unpublished data), we found that the cognitive-
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affective, and not the somatic, depressive symptoms were positively associated with concurrent RSA 

values. The combination of different depression symptom profiles and the use of different depression 

scales, some with relatively many somatic and others with more affective or cognitive items, may thus 

relate to the discrepant findings in RSA studies. This raises also the possibility that the findings that 

recovery from depression tends to covary with RSA (Chambers & Allen, 2002) is due to improvement 

of some, but not all depression symptoms.  

 Only a few, relatively small, studies investigated the role of RSA as a modifier of future 

mental health outcomes (El-Sheik et al., 2001, 2005; Fabes & Eisenberg, 1997; Katz & Gottman, 

1995, 1997). These studies found that children with a lower resting RSA level were more likely to 

develop internalizing and externalizing problems in the context of parental problem drinking and 

frequent marital conflict. Our results are not consistent with these findings. A possible explanation for 

this is that in the studies mentioned, RSA was investigated in the context of stressful parent-child 

interactions or daily hassles, while in our study it was investigated in the context of stressful life 

events. Daily hassles, marital conflict and parental drinking during childhood have a more chronic 

character and the consequences may have a longer lasting impact on children and adolescents than 

stressful life events, which usually have a more occasional character. Perhaps RSA interacts with 

chronic rather than intermittent stressors. The diverging results are unlikely to be due to the fact that 

we did not use the broadband domains of internalizing and externalizing problems as outcome 

measures; Oldehinkel et al. (2008) recently examined RSA and SLEs as predictors of general mental 

health problems and did not find evidence for an interaction effect either. Yet, it is possible that other 

problems within the internalizing domain are more strongly associated to the RSA than depressive 

symptoms as assessed by the Affective Problems scale. In fact, post hoc analyses in our sample 

revealed significant or marginally significant interaction effects of RSA and stressful life events with 

regard to self-reported anxiety symptoms (unadjusted B= -0.05, p= .03; adjusted for depressive and 

somatic symptoms B= -0.04, p=.04) and somatic symptoms (unadjusted B= 0.05, p= .03; adjusted for 

depressive and anxiety symptoms B = 0.06, p= .01) in the normal population sample. These results 

were not found in the unmedicated and the clinical range subgroups, nor for parent-reported anxiety 

or somatic symptoms. These results might suggest that interactions of RSA and stressful life events 

may concern anxiety or somatization rather than depression. 

 Our study had a number of notable assets. Firstly, the sample size was large compared to 

most other studies involving physiological assessments, which yielded sufficient power to detect 

small differences. Secondly, we used multiple informants (parent and children) to obtain depressive 

symptoms, which reduce the bias associated with mono-informant information (Angold & Costello, 

1996). Thirdly, the longitudinal of nature of our study allowed the investigation of the predictive value 

of RSA, both direct and as a modifier of the effect of stressful life events.  

 A limitation of the study is that life events were based on retrospective self-reports instead 

of interview ratings taking into account contextual information (Brown & Harris, 1978). Individuals with 

depressive symptoms tend to over-report the number and severity of stressful life events (Brewin et 

al., 1993). A second limitation is that the CBCL/YSR Affective Problems scale was constructed on the 

basis of expert ratings of the original, empirically derived, CBCL and YSR items, and not originally 

developed to assess depressive problems according to DSM-IV criteria. Consequently, the items do 
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not represent one-to-one counterparts with all DSM-IV criteria. However, the convergent validity of 

the Affective Problems scale with standardized clinical DSM-IV diagnoses of major depressive 

disorder and dysthymia assessed with the Anxiety Disorders Interview Schedule was strong 

(Ferdinand, 2008). Another limitation of the CBCL/YSR Affective Problems scale is the use of a six 

month time window, which precludes a clear distinction of state and trait effects. As the severity of 

depressive problems may covary with RSA (Chambers & Allen, 2002), multiple assessments of RSA 

and multiple assessments of state depression are needed to distinguish between state and trait 

effects. A final limitation is that RSA was measured at rest, not during psychological stress. Perhaps 

depressive symptoms are associated with RSA reactivity rather than with RSA baseline 

measurements. Evidence of this was shown by Rottenberg et al. (2005b), who found that a higher 

degree of vagal withdrawal in response to a sad film predicted full recovery from depression 6 month 

later in depressed patients.  

 To conclude, our findings suggest that a physiological profile characterized by a low level of 

RSA cannot be used to identify young adolescents at risk for depressive symptoms when confronted 

with stressful life events. Instead, several trends were found for high levels of resting RSA being 

associated with more concurrent depressive symptoms within the clinically depressed subgroup, and 

more future depressive symptoms in the normal population as well as the clinically depressed 

subgroup. 

 An important extension in future work will be to investigate depression on a symptom-by-

symptom level, because symptom heterogeneity may obscure associations with RSA (Rottenberg et 

al., 2007a). Furthermore, studies are needed that investigate if environmental factors such as 

stressful life events can induce temporary or lasting changes in resting RSA, and if such changes are 

associated with differences in the risk of depressive problems. In addition, it might be worthwhile to 

investigate more chronic stressors in relation to RSA.  
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Abstract 

 

Objective: Depression is a well-known risk factor for cardiovascular disease and mortality. 

Dysregulation of the autonomic nervous system (ANS) and the hypothalamic-pituitary-adrenal (HPA-) 

axis have been proposed as underlying mechanisms. Several studies suggest that only a subset of 

the depression symptoms account for associations with cardiovascular prognosis. This study 

examined the possibility that somatic and cognitive-affective depressive symptoms are differentially 

related with the ANS and the HPA-axis in a large non-clinical sample of preadolescents.  Methods: 

Self-reported somatic and cognitive-affective depressive symptoms were examined in relation to 

heart rate variability (HRV), spontaneous baroreflex sensitivity (BRS), and the cortisol awakening 

response (CAR) in 2049 preadolescents (mean age 11.1 years, 50.7 % girls) from the general 

population cohort TRAILS. Results: Physiological measurements were not associated with the 

overall measure of depressive symptoms. Somatic depressive symptoms were negatively related to 

HRV and BRS, and positively to the CAR; cognitive-affective depressive symptoms were positively 

related to HRV and BRS, and negatively to the CAR. Associations with the CAR pertained to boys 

only. Conclusions: Somatic and cognitive-affective depressive symptoms differ in their association 

with both cardiac autonomic and HPA-axis function in preadolescents. Particularly somatic 

depression symptoms may mark cardiac risk.  

 

6.1 Introduction 

 

Depression has been shown to be associated with worse prognosis and mortality in patients with 

various cardiovascular diseases (CVD) (Barth, et al. 2004; Nicholson et al., 2006; Van Melle et al., 

2004). Also without the presence or a prior history of heart disease, depressed individuals are at 

increased risk of CVD and cardiac death (Van der Kooy et al., 2007). Even subclinical levels of 

depressive symptoms have been found to be proportionally associated with cardiovascular mortality 

and morbidity in both patients with CVD and healthy individuals (Van der Kooy et al., 2007). 

 Alterations of the cardiac autonomic nervous system (ANS) and the hypothalamic-pituitary-

adrenal (HPA)-axis have been proposed as possible physiological links between depression and 

cardiovascular prognosis (Grippo et al., 2002; Musselman et al., 1998). Low heart rate variability 

(HRV) and reduced baroreflex sensitivity (BRS) are not only well-established risk factors for cardiac 

mortality in patients with CVD (La Rovere et al., 2001), but have also been related to depression in 

individuals with (8,9) and without CVD (Broadley et al., 2005; Vaccarino et al., 2008). Likewise, 

elevated cortisol levels have been associated with CVD and increased mortality risk in patients with 

chronic heart failure (Güder et al., 2007, Bhattacharyya et al., 2008), as well as with depression in 

individuals with (Otte et al., 2004) and without (Pruesnner et al., 2003) CVD, although decreased 

levels of cortisol have also been reported (Bhattacharyya et al., 2008; Ahrens et al., 2008).  

 Depression is a heterogeneous disorder, involving a range of cognitive, somatic and 

affective symptoms. Several recent studies suggest that only a subset of the depression symptoms 

account for the associations with cardiovascular prognosis (Barefoot et al., 2000; De Jonge et al., 
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2006; Linke et al., 2009). De Jonge et al. (2006) showed that in myocardial infarction (MI) patients, 

somatic/affective depressive symptoms were associated with a poor cardiovascular prognosis 2.5 

years later, while cognitive/affective depressive symptoms were not. These findings were recently 

replicated in a study by Linke et al. (2009) in women with suspected myocardial ischemia. 

Furthermore, Watkins et al. (2003) reported that somatic depressive symptoms in depressed MI 

patients were more strongly related to medical comorbidity than non-somatic (cognitive) depressive 

symptoms. Barefoot et al. (2000), on the other hand, found that only affective and not somatic 

depressive symptoms predicted long-term mortality in a sample of patients hospitalized for coronary 

angiography. This seeming contradiction might partly be explained by different instruments used or 

item overlap. In fact, Barefoot’s affective dimension overlapped considerably with De Jonge’s 

somatic/affective dimension; that is, both contained sadness, crying, and irritability. In sum, despite 

differences in design, sample, and measures used, all studies concluded that cardiovascular 

prognosis and mortality could be predicted from some, but not all symptoms of depression.  

 Although evidence has been accumulating that symptom dimensions of depression are 

differentially related to cardiovascular prognosis, associations with more general cardiac autonomic 

function largely remain to be determined. A recent study (De Jonge et al., 2007) revealed that low 

HRV was related to somatic and not to cognitive depressive symptoms, which suggests the presence 

of such differential associations indeed. However, this study was conducted in MI patients, not in non-

diseased individuals, which may have affected the results. At present, studies regarding young 

individuals without any CVD are lacking. Another issue that still needs clarification regards the 

possibility that somatic and cognitive symptoms also have a differential relationship with HPA-axis 

functioning, which could suggest a broader risk profile than just cardiovascular prognosis. 

 The purpose of this study was to investigate possible specific associations of somatic and 

cognitive-affective depressive symptoms with HRV, BRS and the cortisol awakening response (CAR) 

in a large population cohort of preadolescents. The study sample was 10-12 years old, an age at 

which the large modifications in cardiac autonomic function observed in childhood tend to level off 

(Goto et al., 1997; Massin et al., 1997; Silvetti et al., 2001), and cortisol production rates resemble 

adult levels (Goodyer et al., 2009). Several studies (e.g., Goodyer et al., 2009; Kagan et al., 1987; 

Monk et al, 2001), also within the present cohort (Bosch et al., 2009; Greaves-Lord et al., 2007), have 

examined and – sometimes – found associations of autonomic measures and cortisol with 

internalizing problems in children and adolescents, but none has explicitly focused on heterogeneity 

within the depressive spectrum so far.   

  

6.2 Methods 

 

6.2.1 Subjects 

 

This study is based on data from the TRacking Adolescents’ Individual Lives Survey (TRAILS), a 

large cohort study of Dutch adolescents (Dietrich et al., 2006). The current paper concerns a cross-

sectional analysis of data collected at baseline (March 2001 to July 2002), which involved 2230 
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children (response rate 76.0%, mean age 11.09, SD = 0.56, 50.8% girls). Detailed information about 

the sample selection and nonresponse has been given elsewhere (De Winter et al., 2005). Parental 

written informed consent was obtained after complete description of the study, and all preadolescents 

participated in the measurements voluntarily. The study was approved by the Central Committee on 

Research Involving Human Subjects (CCMO). 

 Of the total sample of 2230 preadolescents, 2049 (91.9%) participated in the autonomic or 

HPA-axis measurements (1868 in the autonomic measurements, 1768 in the HPA-axis 

measurements). The participants did differ from the rest of the TRAILS sample regarding sex and 

depressive symptoms. Quality checks of the autonomic measurements, described in detail by Dietrich 

et al. (2006), resulted in 1781 reliable HRV and 1472 BRS measurements, with scores of self-

reported depressive symptoms recorded for 1765 and 1462 subjects, respectively. Complete 

assayable morning cortisol samples were available for 1667 participants, of whom 1640 had valid 

self-reported depressive symptoms scores. 

