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General introduction

1
While exposure to stressors is a well-established risk factor for externalizing and 
internalizing psychopathology in adolescence (for an overview, see Grant, Compas, 
Thurm, McMahon, & Gipson, 2004), there is substantial individual variation in outcome 
(Jenkins, 2008; Rutter, 2005). This PhD thesis aims to contribute to our understanding 
of that variation, by examining specific biological factors that may be associated with a 
favourable or unfavourable long-term mental health outcome after exposure to stress-
ors. The research is focused on adolescence. Adolescence is an important developmental 
period for studying the stressors-psychopathology association, given associated major 
biological, psychological, and social changes (Hollenstein & Lougheed, 2013); as well as 
pronounced increases in prevalence rates of psychopathology (Newman et al., 1996) and 
number of stressors (Larson & Ham, 1993).

The stressors-psychopathology relationship

Factors that confer vulnerability or resilience by altering an association’s direction or 
strength are referred to as moderators (Baron & Kenny, 1986). The substantial individual 
variation in mental health outcomes after exposure to stressors (Jenkins, 2008; Rutter, 
2005) suggests the workings of such moderating factors. Potential moderators of the 
stressors-psychopathology association include relatively stable characteristics of the in-
dividual, group, or environment; that may be genetically or environmentally influenced; 
and that exist preceding stressor exposure (Grant et al., 2003). In a literature review 
of moderator effects on the stressors-psychopathology association in adolescence, 
Grant and colleagues (2006) demonstrated generally inconsistent findings and a lack of 
theory-based studies. The reported moderator studies addressed fixed individual char-
acteristics (e.g., age, sex, ethnicity), more malleable psychological characteristics (e.g., 
cognitions, competence, coping) and environmental characteristics (e.g., social support, 
family or peer environment). 

What stands out in this list is the absence of biological characteristics. Parallel in 
time to the review by Grant and colleagues, the resilience literature urged the need to 
consider biological factors, such as genetic markers, neurotransmitters, and hormones, 
as potential risk or protective factors in the face of adversity (Luthar, 2006). Meanwhile, 
literature reviews and meta-studies demonstrated great progress in the identification 
of specific biological risk factors (e.g., genetic variation, autonomic underarousal) of 
externalizing problems (oppositional defiant and conduct disorders, Burke, Loeber, & 
Birmaher, 2002; aggression, psychopathy, and conduct disorder, Lorber, 2004; antisocial 
behavior, Ortiz & Raine, 2004; antisocial and violent behavior, Raine, 2002a) and emerg-
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ing interest in and evidence of interactions between biological and psychosocial risk 
factors to explain individual differences in externalizing problems (Raine, 2002b).

Thus, one decade ago, the literature called for more theory-driven research on 
biosocial interactions underlying individual differences in risk of psychopathology. 
Since, findings from the field of externalizing problems as well as the introduction of 
influential theories of sensitivity to the environment have drawn researchers’ attention 
toward psychophysiology and genetic polymorphisms as potential mechanisms linking 
stressors to mental health problems. Biological factors central to this PhD thesis are 
basal cortisol level collected immediately upon waking, resting heart rate (HR), and the 
Dopamine D4 Receptor 7-repeat allele (DRD4-7R). We investigated if these biological 
variables aided in furthering our understanding of adolescents’ externalizing (aggressive 
and rule-breaking) and internalizing (mood and anxiety) problems following exposure 
to stressors. 

Individual differences in sensitivity to stressors

The heterogeneity in mental health outcomes following exposure to stressors sug-
gests that some individuals are more “sensitive” than others. Individual differences in 
sensitivity to the environment have been addressed in several theoretical frameworks. 
According to the Diathesis-Stress model (Zuckerman, 1999), individuals with a certain 
vulnerability (diathesis) are more likely to be negatively affected by exposure to stress-
ors than individuals without that vulnerability. Specifically, a vulnerability factor (e.g., 
psychological, physiological, genetic), or a combination of vulnerability factors from 
multiple domains, may interact with exposure to stressors to produce enhanced risk of 
mental health problems (Monroe & Simons, 1991), in line with the moderator definition 
provided above. 