 

6.2.2 Depressive symptoms 

 

Depressive symptoms were assessed by the Youth Self-Report (YSR), a self-reported evaluation of 

the child’s emotional and behavioral problems in the past six months (34). Questionnaires were filled 

out at school in groups, under the supervision of one or more TRAILS assistants. The 13 items 

(covering depressed mood, anhedonia, loss of energy, feelings of worthlessness and guilt, suicidal 

ideation, sleep problems, and eating problems) of the YSR Affective Problems Scale (Cronbach’s α = 

.77) reflect symptoms of a Major Depressive Episode according to the DSM-IV (Achenbach 

&Rescorla, 2001). Each item could be rated as 0 = not true, 1 = somewhat or sometimes true, or 2 = 

very true or often true. The scale score represents the mean item scores. The convergent validity of 

the Affective Problems scale with standardized clinical DSM-IV diagnoses of major depressive 

disorder and dysthymia has been found to be adequate (Ferdinand et al., 2008).  

 Corrected-item-mean imputation (Huisman et al., 2008) was employed to handle missing 

data if less than 30% of the items were unanswered. If more items were unanswered, the YSR scale 

was considered incomplete and the data were discarded in subsequent analyses (n = 44). 

Preliminary analysis showed that all item-total correlations were higher than .35, except for the item “I 

sleep more than most kids” (r = .24), omission of which increased the internal consistency. The 

remaining 12 items were divided into a somatic subscale (5 items, Cronbach’s α = .58) and a 

cognitive-affective subscale (7 items, Cronbach’s α = .67), based on item content. The items are 

listed in Table 1. Confirmative factor analysis using MPlus 3.11 software yielded empirical support for 

these two YSR subscales, with goodness-of-fit indices (CFI = .92, TLI = .94, RSMEA = .06, SRMR = 

.06) that indicated an adequate fit to the sample data (38,39). The two depression dimensions were 

moderately correlated (r = .46). 
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6.2.3 Cardiac autonomic measures 

 

Individual measurements of heart rate (HR) and blood pressure (BP) took place in a quiet room at 

school, generally in the morning (0830-1200 h) and occasionally in the early afternoon (1300-1500 h). 

Participants were informed about the procedure while in the supine position, and encouraged to relax 

and not to move or speak during the data acquisition. HR was measured by three precordial leads 

and continuous BP by using a Portapress device. Recordings did not start until signals had reached a 

stabilized steady-state. All in al, children were in supine position for about 5 minutes before 

measurements started. BP and HR signals were registered for four minutes in supine position during 

spontaneous breathing. Recordings were digitized using a DAS-12 data acquisition card for 

notebooks (Keithley Instruments, Cleveland, Ohio), and stored on hard disk for offline analysis. The 

sample rate was 100 Hz. We used a special interpolation algorithm, which increased the time 

resolution for R-peak detection by a factor of 2.5. This resulted in inter-beat-intervals (IBIs) with 

sufficient resolution for HRV determination (for further information on this procedure see 40). 

Calculation of HRV and BRS was based on power spectral analysis using the CARSPAN spectral 

analysis software program. CARSPAN allows for the Discrete Fourier Transformation of non-

equidistant BP and IBI-series. The analyzed time series were checked and corrected for artefacts, as 

described by Dietrich et al. (2006). HRV was defined as the IBI power in the low-frequency (LF; .07-

.14 Hz) and high-frequency (HF; .15-.40 Hz) band, respectively, and expressed in ms2. Although 

sometimes debated (e.g., 41), the HRV in the LF band (HRV-LF) is largely assumed to reflect both 

sympathetic and vagal modulation of cardiac control (Parati et al., 2006). HRV in the HF band (HRV-

HF) is associated with the respiratory cycle and often referred to as respiratory sinus arrhythmia 

(RSA), and results from centrally mediated cardiac vagal activity. Hence, HRV-HF is considered as 

an index of vagal tone. BRS was defined as the mean modulus between systolic BP and IBI in the LF 

band and is expressed in ms/mmHg (Greaves-Lord et al., 2007; Van Roon et al., 2004; Greaves-Lord 

et al., 2010).  

 We are aware of contrasting perspectives on the need to assess and control for respiration, 

as recommended by the Task Force of the European Society of Pacing and Electrophysiology in 

1996 (e.g., Robbe et al., 1987; Bernston et al., 1997; Grossman et al., 1990; Ritz et al., 2006). 

However, research has shown that the amplitude of HRV is not affected by respiration frequency 

under baseline conditions (Denver et al., 2007). Another source of measurement variation is the use 

of spontaneous instead of paced breathing (Pitzalis et al., 1998). When breathing spontaneously, 

children differ in their breathing patterns (Saul et al., 1991), but the method of spontaneous breathing 

provides sufficiently reliable HRV measurements, provided that the children breathe normally and 

avoid slow or irregular breathing (Pinna et al., 2006). 

 

6.2.4 Cortisol 

 

Participants received a verbal and written instruction to collect saliva at home immediately after 

waking up while still lying in bed (Cort1) and 30 min after awakening (Cort2), using the Sarstedt 

Salivette device. Participants were instructed not to collect saliva when feeling ill (e.g., having a cold, 



CHAPTER 6 

102 

headache) or when menstruating, and if possible, to refrain from taking medication. Furthermore, 

both the sampling and the preceding day should be normal school days, without special events or 

stressful circumstances. Deviations from this protocol had to be recorded on an accompanying form. 

Concerning the sampling procedure, participants were instructed to thoroughly rinse their mouth with 

tap water and not to consume sour products or brush their teeth shortly before sampling saliva. 

Directly after sampling, saliva samples were stored by participants in their freezer and mailed as soon 

as possible to the institute. The mean self-reported sampling-time of the morning samples was 0700 

h for Cort1 and 0730 h for Cort2. Salivary cortisol was measured by a time-resolved immunoassay 

with fluorometric detection (DELFIA) with intra- and inter-assay coefficients of variation of 4.0-6.7% 

and 7.1-9.0%, respectively (Rosmalen et al., 2005).  

  

6.2.5 Covariates 

 

Sex, age, physical activity, physical health, and body mass index (BMI) were included as covariates. 

Participants indicated their level of physical activity by reporting how often they performed sports 

such as swimming, playing soccer, or horseback riding on a 5-point scale, ranging from 0 = (almost) 

never to 4 = six to seven times a week. Physical health was based on the number of parent-reported 

physical health problems of the preadolescent during the past year. BMI was calculated by dividing 

the weight (kg) by the square of the height (m2). Information regarding oral contraceptives use and 

smoking was also available, but since none of the participants used oral contraceptives, and only 

very few (< 1 %) were regular smokers, these variables were not included in this study. 

 

6.2.6 Data cleaning 

 

Participants with extreme (> 3 SD from the mean) HRV (n = 12) or BRS (n = 12) values were 

excluded from ANS analyses, resulting in 1753 cases with valid HRV and 1450 cases with valid BRS 

data. There were fewer BRS than HRV data, because calculation of the BRS requires both valid HR 

and valid BP measurements, while calculation of the HRV is only based on HR data. Sixty 

participants were excluded from the cortisol analyses due to the use of corticosteroid-containing 

medication (n = 22), extreme cortisol values (> 3 SD from the mean, n = 29), or lack of compliance 

with the protocol (n = 9). Lack of compliance was defined as failing to take the first sample within 5 

minutes of awakening or the second sample between 25 and 35 minutes after awakening. This 

resulted in 1580 participants for whom the cortisol awakening response (CAR) could be calculated. 

The CAR was measured by the trapezoid method using the AUC with respect to the increase, as 

described by Pruessner et al. (2003), which comes down to ((Cort2 – Cort1)/2)*0.50. This measure 

emphasizes changes over time. For 459 (29%) of the 1580 participants, cortisol levels did not rise 

after awakening, but were lower than or equal to half an hour after awakening than immediately after 

waking up. This percentage of participants with a negative cortisol slope (CAR nonresponders) is 

comparable to percentages reported by others (Kudielka et al., 2003; Gold et al., 2002).  
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6.2.7 Statistical Analysis 

 

To approximate a normal distribution, all autonomic variables were transformed to their natural 

logarithm. In addition to the (transformed) levels of HRV-LF and HRV-HF, we also calculated 

normalized units, that is, the power in the low- and high-frequency spectrum, respectively, divided by 

the total power minus the very low frequency component. Significance levels (two-tailed) were set at 

p < .05 for all analyses. All analyses were performed in SPSS (version 14, SPSS Inc, Illinois). 

 First, we examined associations of HRV, BRS and CAR with overall depressive symptoms. 

Separate linear regression analyses were conducted with each physiological measure (HRV-LF, 

HRV-HF, BRS, and CAR) as the dependent variable and the overall depressive symptoms scale as 

the predictor. Subsequently, these analyses were repeated with the somatic and cognitive-affective 

depressive symptoms scales as predictors (in a single model, so adjusted for each other), to examine 

differences between the two subscales.   

 Gender, age, BMI, physical activity, and physical health were considered possible 

confounders and therefore included as covariates in all analyses. Furthermore, for each of the 

depression variables entered in the regression models, we tested interactions with sex (coded as girls 

= 0 and boys = 1) in a second step. In case of significant interaction effects, post hoc analyses in 

each of the subgroups were performed to explore the nature of the differences. 

 

6.3 Results 

 

6.3.1 Descriptive statistics 

 

Items of the somatic and cognitive-affective depressive symptoms scale are listed in Table 1. Means 

and standard deviations of all variables used in this study are shown in Table 2. As might be 

expected, the three autonomic measures were strongly correlated (rHRVLF–HRVHF = .81, rHRVLF–BRS = .69, 

rHRVHF–BRS = .64; all p-values < .01), while none of the autonomic measures was significantly 

correlated with the CAR (rHRVLF–CAR = .04, rHRVHF–CAR = .05, rBRS–CAR = .03; all p-values > .15). 

 

6.3.2 Depression effects on cardiac autonomic function 

 

Overall depressive symptoms were not associated with any of the autonomic measures (see Table 

3). The somatic symptoms were significantly inversely associated with HRV-LF and BRS, but not with 

HRV-HF. The cognitive-affective symptoms were positively associated with all three ANS measures. 

None of the associations with the autonomic measures showed significant sex differences (all p-vales 

> .19). Normalized HRV-measures were not related to any of the depression (sub)scales (all p-vales 

> .17).  

 As the standardized regression coefficients (β) indicate, the effect sizes were generally 

small. To illustrate the magnitude of the effects, we calculated the range of possible (i.e., based on 

depression scores between 0 and 2) HRV and BRS values, given the subscale models presented in 

Table 3 and assuming mean values on all covariates. Estimated HRV-LF scores ranged between 
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6.11 and 7.03, HRV-HF scores between 7.13 and 8.01, and BRS scores between 2.34 and 2.96. 

These maximum estimated differences were all smaller than 1 SD.  