In the last decade, the Diathesis-Stress notion that some individuals are more sensitive 
to stressors than others has been extended by Biological Sensitivity to Context theory 
and the Differential Susceptibility hypothesis (Belsky, Bakermans-Kranenburg, & Van 
IJzendoorn, 2007; Boyce & Ellis, 2005; Ellis & Boyce, 2008; Ellis, Boyce, Belsky, Baker-
mans-Kranenburg, & Van IJzendoorn, 2011). These models have proposed that that highly 
sensitive individuals, compared to those less sensitive, may not only be more affected 
by adverse environmental influences (e.g., parental hostility), but also by beneficial 
environmental influences (e.g., parental emotional warmth). High sensitivity, character-
ized by high attentiveness and responsiveness to environmental cues (e.g., social, emo-
tional), may thus be advantageous or disadvantageous, depending on the environmental 
context. On the one hand, sustained exposure to stress-related cues may put sensitive 
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individuals at risk of stress overload and, consequently, externalizing and internalizing 
problems, impaired school or work performance, and other detrimental outcomes. On 
the other hand, in supportive, low-stress environments, the same sensitive individuals 
may optimally benefit from the care and education they receive (Shirtcliff & Essex, 2008), 
enabling them to thrive across multiple domains (e.g., mental and physical health, social 
functioning, school or work performance). In contrast, individuals with low sensitivity, 
characterized by low attentiveness and responsiveness to their surroundings, may be 
less affected by stressful situations as well as by positive experiences or efforts made by 
parents and teachers.1  

In sum, whereas Biological Sensitivity to Context and Differential Susceptibility 
theories refer to sensitivity for better and for worse, Diathesis-Stress only covers the 
latter. Individual characteristics that may reflect individual differences in sensitivity to 
environmental influences (adverse, beneficial, or both), are thus of interest as potential 
moderators of the stressors-psychopathology association.

Potential biological markers of sensitivity

Whereas early Biological Sensitivity to Context work (e.g., Ellis, Essex, & Boyce, 2005) 
focused exclusively on psychobiological reactivity measures as indices of sensitivity, 
the Differential Susceptibility framework did not limit potential sensitivity indices to 
specific domains or types of measures. A recent integration of these complementary 
frameworks has pointed to individual differences in neurobiological sensitivity as the 
common denominator and has suggested that markers of sensitivity at the behavioral, 
neuroendocrine, neural, genetic, and epigenetic level may reflect a common sensitive 
endophenotype (Ellis et al., 2011). In this thesis, we investigate potential sensitivity 
markers at the neurobiologic and genetic level. 

The neuroendocrine system strives for bodily homeostasis (i.e., equilibrium or bal-
ance) by regulating a wide range of physiological processes (e.g., reproduction, energy 
supply and usage). When homeostasis is disrupted (e.g., by injury, infection, or psycho-
social stressors), a stress response is set into motion that enables the body to respond 
quickly and adequately in order for homeostasis to be restored. Neurobiological mea-
sures central to this thesis involve cortisol, the hormonal end product of the hypotha-

1 Somewhat hackneyed, yet illustrative, is the botanical analogy of high and low sensitivity with the orchid and 
the dandelion (Boyce & Ellis, 2005). In short, when growing in precisely the right circumstances, an orchid is 
a feast for the eyes, but any mild climate disturbance results in its downfall. The dandelion, in contrast, is not 
known for its aesthetic qualities, but will grow everywhere regardless of climate changes.
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lamic–pituitary–adrenal (HPA) axis (Hawes, Brennan, & Dadds, 2009), also known as the 
stress axis (Dedovic, Duchesne, Andrews, Engert, & Pruessner, 2009); and HR, produced 
by the autonomic nervous system. At the genetic level, we have investigated a specific 
polymorphism that is related to dopamine, one of the brain’s chemical messengers, as a 
potential marker of sensitivity.

Cortisol

In the absence of an acute stressor, cortisol levels follow a diurnal rhythm characterized 
by a typically steep increase approximately 30 minutes after waking (the cortisol awak-
ening response, CAR), followed by smaller spikes and a gradual decline throughout the 
day until they start to rise again before dawn (Fries, Dettenborn, & Kirschbaum, 2009; 
Tsigos & Chrousos, 2002). A distinction is made between basal cortisol, reflecting un-
stimulated (resting) activity of the HPA axis, versus cortisol reactivity, that is, increases 
in cortisol level in the morning or in response to an acute stressor (Laceulle, Nederhof, 
Van Aken, & Ormel, 2015). 

In line with Biological Sensitivity to Context theory’s original focus on psychobio-
logical reactivity, many studies set out addressing cortisol reactivity (or HR reactivity) 
in response to acute laboratory-induced stress, as a potential marker of sensitivity. 
Although laboratory paradigms have contributed significantly to our understanding of 
physiological stress systems, acute laboratory-based stressors may have less ecological 
validity when the goal is to enhance understanding of individuals’ sensitivity to real-life 
stressors. In comparison to cortisol reactivity, studies on basal cortisol levels have been 
scarce. 

The notion of basal cortisol level as a potential marker of sensitivity to the environ-
ment has been supported by findings, published nearly a decade ago, suggesting that 
individuals with high compared to low basal cortisol level are more sensitive to the 
negative effects of environmental instability (Shirtcliff & Essex, 2008). Nonetheless, 
basal cortisol level in relation to sensitivity has remained understudied, illustrated 
by the call for such studies (Marsman et al., 2012). Recent findings provide additional 
support for a link between basal cortisol level and sensitivity. Namely, high sensitivity 
to acute stressors (i.e., cortisol reactivity) in 9-10 year-old children was predicted by 
(morning but not evening) basal cortisol levels that had increased over the preceding 6 
years, whereas low sensitivity was predicted by basal cortisol levels that had decreased 
over time (Laurent, Gilliam, Wright, & Fisher, 2015).

Basal cortisol level, as potential marker of sensitivity to the environment, may affect 
mental health problems in a favourable or unfavourable manner, depending on specific 
characteristics of the environment (e.g., supportive vs. hostile). This may explain in part 
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why prior findings of basal cortisol levels in relation to internalizing and externalizing 
problems have been mixed and typically weak (e.g., Adam, Sutton, Doane, & Mineka, 
2008; Alink et al., 2008; Dietrich et al., 2013; Hartman, Hermanns, De Jong, & Ormel, 2013; 
Knorr, Vinberg, Kessing, & Wetterslev, 2010). Ideally, (suspected) sensitivity markers 
should not be investigated merely as a predictor, outside their explanatory context (i.e., 
the environmental characteristics that interact differentially with low vs. high sensitivity 
to produce favourable vs. unfavourable outcomes).

In order to be of interest as a potential marker of underlying stable trait character-
istics such as sensitivity, biological measures should likewise be relatively stable over 
time and thus reproducible. According to recent estimates, around half of the variance 
in basal cortisol levels is stable across days (41-57%, Kertes & Van Dulmen, 2012; 39-57%, 
Van Hulle, Shirtcliff, Lemery-Chalfant, & Goldsmith, 2012), driven by stable individual 
characteristics (i.e., trait influence). In addition, basal cortisol levels have a substantial 
genetic component (e.g., 62%: Bartels, Van den Berg, Sluyter, Boomsma, & de Geus, 2003; 
46-69% across morning cortisol levels: Riese, Rijsdijk, Rosmalen, Snieder, & Ormel, 
2009). Moreover, recent findings illustrate a trait component in basal cortisol level by 
demonstrating an association with personality traits, including facets of neuroticism 
(Laceulle et al., 2015). In contrast, cortisol reactivity measures including the CAR were 
not associated with personality (Laceulle et al., 2015), suggesting that cortisol reactivity 
measures primarily reflect individual or environmental characteristics that vary across 
days or hours (i.e., state influence). In this thesis, we have focused specifically on basal 
cortisol levels collected directly upon waking, thus timed on the individual day curve.