 

Table 1 Items of the somatic and cognitive-affective depressive symptom scales 

 Mean SD % endorsing the itema 

Somatic symptoms    

Lack of appetite 0.42 0.59 36.4% 

Overtired 0.23 0.46 21.2% 

Reduced sleep 0.48 0.67 38.5% 

Trouble sleeping 0.44 0.66 34.2% 

Lack of energy 0.35 0.57 30.4% 

Cognitive-affective symptoms    

Loss of pleasure 0.32 0.54 28.7% 

Crying 0.40 0.55 36.7% 

Self harm 0.04 0.21 4.1% 

Suicidal ideation 0.09 0.33 8.3% 

Feelings of worthlessness 0.21 0.44 19.4% 

Feeling of guilty 0.31 0.53 27.7% 

Sadness 0.26 0.49 23.7% 
a Score 1 or 2 

 

Table 2 Descriptive statistics of the variables used in this study 

 Mean SD N 

Overall depressive symptoms 0.29 0.25 2049 

Somatic symptoms 0.38 0.36 2049 

Cognitive-affective symptoms 0.23 0.27 2049 

HRV-LF (ln[ms2]) 6.51 1.06 1753 

HRV-LF Nu 0.47 0.03 1753 

HRV-HF (ln[ms2]) 7.44 1.33 1753 

HRV-HF Nu 0.53 0.03 1753 

BRS (ln[ms/mmHg]) 2.58 0.59 1450 

CAR (nmol/l) 0.96 1.75 1580 

Age 11.07 0.54 2049 

Physical activity (range 0-4) 1.93 1.19 2038 

Physical health (range 0-17) 2.53 1.96 1796 

BMI 18.01 3.03 2002 

HRV-LF = heart rate variability in the low-frequency band (.07-.14 Hz); HRV-HF = heart rate variability in the 

high-frequency band (.15-.40 Hz); Nu = normalized units; BRS = baroreflex sensitivity; CAR = cortisol awakening 

response; BMI = body mass index 
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6.3.3 Depression effects on the CAR 

 

Overall depressive symptoms were not associated with HPA-axis function as measured with the CAR 

(Table 3). The effect of somatic symptoms on the CAR appeared significantly different for boys and 

girls (β = 0.10, p = .02); while a marginally significant interaction with sex was found for cognitive-

affective symptoms (β = -0.08, p = .07). Post hoc analyses revealed that neither somatic nor 

cognitive-affective symptoms were associated with the CAR in girls; while in boys, somatic symptoms 

were positively, and cognitive-affective symptoms inversely related to the CAR (Table 3). Again, 

effect sizes were small. Possible estimated CAR values in boys ranged between 0.36 and 1.30. 

 

6.4 Discussion 

 

Overall self-reported depressive symptoms were not associated with HRV, BRS and CAR in a large 

population cohort of preadolescents. After dividing the symptoms into somatic versus cognitive-

affective symptoms, however, contrasting relationships with the physiological measures emerged. 

Somatic depressive symptoms were inversely associated with HRV and BRS, and positively with 

CAR, whereas cognitive-affective depressive symptoms were positively associated with HRV and 

BRS, and negatively with CAR. The associations with the CAR were only found in boys. The effect 

sizes were very small, but taking into account the non-clinical nature of the sample and the fact that 

both depressive symptoms and physiological measures are influenced by a multitude of factors, we 

feel that higher effect sizes could not be expected, and that the results should not be discarded as 

trivial.  

 Our findings are consonant with the growing evidence that depression is a heterogeneous 

disorder which encompasses different underlying pathophysiological processes (Gold et al., 2002; 

Antonijevic, 2006), and that only some depressive symptoms account for the relationship between 

depression and cardiovascular prognosis (Barefoot et al., 2000; De Jonge et al., 2006; Linke et al., 

2009; Watkins et al., 2003). De Jonge et al. (2007) found that low HRV was associated with somatic 

symptoms of depression in patients with stable coronary heart disease. Our results confirm these 

findings in a population cohort of preadolescents without (overt) CVD and in whom depressive 

symptoms were generally mild at the most. We extended De Jonge’s findings not only to a non-

clinical sample, but also to other important indicators of physiological regulation, that is, BRS and 

CAR. Somatic depressive symptoms were more strongly associated with the low-frequency band of 

HRV and BRS than with the high-frequency band of HRV. It is tempting to speculate that the 

assumed dual innervation (sympathetic and vagal) reflected in the HRV-LF, as opposed to mainly 

vagal influences in the HRV-HF band, accounts for these differences. However, replication of this 

finding as well as prospective associations between LF power and pathology are needed before 

HRV-LF may be considered a prognostic tool similar to HRV-HF. The findings with regard to the 

normalized HRV measures suggest that the relative value of each power component was not related 

to any of the depression scales. 
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Table 3 Physiological variables regressed on overall, somatic, and cognitive-affective depressive 

symptoms 

 HRV-LF HRV-HF BRS CAR 

 β p β p β p β p 

Covariates 

Gender 

Age 

Physical activity 

Physical health 

BMI 

 

0.08 

-0.03 

0.04 

-0.06 

-0.02 

 

<.01 

.31 

.03 

.10 

.41 

 

0.07 

-0.06 

0.04 

-0.04 

-0.04 

 

<.01 

.01 

.14 

.17 

.10 

 

0.12 

0.00 

0.02 

-0.02 

-0.00 

 

<.01 

.98 

.46 

.43 

.96 

 

-0.03 

0.01 

-0.03 

0.03 

0.03 

 

.23 

.76 

.26 

.24 

.33 

R2 change 1.6% 1.7% 1.6% 0.1% 

Overall depressive symptoms 0.00 .89 0.02 .55 0.00 .89 -0.01 .74 

R2 change 0.0% 0.0% 0.0% 0.0% 

Somatic symptoms -0.07 .02 -0.04 .14 -0.07 .02 
♀: -0.03 

♂:  0.12 

.43 

<.01 

Cognitive-affective symptoms 0.07 .02 0.06 .04 0.08 <.01 
♀:  0.00 

♂: -0.10 

.94 

.03 

R2 change 0.5% 0.3% 0.7% 
♀: 0.1% 

♂:  1.4% 

HRV-LF = heart rate variability in the low-frequency band (.07-.14 Hz); HRV-HF = heart rate variability in the 

high-frequency band (.15-.40 Hz); BRS = baroreflex sensitivity; CAR = cortisol awakening response. 

 

 A recent meta-analysis by Chida and Steptoe (2009), investigating the association between 

the CAR and psychosocial factors, concluded that there was a lack of overall associations in regard 

to depression, due to both increased and reduced CARs. The reverse effects found for somatic and 

cognitive-affective symptoms of depression might partially explain these inconsistent findings. Yet, 

our findings are counterintuitive. A high CAR, which has often been related to life stress (Chida & 

Steptoe, 2009), was associated with somatic depressive symptoms, while a blunted CAR, which has 

been related to fatigue (Chida & Steptoe, 2009), was associated with cognitive/affective symptoms. 

Furthermore, most effects found in prior studies (also) concerned females, whereas we only found 

associations in boys. So, although it is interesting that the differential effects for somatic and 

cognitive/affective symptoms did not only concern cardiac autonomic measures but the HPA-axis as 

well, the nature of the cortisol effects is still puzzling.  

 The association of cognitive-affective depressive symptoms with high HRV was 

unforeseen, and contrary to results reported by De Jonge et al. (2007), who did not find an 

association between HRV and the cognitive dimension of depression. However, their study 

concerned patients with stable coronary heart disease, whose age and life style (e.g., smoking) 

differed markedly from our population. These factors may have accounted for the divergent findings 

in both studies. Our findings are in concordance with Rottenberg et al. (2002, 2007), who reported a 

positive association between HRV-HF and cognitive-affective symptoms like sadness and crying in 
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clinically depressed participants. Also interesting in this respect are results reported by Koelsch et al. 

(2007), who found that high HRV-HF was associated with high emotionality, and by Miller and Wood 

(1997), whose study revealed that an increase in self-reported sadness was accompanied by an 

increase in HRV. Tentatively, the positive associations of cognitive-affective symptoms with cardiac 

autonomic measures might be explained by Porges’ notion that high resting HRV(-HF) reflects 

perception of a safe environment, which allows social engagement and the expression of emotions 

(Rottenberg, 2002; Porges, 2007). Whatever the reason, our as well as previous findings suggest 

that, in itself and when not associated with somatic symptoms, emotionality may not be associated 

with increased cardiac risk.  

 The heterogeneous nature of depression is of interest in view of the different measurement 

instruments that are used to assess the syndrome. Somatic symptoms are omitted from some of 

these instruments, for instance the Hospital Anxiety and Depression Scale (Zigmond & Snaith, 1983). 

Other scales, such as the Hamilton Rating Scale for Depression (Hamilton, 1960), contain relatively 

many somatic items. These kinds of disbalances can mask differential relationships of cardiac 

autonomic and HPA-axis function with subdimensions of depression, and may partly explain 

discrepant associations found between depressive symptoms and indices of the ANS and HPA-axis. 

Our data provide a basis for more specific pathophysiological hypotheses on the relationship between 

depression and cardiovascular prognosis. Both the ANS and the HPA-axis were associated with the 

depressive symptom dimensions, suggesting that depression as a – putative – cardiac risk factor may 

be mediated by multiple pathophysiological mechanisms.  

 This study had several limitations. First, the cross-sectional design does not allow 

inferences about causality. Whether depressive symptoms are the outcome or the cause of the 

physiological variables under study still needs to be determined. Second, the YSR Affective Problems 

scale was constructed on the basis of expert ratings of the original, empirically derived YSR items, 

and was not originally developed to assess depressive problems according to DSM-IV criteria. 

Consequently, the items do not represent one-to-one counterparts with all DSM-IV criteria. Another 

limitation of the YSR Affective Problems scale is the use of a six-month time window, which precludes 

a clear distinction between state and trait effects. As the severity of depressive problems may covary 

with physiological functioning (Chambers & Allen, 2002), multiple assessments of physiological 

functioning and of state depression are needed to distinguish between state and trait effects. Finally, 

the internal consistency of the two depression subscales was quite low, even when taking into 

account the small number of items. This probably influenced the estimated effects conservatively, 

and suggests that these scales are still heterogeneous. Heterogeneity within the cognitive-affective 

domain was also reported by Rottenberg (2002), who found that sadness and crying were positively, 

and suicidal ideation negatively associated with HRV-HF (it should be noted, however, that this 

finding did not replicate in another study (Rottenberg et al., 2007). More fine-tuned patterns of 

association were beyond the scope of this article, but may be revealed in future studies. 

 In conclusion, the present study revealed that somatic and cognitive-affective depressive 

symptoms are differentially associated with the ANS and the HPA-axis in preadolescents. Hence, 

alterations of the ANS that have been linked with cardiac risk are associated with somatic depressive 

symptoms as early as in preadolescence. Future research should take into account that associations 
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between depression and HRV, BRS, and CAR variables are partly dependent on whether and how 

somatic and cognitive-affective symptoms are represented in the depression measures used.  

    



 

 

 
 

 

 

 

 

 

 

 

 

7  
General discussion 
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7.1 Introduction 

 

The main focus of this dissertation is on determinants and consequences of two physiological 

systems involved in stress regulation, namely the hypothalamic-pituitary-adrenal axis (HPA)-axis and 

the cardiac autonomic nervous system, during adolescence. Five empirical studies were performed to 

gain more knowledge of adolescents’ psychological and physiological responses to stress. Since the 

rise in sex steroids levels during adolescence causes sex differences in physiological responses to 

psychosocial stress, all studies tested if examined effects were similar for boys and girls. For the first 

three studies, psychosocial stress was experimentally induced in the laboratory and responses were 

measured in 16-year-old adolescents. In these studies, we focused on long- and short-term 

influences on the physiological stress response. In the last two studies, we used resting physiological 

measures assessed at age 11 to focus on the relationship between depressive symptoms and 

physiological functioning. In the following sections, the findings of these five studies are summarized, 

and an attempt is made to synthesize the main results. This discussion will end with the overall 

conclusions. 

  

7.2 Part I Long- and short-term influences on the cortisol responses to a 

psychosocial stressor in adolescent boys and girls 

 

The HPA-axis is characterized by plasticity; the system can undergo alterations in response to the 

environment. Death of a family member, being bullied, or maternal stress during the pregnancy are all 

events that may alter the nature of your stress response. HPA-axis stress responses can also be 

modified by smoking cigarettes or taking oral contraceptives. To study long- and short-term effects of 

adversities on the cortisol stress response, we conducted three studies (Chapters 2 to 4). In these 

studies, we also examined the interplay of adversities, ovarian hormones, and cigarette smoking. 

 

7.2.1 Adversities from prenatal period through adolescence 

 

The first study (Chapter 2) involved three research questions. First, we examined the timing of 

adversities from the prenatal period up to middle adolescence on adolescents’ cortisol stress 

response. Second, we tested whether perinatal adversities enhance the vulnerability for abnormalities 

of the cortisol stress response following childhood and adolescence adversity. Third, we examined 

whether the effects are similar for boys, free-cycling girls, and oral-contraceptives users. We argued 

that the HPA-axis has specific sensitive periods for stress-induced long-term alterations, due to the 

different maturation pathways of involved brains structures, and that the outcome of stress exposure 

during different developmental periods is likely to be diverse.  

 Consistent with prior findings, exposure to perinatal adversity predicted increased cortisol 

stress responses in adolescence, a process also referred to as ‘programming effects’.  We also found 

that chronic stress during the past two years (between ages 15-16) predicted a diminished cortisol 

stress response. This latter finding was seen in girls irrespective of perinatal adversity, while in boys, 
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this was only seen in combination of perinatal adversity. The findings of this study suggest that the 

age during stress exposure, influences the nature of adolescents’ cortisol stress response. It also 

shows that girls seem to be more sensitive for the impact of recent chronic stress in early 

adolescence, while boys were only affected when they were also exposed to perinatal adversities. 

With regard to the second and third research question, results confirmed that perinatal adversity 

enhances the sensitivity for subsequent adversities to induced long-term changes in the HPA-axis. 

Furthermore, this stress-sensitization effect was not similarly for boys and girls. Results pointed to a 

specific sensitive period in boys and girls characterized by upregulation of the cortisol stress 

response, namely age 6-11. Furthermore, in boys this sensitive period extended up to age 14. As 

mentioned previously, we also found a sensitive period for chronic adversity during age 15-16 in boys 

only, which was characterized by a diminished cortisol stress response. We did not find any 

differences in the effects of adversities on the cortisol stress response in free-cycling girls and oral 

contraceptive users (OCs). Although the OCs did not display a cortisol response, adversities still had 

a similar impact in OCs as in free-cycling girls.  

 These findings implicate, first, that the increased sensitization for adversities due to 

perinatal programming of the HPA system seems to cover a longer period in boys than in girls. 

Second, when unexposed to perinatal adversity, boys seem to be resilient against stress-induced 

alterations of cortisol stress response. Third, only after age 12, sex differences in effect of adversities 

on the cortisol stress response start to emerge.   

 

7.2.2 Repeated psychosocial stress   

 

In the second study (Chapter 3), we examined the interplay of ovarian hormones, cigarette smoking, 

and stress exposure at the day prior to testing (yesterday stress) on adolescents’ cortisol responses 

to social stress. Chapter 3 deals with three research questions, namely (1) sex, menstrual cycle, and 

OC use differences in the effect of cigarette smoking on adolescents’ cortisol stress response, and 

(2) sex, menstrual cycle, and OC use differences in adolescents’ cortisol stress response to 

yesterday stress, and (3) the effect of cigarette smoking on adolescents’ cortisol stress response to 

yesterday stress. 

 As concerning the first question, we argued that there is compelling evidence that the HPA-

axis, the hypothalamic-pituitary-gonadal (HPG)-axis, and cigarette smoking, are interrelated. 

Compared to men, women seem to progress to nicotine dependency more rapidly (Storr, 2008) and 

are less likely to quit (Perkins & Scott, 2008), with variations in nicotine dependency (Allen et al., 

2009; Snively et al., 2000) and craving (Allen et al., 2010; Carpenter et al., 2006; Lynch, 2009) across 

the menstrual cycle. In addition, although the cortisol response to psychosocial stress is diminished in 

cigarette smokers (Rohleder & Kirschbaum, 2006), cigarette craving was found to be positively 

related to magnitude of the cortisol stress response in adolescent daily smokers (Buchmann et al., 

2010; Childs & de Wit, 2010). It was therefore hypothesized that sex, menstrual cycle phase, and use 

of oral contraceptives may modulate the effect of smoking on the cortisol response to social stress. In 

our study, cigarette smoking was associated with an absence of a cortisol response in follicular girls, 

and with a diminished cortisol response in boys, while cigarette smoking had no significant effect on 
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the cortisol stress response in luteal girls and OC users. These results indicate that adolescents’ 

cortisol stress response is more sensitive to the impact of smoking in follicular girls than in boys, 

luteal girls and OCs. Furthermore, in all groups, smokers displayed a blunted cardiovascular 

response to stress compared to never smokers. 

 The second question concerned sex, menstrual cycle, and OC use differences in 

adolescents’ cortisol stress response to yesterday stress. Although influences of sex, menstrual cycle 

and OC use on the cortisol stress response have been extensively studied, this has not been done 

with regard to the cortisol response to yesterday stress. We found that yesterday stress predicted 

higher overall cortisol levels during the psychosocial stress test in luteal girls. In contrast, follicular 

girls and OCs with yesterday stress displayed lower overall cortisol levels, while yesterday stress did 

not alter the cortisol stress response in boys. These results suggest that ovarian hormones play an 

important role in psychosocial stress habituation-sensitization, and that girls are more sensitive for 

the impact of short-term repeated stress than boys. However, similarly in all groups, yesterday stress 

was associated with an increased heart rate response, and was not associated with the subjective 

arousal response. These findings suggest that the effects of sex, menstrual cycle, and OC use on the 

stress response to yesterday stress were specific for the HPA system, as measured with cortisol. 

 With regard to the third research question, we argued that repeated stress exposure in rats 

has been documented to increase the ability of nicotine to activate the HPA-axis. Since this has not 

been investigated yet in human, we tested if yesterday stress increases the ability of nicotine to 

activate the HPA-axis. Yesterday stress diminished the cortisol stress response in never-smokers, 

but increased the response in smokers. While it is commonly assumed that smokers’ increased risk 

for cardiovascular disease is not due to increased stress reactivity (Phillips, 2009), our findings shed 

a new light on this perspective. 

  

7.2.3 Interrelations of psychological and physiological stress responses 

 

In the third study (Chapter 4), we examined if and how perceived stress responses covaried with 

physiological stress responses in adolescents. We examined three hypotheses: 1) Perceived stress 

covaries with concurrent physiological responses during the social stress test, 2) high perceived 

stress levels at pretest predicts large physiological responses to the social stress test, 3) large 

physiological stress responses predicts low posttest perceived stress levels.   

 With regard to the first hypothesis, we hypothesized that psychological and physiological 

stress would covariate with each other during the social stress test. The results of the study 

supported the hypothesis, and showed that perceived arousal and unpleasantness, but not 

dominance, covaried with concurrent physiological stress responses, as measured with cortisol, heart 

rate, and respiratory sinus arrhythmia (RSA).  

 Our results did not confirm the second hypothesis: pretest perceived stress did not predict 

physiological responses to a social stress test. A possible explanation for these unexpected results 

could be that the pretest perceived stress levels as measured in this study reflected general feelings 

of arousal, unpleasantness, and dominance, rather specific perceived stressfulness with regard to the 

social stress test (anticipation stress). 
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 The third hypothesis was based on the notion that cortisol not only normalizes the 

physiological stress response, but may also regulate stress-induced negative emotions and perceived 

stress. We found no strong support for this hypothesis. However, increased heart rate, but not RSA, 

predicted lower perceives unpleasantness and increased dominance. Because this association was 

stronger for subjective feelings of being in control and comfortableness than for perceived arousal, 

this suggest that heart rate responsiveness relate more to satisfaction with the performance than with 

feelings of relaxation. 

 

7.3 Part II: physiological baseline measurements in relation to depressive 

symptoms and adversities in boys and girls during pre and early adolescence 
 

Stressful experiences may lead to depression but not all individuals become depressed in the face of 

adversity: large individual differences exist in the responses to stress and subsequent development of 

depressive symptoms. In search of physiological markers for (risk of) depressive symptoms, we 

conducted two studies, described in Chapters 5 and 6. These studies revolve around the cross-

sectional and longitudinal associations of adolescent depressive symptoms, in general of after 

stressful events, with various physiological measurements.  

 

7.3.1 RSA as physiological marker for emotion-regulation 

 

The study in Chapter 5 deals with the suggestion that the respiratory sinus arrhythmia (RSA), an 

autonomic index of the vagal influence on the heart, is a physiological marker for individual 

differences in emotion-regulation abilities. In recent years, RSA has received considerable attention, 

and research has produced an extensive list of RSA correlates including a broad range of physical 

and mental health problems, including depression (Rottenberg, 2007). According to the Polyvagal 

Theory of Porges, a high level of resting RSA reflects a healthy, highly adaptive organism (Porges, 

2003; Thayer & Lane, 2000); Porges, 1995b, 2001, 2007), and that RSA serves as a marker of 

individual differences in emotion-regulatory capacity (e.g., Porges, 1995a; Thayer & Lane, 2000, 

Appelhans and Luecken et al., 2006). Depression can be regarded as a disorder of emotion 

regulation (Gross, 1998, Rottenberg, 2007), since it is characterized with a broad range of emotion 

regulation disturbances, such as inflexible responses to social demands, constricted range of self-

reported emotions, diminished display of facial expressions (Ellgring, 1989; Rottenberg et al., 2005a; 

Rottenberg, 2007), and reduced emotional reactivity to valenced stimuli (Bylsma et al., 2008). Based 

on this, it was hypothesized that low resting RSA would be associated with more depression 

symptoms, both cross-sectionally and over time; and that preadolescents with low RSA would be 

more likely to develop depression symptoms after stressful life events than those with high RSA. 

Surprisingly, we found no association of low levels of RSA with concurrent or future depressive 

symptoms. Furthermore, a low RSA did not enhance the depressogenic effects of adversities. All in 

all, the results suggest that RSA is not a likely candidate as a physiological marker for overall 

depressive symptoms during early adolescence.  
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7.3.2 Depressive symptoms and physiological profiles 

 

Chapter 6 builds on the findings of our previous study, described in chapter 5, that RSA was not 

related with overall depressive symptoms in preadolescence. A possible explanation for these 

puzzling findings was given by studies conducted in patients with cardiovascular disease, which 

suggested that only a subset of depression symptoms account for associations with low heart rate 

variability and cardiovascular prognosis. Depression and subclinical levels of depressive symptoms 

have been found to be associated with cardiovascular mortality and morbidity in both patients with 

cardiovascular diseases (CVD) and healthy individuals (Van der Kooy, 2007). Alterations of the 

cardiac ANS (marked by low heart rate variability and reduced baroreflex sensitivity (Broadley, 2005; 

La Rovere, 2001; Stein, 2000; Vaccarino, 2008; Watkins, 1999) and the HPA-axis (marked by 

elevated morning cortisol levels (Bhattacharyya et al., 2008; Guder et al., 2007; Otte et al., 2005; 

Pruessner, 2003) have been proposed as possible physiological links between depression and 

cardiovascular prognosis (Grippo, 2002; Musselman, 1998). To see whether these findings could be 

extended to young, non-diseased individuals and to other physiological measures, we investigated 

associations of RSA, baroreflex sensitivity (BRS), and the cortisol awakening response (CAR) with, 

respectively, somatic and cognitive/affective depression symptoms. As expected, somatic depressive 

symptoms were negatively related to RSA and BRS and positively to CAR, whereas cognitive-

affective depressive symptoms were positively related to RSA and BRS, and negatively to CAR. 

Taken together, these findings indicate that autonomic and HPA-axis measures are differentially 

related to subgroups of depressive symptoms, and that somatic depressive symptoms are associated 

with physiological markers linked with cardiac risk as early as in preadolescence. 