Heart rate

The autonomic nervous system regulates brain and body arousal states, switching be-
tween activation and inhibition, that is, sympathetic and parasympathetic activity. The 
parasympathetic branch is thought to be dominant in non-threatening conditions, by 
inhibiting sympathetic activity (Thayer & Brosschot, 2005), thus functioning as a brake. 
In threatening conditions, the brake is released, allowing sympathetic activity full play. 
Resting HR, a measure of autonomic arousal (Ortiz & Raine, 2004), is thought to reflect 
the balance between these two branches.

Recent findings suggest that resting HR may reflect individual differences in sensitivity 
to beneficial environmental influences on disruptive behavior in youth. There appears 
to be a generally positive association between autonomic arousal level, including resting 
HR, and efficacy of cognitive behavioral therapy (CBT) in reducing antisocial behavior in 
youth (Cornet, De Kogel, Nijman, Raine, & Van der Laan, 2014). For example, in a sample 
of 7-12-year-olds who had been referred for disruptive behavior and treated with CBT, 
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those who showed significant improvement (i.e., decrease in disruptive symptoms) were 
characterized by high resting HR, whereas those who did not improve were character-
ized by low resting HR (Stadler et al., 2008). In addition, our research group has recently 
demonstrated that higher chronic stressor levels predicted greater severity of (external-
izing and internalizing) mental health problems in preadolescents with high resting HR, 
but not in those with low resting HR (Oldehinkel, Verhulst, & Ormel, 2008). Together, 
these findings suggest that resting HR may be reflective of sensitivity to environmental 
influences, beneficial (such as CBT), as well as adverse (such as chronic stressors), in 
line with the Differential Susceptibility hypothesis. That is, youth with high resting HR 
may be likely to be positively affected by beneficial environmental influences but nega-
tively by adverse influences. Conversely, preadolescents with low resting HR may not 
only be less sensitive to the positive effects of beneficial environments, but also to the 
detrimental effects of adverse environments.

However, there have also been findings that the combination of low resting HR and 
environmental risk factors such as violence exposure, poor parent-child relationship, or 
low socio-economic status, resulted in increased risk of externalizing problems (Raine, 
2002b; Scarpa, Tanaka, & Haden, 2008). This is consistent with the well-established nega-
tive association between resting HR and externalizing problems, that is, low resting HR 
increases risk (Lorber, 2004; Ortiz & Raine, 2004; Portnoy & Farrington, 2015), whereas 
high resting HR is protective against externalizing problems (Portnoy, Chen, & Raine, 
2013; Raine, 2002b). These conflicting findings illustrate the need for further research 
on resting HR as a moderator of the association between environmental influences, 
especially in the adverse range, and adolescents’ externalizing problems.

Resting HR level measured in pre-adolescence appears to be sufficiently stable over 
time to be a potential marker of sensitivity, as evidenced by high reproducibility (i.e., 
high relative and absolute reliability; Intraclass Correlation Coefficient = .78, Coefficient 
of Variation = 6.8) across a 2-week period (Dietrich et al., 2010). Resting HR is substan-
tially influenced by genetic factors (e.g., 29%, Baker et al., 2009; 51%, Zhang et al., 2014).

The Dopamine D4 Receptor 7-repeat allele

A polymorphism in the third exon of the DRD4 gene encodes for a variable number of 
tandem repeats, ranging from 2 to 11 (Bakermans-Kranenburg & Van IJzendoorn, 2011; 
Dmitrieva, Chen, Greenberger, Ogunseitan, & Ding, 2011; Ptacek, Kuzelova, & Stefano, 
2011). The 7-repeat (7R) variant results in lower affinity for dopamine (Ptacek et al., 
2011), one of the brain’s chemical messengers that is, through its role in reward mecha-
nisms, motivation, and approach behavior (Dmitrieva et al., 2011), of interest in relation 
to externalizing problems.