 

7.4 Synthesis of the main results  

 

Adolescence is in literature increasingly being viewed as a critical period of developmental 

vulnerabilities for stress-related disorders, and also as the period in which sex differences in 

prevalence of stress-related disorders start to emerge. Presently, knowledge regarding stress-

induced alterations of physiological stress responses in adolescence is scarce (McCormick et al., 

2010; McCormick & Mathews IZ., 2007). The studies in this dissertation address this gap, and 

provide evidence that the HPA-axis during early adolescence is sensitive to a broad range of 

influences, namely adverse life events, sex hormones, and cigarette smoking. The studies show that 

the stress response system fluctuates with up- as well as down-regulated responses within different 

time frames and under various circumstances. Furthermore, the results showed that both the HPA-

axis as well as the cardiac autonomic nervous system are related to somatic and cognitive/affective 

depressive symptoms. The somatic depressive symptoms were associated with physiological 

markers known from literature to be associated with cardiac risk (Guder et al., 2007; La Rovere, 

2001).  
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7.4.1 Programming effects 

 

Two periods were identified during which the HPA system is particularly sensitive to stress-induced 

long-term alterations, namely the prenatal period including the first 3 months after birth (further 

referred to as ‘perinatal period’) and early adolescence (Chapter 2). Perinatal adversity causes a 

heightened stress reactivity during adolescence, which is in line with various previous studies 

(Brennan PA et al., 2008); (Entringer et al., 2009; Hellemans, 2010; O'Connor et al., 2005; Wüst et 

al., 2005), and has been found to be associated with metabolic and cardiovascular disorders later in 

life (Barker, 1995b; Barker et al., 2002; Champagne et al., 2009). These observations are also 

referred to as programming effects, and form the core assumption of Barker’s developmental origins 

of health and disease model (Barker, 1995a). Although perinatal adversity has many detrimental 

consequences later in life (Favaro et al., 2010; Nomura & Chemtob CM., 2007), the notion of an 

increased vulnerability is put in a context dependent perspective and is reconsidered as ‘increased 

sensitivity to context’ (Belsky et al., 2007). Within an evolutionary framework, researchers such as 

Belsky (Belsky et al., 2007), and Boyce and Ellis (Boyce & Ellis, 2005), consider the heightened 

stress reactivity associated with perinatal adversity as an adaptive phenotype that is highly sensitive 

to context. While a less responsive phenotype will develop relatively independent of the various 

circumstances, the highly sensitive (‘vulnerable’) phenotype will be more adversely affected by stress, 

but simultaneously benefit more from supportive, stimulating environments. Another, partly 

contradictory, hypothesis that regards perinatal programming as adaptive is the ‘mismatch’ 

(Champagne et al., 2009; Schmidt, ) or ‘thrifty phenotype’ (Hales & Barker, 1992) hypothesis, that 

postulates that early adversities program individuals to thrive in future harsh environments. Support 

for this hypothesis comes, among others, from a study showing that rats with low maternal care 

displayed lower cognitive performance during low stress conditions, but higher levels of performance 

during stress, than rats with high maternal care (Champagne et al., 2008). Taken together, new and 

conflicting hypotheses are emerging, supporting adaptability rather than the vulnerability point of 

view. However, it has yet to be proven if our finding of an increased cortisol stress response due to 

perinatal adversity enhances or lowers the probability to physical and mental health problems in 

supportive or adverse circumstances. Up to now, only one study has examined and confirmed 

involvement of the HPA system, namely increased daytime cortisol levels, in the relationship between 

prenatal maternal anxiety and depressive symptoms in adolescence (Van den Bergh et al., 2008). 

Compared to daytime cortisol levels, the cortisol response to stress is considered a more relevant 

mechanism in stress-disease associations (Kudielka & Wüst S., 2010), but this remains to be 

examined. 

 The second sensitive period for stress-induced long-term alterations in the cortisol stress 

response revealed in our research was during early adolescence (Chapter 2). Our finding is in 

agreement with the notion that the brain is extra sensitive to the effects of adversities during this 

period (Romeo, 2010a). During early adolescence, a profound change in stress reactivity occurs 

marked by increased HPA-axis responses as well as increased emotional reactions to psychosocial 

stress (Dahl, 2009; Gunnar et al., 2009), compared to the stress reactivity in children. Furthermore, a 

recent review on stress during adolescence (Romeo, 2010a), showed that stress causes distinct 
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alterations in brain and behavior in adolescent animals, as opposed to adult animals. For example, 

chronic stress exposure during adolescence in rats have been found to lead to permanently smaller 

hippocampal volumes (Isgor et al., 2004), while the effects in adult rats on hippocampal structure 

returned to the pretest levels within 21 days (McEwen & Magarinos, 1997). The diminished cortisol 

stress response due to chronic stress during adolescence found in our study is in line with similar 

human findings in adolescents (MacMillan et al., 2009) and adults (Carpenter et al., 2007; Elzinga et 

al., 2008; Luecken et al., 2009), although these studies did not specifically examine timing of 

childhood adversity. These similar human findings in adults suggest that our findings of chronic stress 

during the past two years on cortisol responsivity during a social stress test in adolescents may 

involve permanent programming. Although programming effects until now have focused 

predominantly on adversities during the prenatal and postnatal period, we feel that this focus may be 

extended to the period of early adolescence as well.  

  

7.4.2 Stress-sensitization 

 

Apart from programming effects, perinatal adversity also renders individuals more sensitive to 

alterations of adolescents’ cortisol stress response after subsequent childhood adversities (Chapter 

2). This reflects the cumulative effect of stress on HPA-axis alterations throughout a child's life 

course, and emphasizes the importance of age of stress exposure, since this influences the nature of 

the HPA-axis response. The concept of stress-sensitization comes from Post’ kindling and 

sensitization model (Post, 1992). In humans, episodes of depression are recurrent, with shorter 

intervals between the successive episodes, and kindling was proposed as an analogy for the stress 

sensitization seen in depression (Monroe & Harkness, 2005). It was postulated that this was due to 

increased sensitivity for stress. This was confirmed by recent findings of the large population study of 

McLaughlin et al. 2010 (McLaughlin et al., 2010), graphically illustrated in Figure 3. As Figure 3 

shows, the 12-month risk of depression among individuals with past-year exposure of a major 

stressful life event increased substantially after more exposure to childhood adversity. Increased 

sensitization may be explained by our findings showing that perinatal adversity combined with 

childhood adversity predicts a heightened cortisol stress response. But as mentioned before, future 

studies are needed to confirm the involvement of the HPA-axis linking adversities with risk for 

depression.  

 As discussed in the introduction, several studies have indicated that exposure to 

maltreatment before a certain age (e.g., age 5,6, and 12 have been reported (Andersen et al., 2008; 

Kaplow & Widom, 2007; Keiley et al., 2001; Maercker et al., 2004; Schoedl et al., 2010; Thornberry et 

al., 2001) increases the risk for depression in adulthood more than later onset maltreatment. Our 

finding of a sensitive period for stress-sensitization between age 6-11 in both boys and girls is in line 

with this, and supports the notion that timing should be considered in the understanding of the 

aetiology of depression. Apart from the sensitive period between age 6-11 in those with perinatal 

adversity, two other sensitive periods were found in boys only, namely between age 12-14 

(associated with upregulation of the HPA-axis) and 15-16 (associated with downregulation of the 

HPA-axis). This variability in direction of HPA-axis dysregulation has been referred to as a 
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'differentiation effect' (Lupien et al., 2009), and again point to the importance of  timing of stress 

exposure, but also to the emergence of sex differences in stress-reactivity after age 12, which will be 

described below.  

 

7.4.3 Sex differences & female hormones 

 

We showed that early adolescence is marked by the emergence of sex differences in both stress-

sensitivity (Chapter 2) and depressive symptoms (Chapter 5, 6). More specifically, girls had more 

depressive symptoms than boys at ages 13 and 16, but not at age 11. Furthermore, chronic stress 

during adolescence was associated with a diminished cortisol stress response in girls regardless of 

perinatal programming, as opposed to adolescent stress in boys and childhood stress, where this 

association was only found in those exposed to perinatal adversities. As mentioned before, when 

unexposed to perinatal adversity, boys seem to be more resilient against associations of adversities 

with the cortisol stress response. These findings confirm that the transition into adolescence is 

accompanied by a substantial rise in depressive problems in girls, compared to boys, and show that 

girls’ HPA-axis is more sensitive to long term alterations caused by chronic stress.  

Our finding of a stronger increase of depressive symptoms in girls than in boys appeared 

around the age of thirteen. This is in line with numerous other studies, showing that the emergence of 

sex difference in prevalence of depression starts between the ages 10-15, during pubertal 

development (Andersen, 2008; Hankin et al., 1998; Kuehner, 2003; Oldehinkel et al., 1999). This 

specific period is suggested to play a role due to hormonal changes, specifically the rise in female 

sex hormones. That ovarian hormones play an important role in stress regulation is supported by our 

findings that girls’ cortisol stress response following a stressful day was different for girls in the 

follicular phase and girls in the luteal phase of the menstrual cycle. In addition, while the cortisol 

stress response with or without yesterday stress between girls in different menstrual phases showed 

a considerable difference, the response between boys with or without yesterday stress was 

comparable.  

Relatively little is known about the effects of stress exposure at the day prior to testing in adolescents. 

To our knowledge, our findings of the differential effect of yesterday stress on the cortisol stress 

response in adolescent boys, follicular girls, luteal girls, and OC users, are without precedent. Various 

other studies have pointed to the strong influence of the menstrual cycle in stress sensitivity, and 

showed improved emotion recognition (Derntl et al., 2008) and heightened activation of the stress 

response brain circuitry under stress (e.g., amygdala, hippocampus, and cortical regions (Derntl et 

al., 2008; Goldstein et al., 2010; Goldstein et al., 2005) (Ossewaarde et al., 2010)) during the 

follicular phase compared to the luteal phase. This makes sense from an evolutionary point of view, 

since the ovarian hormonal influence on interpersonal emotional processing may enhance mating 

chances by increasing social sensitivity while decreasing cortisol stress responses during the fertile 

phase (follicular) (Derntl et al., 2008; Goldstein et al., 2005). These effects may be due to changing 

levels of allopregnanolone, a neurosteroid metabolite of progesterone (Andreen et al., 2009), since 

larger increase of allopregnanolone concentration across the cycle predicted smaller amygdala and 
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medial prefrontal cortex responses during stress in the luteal phase (Ossewaarde et al., 2010). 

Yesterday stress in OC users mimicked the effects found in follicular girls. OCs obliberate 

 

 
the normal luteal phase rise in steroids, and as result, allopregnanolone concentrations are similar to 

those during the follicular phase (Rapkin et al., 2006). Therefore, our finding in OC users may also 

suggests a possible role of allopregnanolone in stress regulation. Taken together, it seems that 

ovarian hormones influence both the short- and long-term regulation of stress. 

 

7.4.4 The heterogeneity of depression 

 

Our findings support the notion that depression is a highly heterogeneous disorder, and showed that 

this was also true for its underlying physiological mechanisms (Chapter 6). We showed that somatic 

depressive symptoms were associated with physiological markers linked to cardiac risk, which was 

also found in cardiac patients (de Jonge, 2007), while the cognitive/affective symptoms were related 

with physiological markers linked to diminished cardiac risk. Our finding of a positive association 

 

 
 

The prevalence of 12-month major depressive episodes 

among men according to past-year exposure to major stressful 

life events and exposure to childhood adversities before age 

17. 

 

 – –, 0  childhood adversities; 

 –
 
–, 1–2 childhood adversities; 

 – –, ≥ 3 childhood adversities. 

Figure 3. Stress sensitization effects, an interaction of 

childhood and adult stress (from McLaughlin et al. 2010) 
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between HRV-HF and cognitive-affective depressive symptoms was also found in clinically 

depressed participants (Rottenberg, 2007; Rottenberg, 2002). These results underline the importance 

of acknowledging subtypes of depressive symptoms.  