15

General introduction

1
DRD4-7R has been extensively examined as a moderator of environmental influences 

on externalizing problems, based on the notion that presence of one or two copies of 
DRD4-7R may reflect relatively high sensitivity to adverse as well as to beneficial en-
vironmental influences. This notion has received some, yet inconsistent, support from 
findings on toddlers and preschoolers (cf. Bakermans-Kranenburg & Van IJzendoorn, 
2006; Bakermans-Kranenburg, Van IJzendoorn, Pijlman, Mesman, & Juffer, 2008; Prop-
per, Willoughby, Halpern, Carbone, & Cox, 2007; Windhorst et al., 2015). Findings in (pre)
adolescence especially have been mixed.

Specifically, one study has shown relatively high sensitivity in DRD4-7R carriers, for 
better and for worse, to the influence of early maternal stimulation and responsiveness, 
but not early family adversity, on CD/ODD and psychopathy in adolescence (Nikitopou-
los et al., 2014). Another study showed relatively high sensitivity in DRD4-7R carriers, 
for better and for worse, to a broad range of intervention-targeted parenting behaviors 
in early adolescence, with respect to self-reported substance use, but not to parent-
reported delinquency (Beach, Brody, Lei, & Philibert, 2010). Other findings showed no 
evidence that DRD4-7R moderated the influence of maternal expressed emotion (i.e., 
warmth, criticism) on conduct problems (Sonuga-Barke et al., 2009) or on prosocial and 
antisocial behavior (Richards et al., 2015).

Within our research group, one study showed that DRD4-7R moderated the associa-
tion between parental separation and externalizing problems, although this effect per-
tained only to boys, not to girls, and only to the absence of parental separation, not to 
its presence (Nederhof, Belsky, Ormel, & Oldehinkel, 2012). That is, externalizing levels 
of DRD4-7R-carrying boys compared to noncarriers were relatively low if their families 
were intact but did not differ if their parents had separated, suggesting sensitivity for 
better but not for worse. Other studies from our research group showed no evidence 
that DRD4-7R carriers are relatively sensitive to the influence of social well-being and 
peer victimization on delinquency (Kretschmer, Dijkstra, Ormel, Verhulst, & Veenstra, 
2013) or of perceived parental rejection, overprotection, and emotional warmth on de-
linquency and aggression (Marsman, Oldehinkel, Ormel, & Buitelaar, 2013) or substance 
use (Creemers et al., 2011). 

What seems to stand out in these prior findings is the lack of evidence that DRD4-7R 
reflects sensitivity to the detrimental effects of adverse environmental influences. The 
few findings that did support high sensitivity not only for better but also for worse in 
DRD4-7R carriers (Beach et al., 2010; Nikitopoulos et al., 2014) were based on the absence 
of positive (beneficial) environmental influences. For example, whereas high levels of 
maternal stimulation and responsivity in the study by Nikitopoulos et al. (2014) were 
considered to be beneficial, low levels reflect an absence of beneficial influence, rather 
than presence of adverse influence (e.g., the presence of maternal hostility). In contrast, 
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of the prior findings in adolescence relating to actual adverse influence (i.e., early family 
adversity, perceived parental rejection or overprotection, maternal expressed criticism, 
peer victimization, parental divorce or separation), none suggested differences in 
externalizing levels between DRD4-7R carriers and noncarriers (Creemers et al., 2011; 
Kretschmer et al., 2013; Marsman et al., 2013; Nederhof et al., 2012; Nikitopoulos et al., 
2014; Richards et al., 2015; Sonuga-Barke et al., 2009). Thus, the Differential Suscepti-
bility hypothesis, extending the Diathesis-Stress theory (Zuckerman, 1999) that some 
individuals are more vulnerable to the detrimental effects of adverse influences, has not 
received much support from the data. Further research is needed in order to determine 
whether and how DRD4-7R moderates the influence of environmental factors, especially 
in the adverse range, on adolescents’ externalizing problems.