 The next question then is, are the HPA-axis and cardiac ANS regulation related to future 

depressive symptoms? And is this a direct pathway or does it run through stressful life events? We 

did not find that low RSA was associated with more depressive symptoms two years later, or 

enhanced the depressogenic effect of adverse life events (Chapter 5). The relationship between RSA 

and future depressive symptoms were not investigated with regard to the two depressive symptom 

groups, because we came up with the idea to write the study in Chapter 6 after the previous one. 

Heterogeneity of depression, with differential distribution of somatic versus more cognitive/affective 

symptoms may also play a role in the physiological stress response. For example, a study conducted 

in the NESDA sample found that two depressive symptoms profiles (‘melancholic’ versus ‘atypical’) 

differed with respect to smoking status, metabolic risk, and sex, suggesting that the underlying stress 

physiology may also be different in these two profiles (Lamers et al., 2010). Furthermore, several 

studies have shown that severe life events precede the episodes of the atypical subtype, while the 

melancholic subtype seems to be more sensitive for minor life events, or even unrelated to negative 

events (Fountoulakis et al., 2006; Harkness & Monroe, 2006; Kohn et al., 2001; Mitchell et al., 2003). 

This may suggest that these two depressive subtypes may differ in stress-sensitivity to stressful life 

events. Future studies examining the etiology of depression could therefore focus on differences in 

stress-sensitivity and the association with types of depression.  

 

7.4.5 Cigarette smoking and stress responses 

 

Results of the study in Chapter 6 showed that smoking was associated with a diminished cortisol and 

heart rate stress response. However, yesterday stress was associated with higher overall cortisol 

levels during the stress test in smokers, and with lower overall levels in never smokers. Furthermore, 

the heart rate response was increased by repeated stress in both smokers and never smokers. 

Previous studies in adults have shown habituation of the cortisol response, while heart rate remained 

high after repeated psychosocial stress (al'Absi et al., 1997; Schommer et al., 2003). Both systems 

are centrally activated in the hypothalamus and intertwined, although their temporal courses differ 

(Sapolsky et al., 2000). Cortisol levels during rest are thought to have permissive effects on the 

cardiac autonomic nervous system, and stimulates the sympathetic stress response, while later in 

time it suppresses this system (Sapolsky et al., 2000). We found that pretest levels of cortisol were 

inversely correlated with heart rate levels during stress and not in rest, while during stress cortisol 

and heart rate levels were positively correlated with each other (Chapter 4). Furthermore, we found 

that cortisol was not related with RSA during rest or stress (Chapter 4). This suggests that the 

correlation of cortisol and heart rate was predominantly through sympathetic influences. Although it 

has been assumed that the two systems are highly interconnected, our results showed that they were 

only weakly correlated during stress and not correlated during rest.  

 Our finding of an increased cortisol response during stress in smokers in those with 

yesterday stress, underlines the importance of the recent stress history and smoking behavior. Since 
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the amount of cortisol increase during stress predicted cigarette craving in smokers (Reuter and 

Henning, 2003; Childs, 2010; Buchmann, 2010) through dopaminergic effects (Reuter and Henning, 

2003), our findings may explain a part of the negative cycle of stress and smoking dependence. 

Adversities are a risk factor for smoking, especially in those with depressive symptoms (Rao, 2009). 

Furthermore, nicotine has been found to exacerbate positive affect in individuals with a past history of 

depression (Spring 2008) or heightened anhedonia (Cook, 2007), and negative affect in those 

irrespective of past history of depression (Spring 2008). These findings imply that smoking helps 

those with anhedonic feelings to experience more positive feelings and pleasure (Spring, 2008). We 

found that chronic stress during adolescence was associated with a diminished cortisol stress 

response, especially in girls (Chapter 2). Several studies have shown that those with diminished 

cortisol stress responses during smoking cessation were the most at risk for early smoking relapse 

(Al’Absi, 2005). This suggests that the adolescent smokers in our study with recent chronic stress are 

the most at risk for smoking relapse when they quit smoking, especially girls. Studies have shown 

that women attempting to quit smoking during the follicular phase are more likely to relapse than 

during the luteal phase (Allen, 2008). This is congruent with our finding of an absence of cortisol 

stress response in follicular smokers but not in luteal smokers.  

 

7.4.6 Adolescents growing up 

 

We found that chronic stress during the past two years (Chapter 2) diminished the cortisol stress 

response to a social stress task. This was in line with other studies conducted in adults without 

current psychopathology (Carpenter et al., 2007; Elzinga et al., 2008; Luecken et al., 2009; MacMillan 

et al., 2009). However, studies conducted in depressed patients found an increased cortisol stress 

response in those with major childhood adversity (Heim et al., 2000a), 152. For example, Heim et al. 

(Heim et al., 2000a) found that childhood adversity predicted an increased cortisol stress response in 

adults with current depression, but not in those without depression. It was suggested that the altered 

cortisol response in depressed patients may depend on additive factors, such as recent adversities. 

That the combination of early and recent stress is important, was confirmed by the study of Rao et al. 
152 in depressed adolescents, showing that the HPA response to a psychosocial stressor was the 

highest in those who experienced adversity during childhood combined with adulthood adversity. 

Surprisingly, in the study of Rao et al. 152, depression diagnosis was not a significant predictor of 

HPA-axis stress reactivity. The mechanisms why early adversity and HPA-axis reactivity differ in 

those with and without current depression are still unclear, and needs to be further investigated.  

 Findings of studies investigating the HPA-axis and cardiac ANS in relationship to 

depression and adversity conducted in adolescents are not directly comparable to adult findings, due 

to several of reasons. First, some alterations in HPA-axis related brain structures may only become 

apparent in adulthood when all brain structures have matured, or affect connectivity with other related 

brain structures (Andersen & Teicher MH, 2009; Carpenter et al., 2009; Isgor et al., 2004; Woon & 

Hedges DW., 2008). For example, stress-induced changes in the hippocampus are not observable 

until adulthood (Tottenham & Sheridan, 2009). Second, longitudinal studies reported a dynamic 

change over time in the cortisol stress response, that is different for those with or without childhood 
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trauma or depressive symptoms (Gunnar et al., 2009; Gunnar & Quevedo, 2007; Hankin et al., 2010; 

Romeo, 2010b; Stroud et al., 2009; Trickett et al., 2010). Cross-sectional studies can not provide 

information about these dynamic trajectories, and developmental approaches in a longitudinal design 

will help gaining more insight in the short- and long-term effects of adversity on the stress system. 

Third, during adolescence there is a rapid increase in smoking dependency. It may be that smoking 

behavior alters HPA-axis stress-sensitivity over time, especially in those who experience a high 

amount of adversity or are suffering from chronic depressive symptoms. Fourth, it was found that 

reprogramming of the HPA-axis can take place not only during the post-natal period, but also later in 

life through DNA demethylation (Weaver et al., 2005). These findings suggest that although DNA 

methylation in early life is considered rather stable, it can be altered later in life. 

 Taken together, adolescence is a period of increased stress sensitivity, but it has been 

suggested that this increased sensitivity makes adolescence an optimal intervention period to 

compensate for long term consequences of early adversities (Romeo, 2010a), regarding adolescence 

not merely as a “window of increased vulnerability”, but also as a “window of opportunity” (Andersen, 

2003).  

 

7.5 Conclusions 

 

1- The timing of exposure to stressful life events is important, since it matters for the expression of a 

phenotype. While stress during the prenatal and postnatal period was associated with an increased 

cortisol response to an acute psychosocial stressor in adolescent boys and girls, chronic stress 

during the past two years was associated with a diminished cortisol response, especially in girls 

(Chapter 2). 

2- Boys with or without yesterday stress displayed a similar cortisol stress response. In contrast, 

yesterday stress altered the cortisol response differentially in follicular girls and luteal girls (Chapter 

3). Smoking cigarettes also affected the cortisol response differentially in follicular girls and luteal girls 

(Chapter 3). These findings suggest a role for ovarian hormones in the sensitivity and direction of 

girls’ cortisol response to an acute challenge in the context of recent stress and smoking status.  

3- Adversity and stress during the prenatal and postnatal period has programming effects on the 

HPA-axis, but also increases the sensitivity for long-term alterations of the HPA-axis due to childhood 

adversity (Chapter 2). These findings reflect the cumulative effect of stress on HPA-axis alterations 

throughout a child's life course. 

4- Cigarette smoking is associated with a diminished cortisol response in boys, and an absence of a 

cortisol stress response in follicular girls (Chapter 3). Cigarette smoking is also associated with a 

reduced heart rate stress response in both boys and girls, irrespective of menstrual cycle or OC use 

(Chapter 3). These finding show that smokers have lower stress reactivity compared to never 

smokers, especially boys and follicular girls.  

5- The presence or absence of background stress as measured with subjective experienced stress 

the day prior to the experiment (yesterday stress) is important. Yesterday stress was associated with 

an increased heart rate response, irrespective of smoking status (Chapter 3). Furthermore, whereas 

yesterday stress was associated with overall lower cortisol levels in never smokers, it was associated 
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with higher overall cortisol levels in smokers (Chapter 3). In sum, results from Chapter 2 and 3 show 

that recent (Chapter 3), chronic, and past experienced adversity (Chapter 2) are associated with an 

altered cortisol stress response in adolescents. 

6- Depressive symptoms are differentially associated with cardiac autonomic nervous system and the 

HPA-axis in adolescents (Chapter 6). Although it has been assumed that the two systems are highly 

interconnected, our results showed that they were only weakly correlated during stress and not 

correlated during rest (Chapter 4).  

7- High RSA was associated with more cognitive/affective depressive symptoms (Chapter 6), but 

was not associated with concurrent or future overall depressive symptoms (Chapter 5). Furthermore, 

a high RSA did not reduce the depressogenic effects of adversities in adolescents (Chapter 5). 

Although it has been assumed that high RSA can be regarded as a marker for emotion regulation 

capabilities, we can not confirm this. 
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Samenvatting (Summary in Dutch) 

 

Inleiding 

 

Het begin van de adolescentie, de puberteit, wordt gekarakteriseerd door hormonale en fysische 

veranderingen. In deze periode vinden maturatie processen plaats in de hersenstructuren die aan de 

basis liggen van hogere cognitieve functies en sociaal en emotioneel gedrag. Ook de structuren die 

betrokken zijn bij de regulatie van stress, zoals de prefrontale cortex, hypothalamus en de amygdala, 

ondergaan tijdens de adolescentie grote veranderingen (zie Hoofdstuk 1, Box 1). De eerste 

menstruatie is bijvoorbeeld een zichtbaar gevolg van maturatie van de hypothalamus. Maturatie 

processen zijn ook terug te zien in de fysiologische reacties op psychosociale stress, die in 

adolescenten anders is dan in kinderen of volwassenen. Studies laten zien dat in vergelijking met 

volwassenen, adolescenten een verhoogde en langere productie van het stresshormoon cortisol 

tijdens stress hebben, en dat kinderen een lagere cortisol productie hebben. Omdat cortisol de bloed-

hersenbarrière passeert, betekent dit dat het adolescente brein tijdens stress aan meer cortisol 

blootstaat dan het volwassen brein. Er wordt verondersteld dat hierdoor het adolescente brein 

kwetsbaarder is dan het volwassen brein voor de gevolgen van stress. Tevens wordt gedacht dat 

stress de ontwikkeling van het adolescente brein mogelijk (blijvend) kan veranderen.  

 De adolescentie is een belangrijke periode om onderzoek in de regulatie van stress te 

doen, omdat in deze levensfase het voorkomen van stress gerelateerde stoornissen en verslavingen, 

zoals depressie en roken, sterk toeneemt. Vrouwen ontwikkelen twee maal zo vaak depressieve 

klachten als mannen en dit geslachtsverschil blijft gedurende de volwassenheid bestaan. Vrouwen 

zijn ook gevoeliger om verslaafd te raken aan het roken van sigaretten en minder succesvol in het 

stoppen met roken bij rookverslaving dan mannen. De geslachtshormonen hebben een seksueel 

dimorfe invloed op de ontwikkeling van de hersenstructuren die betrokken zijn bij de regulatie van 

stress. Zo heeft men, consistent met de verdeling van de steroïde receptoren, gevonden dat tijdens 

de puberteit het volume van de hippocampus meer bij meisjes en het volume van de amygdala meer 

bij jongens toeneemt. Omdat het geslachtsverschil in stress gerelateerde stoornissen en verslavingen 

zichtbaar wordt tijdens de puberteit wanneer de aanmaak van geslachthormonen sterk toeneemt, 

wordt gedacht dat deze hormonen een belangrijke rol spelen in de hogere prevalentie van depressie 

en grotere gevoeligheid voor rookverslaving bij vrouwen. 