Individual differences in general vulnerability: Parental 
psychiatric history

Effects of biological moderators on the stressors- psychopathology association may 
be more profound in the presence of high general vulnerability, as indexed by parental 
psychiatric history (PH). We focused on severity rather than presence versus absence, 
or on the domain (externalizing vs. internalizing) of PH, for the following reasons: First, 
PH is a strong predictor of increased genetic and environmentally-driven vulnerability 
for psychopathology in offspring (Burke et al., 2002; Kim-Cohen, Moffitt, Taylor, Pawlby, 
& Caspi, 2005). This vulnerability is not limited to a particular problem domain, given 
that externalizing and internalizing PH are each associated with both problem types in 
offspring (e.g., Kim-Cohen et al., 2005; Marmorstein, Malone, & Iacono, 2004). If familial 
transmission (partially) results in a non-specific vulnerability for psychopathology, the 
severity (i.e., complexity) of PH may be an important indicator of the degree of vulner-
ability. In line with this, prior research findings demonstrate increased risk of psycho-
pathology in offspring when a parent is affected by both externalizing and internalizing 
psychopathology compared to only one type (Kim-Cohen et al., 2005), whereas offspring 
of two affected parents may be at even higher risk (Dierker, Merikangas, & Szatmari, 
1999; Marmorstein et al., 2004).

Stressors

This PhD thesis covers two distinct types of psychosocial stressors. We have gener-
ally focused on chronic stressors, operationalized as number of long-term difficulties 
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encountered in the preceding years, assessed in early adolescence and again in mid-
adolescence (average age 13.5 and 16 years, respectively). Stressors may become more 
potent in affecting mental health as they persist over time, taxing individuals’ physical 
and psychological coping resources. 

In addition, a focus on chronic stressors may capture subtle individual differences that 
would be missed when focusing solely on life events. To illustrate, the effect of parental 
divorce, a life event, on offspring is highly dependent on the degree of parental conflict 
surrounding the divorce as well as during the marriage. Namely, offspring’s functioning 
is negatively affected by high peri-divorce conflict (Davidson, O’Hara, & Beck, 2014), but 
positively affected by a divorce if it ends long-lasting marital conflict (Amato, Loomis, & 
Booth, 1995). Conversely, long-lasting parental conflict that does not involve separation 
or divorce but rather endures has a more detrimental effect on offspring (Amato et al., 
1995). Thus, in some instances, the distinction between life event and chronic difficulty 
may be artificial, which may cloud the stressors- psychopathology association. Even 
major life events with an evident direct and acute impact, such as death of a parent or a 
severe accident, are likely accompanied by chronic difficulties. 

Furthermore, subtle individual differences in sensitivity may be missed when adverse 
environmental influences are rather narrowly operationalized, capturing only one aspect 
of individuals’ lives (e.g., either family or peer group) while beneficial influences from 
other domains, if present, will compensate for their impact. Environmental influences 
that are chronic and reflect multiple adverse aspects across multiple environmental 
domains (e.g., family, peers, school, and neighborhood) may exceed sensitive individu-
als’ ability to cope. Therefore, investigating chronic, multi-context, stressors may aid in 
capturing individual differences in sensitivity to the environment.

In addition to this general focus on chronic stressors, we have conducted one study 
investigating a single, normative, transitional event that may be an acute or enduring 
stressor for some, but may be positively challenging for others. Participant ratings of 
how enjoyable and how unpleasant the transition to middle school had been for them, 
enabled us to distinguish between positive and negative transition experiences and 
therewith to test for sensitivity for better and for worse. 

Study design

We used data from the first three measurement waves (mean ages about 11, 13.5, and 16 
years) of the Dutch “TRacking Adolescents’ Individual Lives Survey” (TRAILS). TRAILS 
aims to contribute to the understanding of the etiology and course of mental health 
problems by following 10-12 year-old Dutch children biennially into adulthood. We 
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pooled data from the population-based birth cohort (n = 2230) and the parallel clinic-
referred cohort (n = 543), to obtain a large sample with wide ranges of problem severity 
and chronic stress. The sampling procedures, descriptive statistics, and response rates 
of both cohorts are well-documented (e.g., De Winter et al., 2005; Huisman et al., 2008; 
Ormel et al., 2012).