De hierop volgende paragrafen geven een korte samenvatting van de vijf afzonderlijke 

studies die gerapporteerd zijn in dit proefschrift. Het proefschrift richt zich op twee biologische 

systemen die betrokken zijn bij de regulatie van stress, namelijk de HPA-as (hypothalamische-

hypofyse (pituitary)-bijnier (adrenal)-as) en het cardiovasculaire autonome zenuwstelsel, waarbij de 

nadruk op de HPA-as is gelegd. Cortisol wordt als indice van het functioneren van de HPA-as 

gebruikt. Hartslag en bloeddruk worden als indices van het functioneren van het cardiovasculaire 

autonome zenuwstelsel gebruikt. In de vijf studies wordt gekeken naar het samenspel tussen deze 

twee biologische systemen met (1) omgevingsinvloeden (negatieve/stressvolle gebeurtenissen en 
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levensstijl), (2) psychologische invloeden (depressieve problemen, subjectief ervaren stress) en (3) 

hormonale invloeden (geslacht, menstruatie cyclus en anticonceptie pil).  

 

Deel Lange- en korte termijn invloeden op het functioneren van het stresssysteem in 

adolescenten 

 

Het eerste deel van het proefschrift (hoofdstukken 2-4) behandelt studies die de lange- en korte 

termijn invloeden op het functioneren van het stresssysteem in adolescenten onderzochten. De focus 

lag specifiek op het verband tussen de fysiologische stressreactie met negatieve/stressvolle 

gebeurtenissen, roken, vrouwelijke geslachtshormonen en subjectief ervaren stress.  

 Om het functioneren van het stresssysteem te meten is er bij 715 jongeren (met een 

gemiddelde leeftijd van 16 jaar) een psychosociale stresstaak afgenomen. Deze stresstaak bestond 

uit het geven van een presentatie met aansluitend een hoofdrekentaak, die beide op video werden 

opgenomen. Bij deze taak werd er aan de jongeren verteld dat de kwaliteit van hun presentatie door 

leeftijdsgenoten zou worden beoordeeld. Tijdens het hoofdrekenen maakte de testassistent 

voortdurend strenge en kritische opmerkingen (“het gaat te langzaam, start opnieuw en dan wat 

sneller”) om de jongeren te frustreren. Voor, tijdens en na deze taak werd er speeksel bij de jongeren 

verzameld zodat de hoeveelheid cortisol later in het laboratorium kon worden bepaald. Gedurende de 

stresstaak werd de hartslag van de jongeren continue gemeten.  

In hoofdstuk 2 zijn de lange termijn invloeden van negatieve/stressvolle gebeurtenissen op 

de cortisol reactie op de stresstaak in adolescenten onderzocht. De hersenstructuren die onderdeel 

uitmaken van de HPA-as hebben ieder hun eigen specifieke ontwikkelingspaden. Gedacht wordt dat 

juist tijdens de periode van grote verandering en groei, stress een grote invloed kan hebben op het 

verloop van de ontwikkeling van deze structuren. Bevindingen in de literatuur geven aan dat 

negatieve/stressvolle gebeurtenissen tijdens de pre- en postnatale periode het functioneren van de 

HPA-as blijvend wijzigt (dit worden “programmeer effecten” genoemd). Gedurende de kindertijd en de 

adolescentie zijn de hersenstructuren betrokken bij de HPA-as nog steeds aan het rijpen, met ieder 

hun eigen specifieke groeimomenten en dus ook specifieke kwetsbare periodes voor beïnvloeding 

door stress. Er wordt gesteld dat de periode waarin stress in de ontwikkeling plaatsvindt van groot 

belang is voor de vorming van de HPA-as.  

Allereerst werd de invloed van negatieve/stressvolle gebeurtenissen gedurende de gehele 

levensloop op het functioneren van de HPA-as onderzocht. Om dit te kunnen doen werden de 

negatieve/stressvolle gebeurtenissen vanaf de prenatale periode tot en met het moment van afname 

van de stresstaak in kaart gebracht en onderverdeeld in vijf perioden: pre- en postnataal, leeftijd 0-5, 

leeftijd 6-11, leeftijd 12-14 en leeftijd 15-16 jaar. Negatieve/stressvolle gebeurtenissen tijdens de pre- 

en postnatale periode zijn: stress van de moeder tijdens de zwangerschap tot en met drie maanden 

na de bevalling, roken en alcohol gebruik van moeder tijdens de zwangerschap, vroeggeboorte, licht 

geboorte gewicht en ziekenhuisopname van moeder en/of kind binnen 1 maand na de bevalling. Voor 

de negatieve/stressvolle gebeurtenissen tijdens de kindertijd en de adolescentie zijn veel 

gebeurtenissen meegenomen, o.a. overlijden van gezinslid, uithuis plaatsing, verslaving problematiek 

ouder(s) en pesten. De resultaten laten zien dat jongeren die veel negatieve/stressvolle 
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gebeurtenissen tijdens de pre- en postnatale periode hebben meegemaakt, tijdens de stresstaak een 

hoge cortisol aanmaak hadden. Dit is in overeenstemming met de bevinding in de literatuur dat stress 

tijdens de pre- en postnatale periode een hyperresponsieve HPA-as als gevolg heeft. Een mogelijke 

verklaring hiervoor is dat het feedback mechanisme van de HPA-as door teveel blootstelling aan 

cortisol in deze vroege ontwikkelingsperiode minder sterk is geworden doordat de receptoren die de 

aanmaak van cortisol remmen, namelijk de glucocorticoide en mineraalcorticoide receptoren, in 

aantal zijn gereduceerd. Wij vinden ook dat jongeren met veel chronische stress in de afgelopen twee 

jaar (leeftijd 15-16) tijdens de stresstaak een lage cortisol aanmaak hadden. Dit resultaat geeft steun 

aan de hypothese dat het adolescente brein gevoelig is voor de invloeden van stress. Mogelijke 

verklaringen voor deze lage cortisol reactie op de stresstaak zijn een verminderde gevoeligheid van 

receptoren op verschillende niveaus van de HPA-as, een verhoogde feedback mechanisme en 

morfologische veranderingen van de hersenstructuren. Vooral de prefrontale cortex zou op deze 

leeftijd gevoelig zijn voor stress aangezien deze structuur grote veranderingen in deze periode 

ondergaat.  

De tweede vraag die werd onderzocht was de mogelijkheid dat negatieve/stressvolle 

gebeurtenissen tijdens de pre- en postnatale periode niet alleen de HPA-as programmeren, maar 

tevens ook de HPA-as kwetsbaarder maken voor invloeden van negatieve/stressvolle gebeurtenissen 

in de kindertijd en de adolescentie. De resultaten bevestigden deze hypothese. Jongeren die 

negatieve/stressvolle gebeurtenissen tijdens de pre- en postnatale periode hebben meegemaakt 

maakten meer cortisol aan als ze ook stress gedurende de kindertijd hadden meegemaakt. Dat 

betekent dat negatieve/stressvolle gebeurtenissen tijdens de pre- en postnatale periode de HPA-as 

niet alleen hyperresponsief maken, maar de HPA-as ook kwetsbaarder maken voor latere stress. We 

vonden dit specifiek voor de leeftijd tussen 6 en 11 jaar. Er wordt gedacht dat vooral de amygdala in 

deze periode door stress wordt beïnvloed en dat in deze structuur onder invloed van stress het aantal 

receptoren dat de aanmaak van cortisol stimuleert door stress wordt verhoogd.  

Ten slotte werd onderzocht of het effect van stress op de HPA-as bij jongens en meisjes 

anders is. Uit de resultaten kwam naar voren dat het effect van stress op de HPA-as pas in de 

adolescentie en niet in de periodes ervoor, anders is bij jongens en meisjes. Dit is in lijn met 

bevindingen in de literatuur die laten zien dat de hogere prevalentie van stress-gerelateerde 

stoornissen bij meisjes pas in de puberteit zichtbaar worden. Uit de resultaten bleek dat meisjes met 

chronische stress in de afgelopen twee jaar een lage cortisol reactie op de stresstaak hadden, terwijl 

jongens dit alleen lieten zien wanneer ze ook negatieve/stressvolle gebeurtenissen tijdens de pre- en 

postnatale periode hadden meegemaakt. Deze resultaten suggereren ten eerste dat het 

stresssysteem bij meisjes tijdens de adolescentie gevoeliger is voor de invloed van 

negatieve/stressvolle gebeurtenissen dan jongens. Ten tweede geven ze aan dat bij jongens 

gebeurtenissen tijdens de pre-en postnale periode een belangrijke rol spelen op de mate waarin 

stress in de puberteit ingrijpt op het functioneren van de HPA-as. 

 In hoofdstuk 3 werd de invloed van roken, achtergrond stress en vrouwelijke 

geslachtshormonen op de cortisol en hartslag reactie op de stresstaak onderzocht. Achtergrond 

stress werd gedefinieerd als het meemaken van veel stress op de dag voorafgaande aan het 

experiment. Studies in de literatuur laten zien dat de HPA-as en de HPG-as (hypothalamus-hypofyse 
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(pituitary)-gonade-as, die de afgifte van geslachtshormonen regelt) elkaar beïnvloeden. Tevens heeft 

het roken van sigaretten een sterke invloed op het functioneren van beide systemen. 

 Ten eerste werd gekeken of geslacht en vrouwelijke hormonen (menstruatie cyclus en 

gebruik van de anticonceptie pil) het effect van roken op de cortisol reactie op de stresstaak 

beïnvloedt. Allereerst werd gevonden dat rokers een minder hoge cortisol en hartslag reactie hadden 

dan niet-rokers. Wanneer gekeken werd naar de invloed van geslacht en vrouwelijke hormonen, 

kwam naar voren dat roken alleen op de cortisol reactie bij jongens en bij meisjes in de folluculaire 

fase van de menstruatiecyclus een effect had. Rokende jongens hadden een lagere cortisol reactie 

dan niet rokende jongens, terwijl rokende meisjes in de folluculaire fase van de menstruatiecyclus 

helemaal geen cortisol reactie lieten zien. Roken had dus geen effect op de cortisol reactie bij 

meisjes die in de luteale fase van de menstruatiecyclus zijn of de anticonceptie pil slikken. Deze 

bevindingen geven duidelijk aan dat roken, de HPA-as en de HPG-as elkaar beïnvloeden.  