Thesis outline

First, we investigated whether basal cortisol level collected immediately upon waking 
moderated the association between adolescents’ experience of the transition to middle 
school and change in externalizing and internalizing mental health problems across the 
period in which the transition occurred (Chapter 2). Second, we examined whether the 
effect of basal cortisol level upon waking on the association between chronic stressors 
and externalizing and internalizing mental health problems would manifest to a greater 
degree in vulnerable individuals as indexed by parental psychiatric history (Chapter 3). 
Next, we investigated whether the effect of low resting HR on the association between 
chronic stressors and externalizing problems would manifest especially in vulnerable 
individuals, again as indexed by parental psychiatric history (Chapter 4). The last study 
investigated whether the DRD4-7R moderates the association between chronic stressors 
and externalizing problems (Chapter 5). Across these studies, our main expectations 
were that low basal cortisol level upon waking, low resting HR, and presence of DRD4-7R 
would be indicative of low sensitivity to the environment; and that high basal cortisol 
level upon waking, high resting HR, and absence of DRD4-7R would be indicative of high 
sensitivity to the environment. Finally, we discuss and integrate our main findings, con-
cluding with methodological considerations and directions for future research (Chapter 
6).
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Abstract

Purpose: The period in which the transition to middle school occurs is marked by major 
changes in social context, social rules, and scholastic responsibilities. Some adolescents 
thrive during this period whereas others are overwhelmed and fail to cope adequately 
with their changing environment. We investigated basal cortisol upon waking as a predic-
tor of change in mental health problems across the transition to middle school. By taking 
into account the transition experience, we extend prior findings that high basal cortisol 
predicts deteriorated mental health after the transition. In individuals with high awak-
ening cortisol, we expected mental health problems to increase after negative transition 
experiences and to decrease after positive transition experiences, reflecting differential 
susceptibility. Evidence for the former but not the latter would suggest diathesis-stress. 
Methods: Data from 1,664 subjects were obtained from two measurement waves (mean 
ages, 11 and 13.5 years) of the TRacking Adolescents’ Individual Lives Survey. Using linear 
regression, we investigated effects of awakening cortisol level, school transition experi-
ence, and their hypothesized interaction on change in mental health problems. 
Results: We found that a negative but not a positive experience was predictive of change 
in mental health. Importantly, our results showed that a negative experience predicts 
deteriorated mental health only in adolescents with high awakening cortisol but not in 
adolescents with low awakening cortisol. This finding was robust across informants. The 
converse, high awakening cortisol predicting decreasing mental health problems after a 
positive transition was not found. 
Conclusions: These results support the diathesis-stress model but not the differential 
susceptibility hypothesis. 

Keywords: Transition to middle school; Basal awakening cortisol level; Mental health 
problems; Diathesis-stress; Differential susceptibility. 

Implications and Contribution: We aimed to further our understanding of how basal 
cortisol, perception of an ecologically valid contextual variable, and psychopathology 
are associated. High awakening cortisol may mark vulnerability for deteriorated mental 
health after negatively perceived transitions. Stimulating positive transition experiences 
may aid in protecting vulnerable individuals, as in the diathesis-stress model.
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Introduction

Cortisol, the hormonal end product of the hypothalamic–pituitary–adrenal axis (Hawes, 
Brennan, & Dadds, 2009) is of interest as a potential biological correlate of internalizing 
and externalizing problems. Basal cortisol activity, representing cortisol levels in the ab-
sence of acute stress (Alink et al., 2008) has received relatively little attention, although 
recent evidence suggests that as much as 41-57% of variance in basal cortisol is stable 
across days, and therefore accounted for by trait factors (Kertes & Van Dulmen, 2012).