 Ten tweede werd onderzocht of stress op de dag voorafgaande aan het experiment 

(‘achtergrond stress’) van invloed is op de fysiologische stressreactie. Hierbij hebben we gekeken 

naar de mogelijke invloeden van geslacht, vrouwelijke hormonen en roken in het effect van 

achtergrond stress op de fysiologische stressreactie. De resultaten geven aan dat de jongeren met 

aanwezigheid van achtergrond stress een hoge hartslag reactie op stress hebben. Verder werd er 

gevonden dat achtergrond stress de cortisol reactie op stress bij meisjes, maar niet bij jongens 

beïnvloedde. De richting van deze associatie bleek afhankelijk te zijn van de menstruatie cyclus en 

gebruik van de pil: achtergrond stress voorspelde bij meisjes in de luteale fase van de 

menstruatiecyclus hogere cortisol waarden tijdens de stresstaak, bij meisjes in de folliculaire fase en 

pil slikkers was er geen aanwezigheid van een cortisol stressreactie. Deze resultaten suggereren dat 

de HPA-as gevoeliger is voor de invloed van achtergrond stress bij meisjes dan bij jongens en laten 

ook zien dat vrouwelijke hormonen hier een belangrijke bepalende rol in spelen. Er werd ook 

onderzocht of het effect van stress op de dag voorafgaande aan het experiment op de fysiologische 

stressreacties hetzelfde was in rokers en niet-rokers. Deze vraag is gebaseerd op resultaten uit de 

literatuur die laten zien dat in ratten bij herhaalde stress de HPA-as sterker wordt geactiveerd door 

nicotine. De resultaten laten zien dat rokers met achtergrond stress meer cortisol aanmaak hebben 

gedurende de stresstaak dan rokers en niet-rokers zonder achtergrond stress. Dit is een belangrijke 

bevinding die weergeeft dat stressvolle situaties en roken samen een bepalende invloed hebben op 

het functioneren van de HPA-as tijdens stress in jongeren.  

 In hoofdstuk 4 is de vraag onderzocht of subjectief ervaren stress samenhangt met de 

fysiologische stressreactie. Veel onderzoeken hebben zich gericht op óf de subjectieve óf de 

fysiologische reactie op stress, maar er is nog weinig onderzoek naar de samenhang tussen deze 

twee reacties verricht. De resultaten bevestigden onze hypothese dat subjectief ervaren stress met 

de fysiologische stressreacties, gemeten met o.a. de hartslag en cortisol, samenhangt. Maar ook 

bleek dat jongeren die meer subjectieve stress aangaven ruim voordat de stresstaak startte, geen 

andere fysiologische stressreacties lieten zien tijdens de stresstaak dan jongeren die weinig 

subjectieve stress aangaven. Deze bevinding zou kunnen voorkomen uit het feit dat er een relatief 

lange tijdsperiode tussen het moment van subjectieve meting voorafgaande aan de stresstaak en het 

moment van de stresstaak zelf lag. Verder werden er gedurende deze tussentijd andere taken 
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afgenomen die wellicht de perceptie van subjectieve stress hebben gewijzigd. Op basis van deze 

gegevens valt niet te concluderen dat subjectief ervaren stress géén voorspeller is van de 

fysiologische reactie op stress. Tevens werd onderzocht of de fysiologische reactie op de stresstaak 

de mate van subjectief ervaren stress kan voorspellen. De resultaten lieten zien dat alleen de 

hartslag en niet cortisol, een voorspeller was voor de hoeveelheid subjectieve stress die men na de 

stresstaak rapporteerde. Jongeren met een grotere stijging in hartslag tijdens de stresstaak, 

rapporteerden na afloop van de taak minder subjectieve stress. Het zou kunnen zijn dat deze 

jongeren meer hun best hebben gedaan tijdens de stresstaak en zich na afloop van de taak hierover 

tevreden voelen, dan de jongeren met een kleinere hartslag stijging tijdens de stresstaak. Van belang 

is dat de sterkte van de relaties tussen de subjectieve en fysiologische reacties op stress erg klein 

was. Dit betekent dat subjectieve rapportage van ervaren stress niet goed kan aangeven hoe de 

fysiologische reacties tijdens de stresstaak zullen zijn, en mogelijk ook niet tijdens stress in het 

dagelijks leven. 

 

Deel II De relatie tussen fysiologische rustmetingen en depressieve problemen & stressvolle 

gebeurtenissen tijdens de adolescentie 

 

Het tweede deel van het proefschrift (hoofdstukken 5 en 6) behandelt twee studies die de relatie 

tussen de HPA-as en het cardiovasculaire autonome zenuwstelsel met depressieve problemen in 

adolescenten onderzochten. De HPA-as regelt niet alleen de afgifte van cortisol tijdens stress, maar 

regelt ook het dag en nacht ritme van cortisol. De hoogste afgifte van cortisol is in de ochtend kort na 

het ontwaken en wordt de ‘cortisol awakening response’ (CAR) genoemd. Een recente meta-analyse 

laat zien dat mensen met een depressie een hogere, maar ook lagere cortisol waarden na ontwaken 

hebben dan gezonde controles. Verder laten resultaten van onderzoeken zien dat bij depressie de 

balans van het cardiovasculair autonoom zenuwstelsel is gewijzigd. Het autonome zenuwstelsel 

bestaat uit twee delen, namelijk een sympatisch en een parasympatisch  deel, waarbij sympatische 

invloeden de hartslag versnellen en parasympatisch invloeden de hartslag vertragen. De autonome 

sturing van het hart kan via de hartslagfrequentie en de variabiliteit in de hartslagfrequentie (heart 

rate frequency, HRV) worden bestudeerd. De mate van sympatische en parasympatisch invloed op 

de HRV wordt via spectraal analyse bepaald, waarbij de HRV opgedeeld wordt in een lage en hoge 

frequentieband. De lage band geeft zowel sympatische als vagale activiteit weer, terwijl de hoge 

band (ook wel de ‘respiratoire sinus arrythmie’, RSA) vooral de parasympatisch activiteit weergeeft. 

Resultaten uit de literatuur laten zien dat bij mensen met een depressie er een hogere sympatische 

en een lagere parasympatisch invloed op de HRV is dan bij gezonde controles. In dit deel van het 

proefschrift wordt onderzocht of er bij jongeren met depressieve problemen ook verschillen in het 

cardiovasculair autonoom zenuwstelsel en de HPA-as worden gevonden.  

 In hoofdstuk 5 is de samenhang tussen RSA metingen tijden rust en depressieve 

problemen in de vroege adolescentie onderzocht. Porges’s Polyvagal Theory geeft een uitgebreide 

beschrijving van de autonome invloeden op het hart en geeft weer dat het vagale (of parasympatisch) 

systeem een rol speelt bij het uitdrukken en reguleren van emoties. Deze theorie veronderstelt dat 

een hoge RSA een grote mate van het goed reguleren van emoties weergeeft. Omdat depressie een 
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stoornis in het reguleren van emoties is, is onderzocht of een lage RSA met meer depressieve 

problemen bij jongeren geassocieerd zou zijn. De resultaten laten zien dat de rustmeting van de RSA 

niet met depressieve problemen samenhing. Tevens kwam naar voren dat een lage RSA geen 

toename in depressieve problemen na twee jaar voorspelde. Een mogelijke verklaring voor de 

afwezigheid van een verband tussen de RSA en depressieve problemen is dat deze associatie via 

stressvolle situaties verloopt. Anders gezegd, het zou kunnen dat jongeren met een lage RSA minder 

goed in staat zijn om met stressvolle situaties om te gaan dan jongeren met een hoge RSA. De 

hypothese dat jongeren met een lage RSA meer depressieve problemen ontwikkelen na het 

meemaken van stress dan jongeren met een hoge RSA, werd niet door de resultaten bevestigd. De 

resultaten lieten zien dat de invloed van de RSA op de relatie tussen stressvolle gebeurtenissen en 

depressieve problemen bij jongeren verwaarloosbaar is. Deze bevindingen zijn niet consistent met de 

theorie van Porges die aangeeft dat de vagale invloed op het hart een index is voor het vermogen om 

emoties na stress goed te kunnen reguleren. 

 In hoofdstuk 6 werd onderzocht of de somatische en cognitief-affectieve depressieve 

problemen een andere samenhang met de HPA-as en het cardiovasculair autonoom zenuwstelsel 

hebben. Depressie en hart- en vaat ziekten clusteren met elkaar en er wordt gedacht dat ontregeling 

van het stresssysteem (de HPA-as en het cardiovasculair autonome zenuwstelsel) het overlappende 

onderliggende biologische mechanisme zou kunnen zijn. Risicofactoren voor slechtere prognose bij 

mensen met hart- en vaatzieken zijn verhoogde cortisol waarden, een lage HRV en een verminderde 

baroreflexgevoeligheid (baroreflex sensitivity, BRS). De BRS reflecteert de autonome invloeden op 

de bloeddruk en is een indicator voor de kwaliteit van de korte termijn bloeddruk regeling. Depressie 

is een heterogene stoornis betssande uit cognitieve, affectieve en somatische symptomen. 

Bevindingen uit de literatuur laten zien dat bij patiënten met een cardiovasculaire ziekte vooral een 

subset van depressieve symptomen een rol speelt bij de associatie tussen cardiovasculaire prognose 

en lage HRV.  Deze studie onderzocht of bij jongeren zonder cardiovasculaire ziekte, de somatische 

en cognitief-affectieve depressieve problemen verschillend samenhang met de HPA-as (gemeten 

met de CAR) en het cardiovasculair autonoom zenuwstelsel (gemeten met de HRV en BRS) hebben. 

De resultaten bevestigen deze hypothese en laten zien dat de somatische depressieve problemen 

met een hogere CAR en met een lagere HRV en BRS samenhangen, terwijl de cognitief-affectieve 

depressieve problemen met een lage CAR, en een hoge HRV en BRS samenhingen. Deze 

bevindingen laten zien dat al op jonge leeftijd en in afwezigheid van cardiovasculaire ziektes, 

somatische depressieve problemen samenhangen met fysiologische markers die geassocieerd zijn 

met een verhoogd cardiovasculair risico.  

 

Conclusies 

 

Alles bij elkaar genomen vonden we dat het moment van blootstelling aan stress belangrijk is voor 

het functioneren van de HPA-as in de adolescentie. De resultaten geven duidelijk aan dat ouders een 

bepalende invloed hebben op de vorming van het stresssysteem, en dat dit proces al begint tijdens 

de zwangerschap. De bevindingen laten ook zien dat de combinatie van vroege en latere stress van 

belang is op het functioneren van het adolescente stresssysteem. Vooral meisjes blijken gevoelig te 
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zijn voor de impact van stress op het stresssysteem tijdens de adolescentie. Naast stressvolle 

omgevingsinvloeden hebben jongeren ook zelf bepalende invloed op het functioneren van hun 

stresssysteem. Zo werd duidelijk dat rokers een lagere stressreactie hebben dan niet-rokers, mits ze 

geen recente stressvolle dag hebben meegemaakt want dan hebben rokers een verhoogde cortisol 

reactie tijdens stress. Ook werd het duidelijk dat verstoring van het stresssysteem door roken 

afhankelijk is van de fase van de menstruatie cyclus en het slikken van de pil. Aanvullend onderzoek 

zal moeten uitwijzen of een gewijzigde HPA-as een rol speelt in de hogere prevalentie van depressie 

en andere stress-gerelateerde stoornissen in meisjes. Verder zal de mogelijke rol van vrouwelijke 

hormonen in de gevoeligheid van vrouwen voor stress en rookverslaving verder onderzocht moeten 

worden. De bevindingen onderschrijven tevens de gedachte dat depressie een heterogene stoornis 

is, en laten zien dat somatische depressieve klachten anders met het functioneren van stresssysteem 

samenhangt dan de cognitief-affectieve depressieve problemen. Subgroepen in depressie moeten 

dan ook beter longitudinaal onderzocht worden, om zo meer inzicht te krijgen in de mogelijk 

verschillende onderliggende fysiologische etiologie.  

 Het stresssysteem is een dynamisch systeem en wordt gekarakteriseerd door het 

vermogen zich aan te passen aan een breed scala aan omgevingsinvloeden. De studies in dit 

proefschrift laten zien dat tijdens de adolescentie het functioneren van het stresssysteem wordt 

beïnvloed door een complex samenspel van omgevingsinvloeden, geslachtshormonen, lifestyle en 

type depressieve problemen. Het stresssysteem kan zowel hyper- als ook hyporesponsief reageren 

onder invloed van deze factoren. De uitdaging in de toekomst is te onderzoeken of deze reacties van 

het stresssysteem een adaptieve en gezonde reacties zijn of maladaptieve reacties zijn met 

negatieve consequenties voor de psychische- en lichamelijke gezondheid.  
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