Previous inconsistent and weak findings of a direct association between psychopathol-
ogy and basal morning cortisol (Adam, Sutton, Doane, & Mineka, 2008; Alink et al., 2008; 
Dietrich et al., 2013; Hartman, Hermanns, De Jong, & Ormel, 2013; Knorr, Vinberg, Kessing, 
& Wetterslev, 2010) may have resulted in part from unidentified interaction effects with 
environmental factors, given that basal cortisol has been associated with context sen-
sitivity (Ostiguy, Ellenbogen, Walker, Walker, & Hodgins, 2011; Shirtcliff & Essex, 2008).

Theoretical models of environmental influences on mental health include diathesis-
stress (Zuckerman, 1999), differential susceptibility (Belsky, Bakermans-Kranenburg, & 
Van IJzendoorn, 2007; Belsky & Pluess, 2009), and its predecessor, biological sensitivity 
to context (Boyce & Ellis, 2005; Ellis & Boyce, 2008). According to the former, stressful 
contexts have negative impact on individuals with a certain vulnerability (diathesis) but 
less on individuals without that vulnerability. 

Differential susceptibility refers to high context sensitivity not merely as disadvanta-
geous in stressful contexts but also as advantageous in supportive, low-stress contexts. 
High context sensitivity is characterized by high attentiveness and responsiveness to 
environmental cues (e.g., social, emotional). Highly sensitive individuals can suffer from 
stress overload after sustained exposure to stress-related cues but can optimally benefit 
from the care and education they receive in supportive, low-stress environments (Shirt-
cliff & Essex, 2008). In contrast, individuals with low context sensitivity are less attentive 
and responsive to their surroundings and will be less affected by stressful situations and 
positive experiences or efforts made by parents and teachers. Thus, differential suscep-
tibility refers to context sensitivity for better and for worse, whereas diathesis-stress 
only covers the latter.

Individual differences in context sensitivity may be especially salient during periods 
of change. The period in which the transition to middle school occurs, usually between 
the ages of 11 and 13 years, is marked by major changes in social context, social rules, and 
scholastic responsibilities and challenges. Some adolescents thrive during this period 
whereas others fail to cope adequately with their changing environment. Shirtcliff & 
Essex (2008) demonstrated that during the transition to middle school in particular 
children with high basal cortisol at the age of 11 years experienced a rise in problem 
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severity whereas children with low basal cortisol did not develop these problems. The 
authors concluded that high susceptibility to contextual influences, as indexed by high 
basal cortisol, may be a risk factor for mental health problems in changing social con-
texts (Shirtcliff & Essex, 2008).

Although these results support the “for worse” aspect of differential susceptibility, 
the school transition is for many children likely to be positively challenging rather than 
stressful. Unfortunately, Shirtcliff and Essex (2008) did not measure how children expe-
rienced the transition. Moreover, addressing both negative and positive environmental 
influences is key in testing for differential susceptibility because the “for better” aspect 
is what distinguishes susceptibility from vulnerability. 

Therefore, in the present study, we extended prior research by taking into account 
adolescents’ perception of the transition to middle school. Distinguishing between 
positive and negative transition experiences enabled us to test more directly whether 
basal cortisol and environmental change interact in a way consistent with differential 
susceptibility. In a large sample of (pre)adolescents, we investigated basal cortisol upon 
waking as a predictor of change in mental health problems across the transition to 
middle school, a period of marked social change. 

We expected to replicate prior findings that across the school transition high but not 
low basal cortisol predicts deteriorated mental health (Shirtcliff & Essex, 2008), but only 
in adolescents with a negative transition experience (1). Conversely, for adolescents with 
a positive experience, we expected high awakening cortisol to predict improved mental 
health and low awakening cortisol to predict stable mental health (2). Finding evidence 
for the first but not the second hypothesis would support diathesis-stress, whereas 
evidence for both would suggest differential susceptibility.

Methods

Sample

We derived the data used in this study from the longitudinal “TRacking Adolescents’ 
Individual Lives Survey (TRAILS).” TRAILS aims to contribute to the understanding of 
the etiology of mental health problems by following 10- to 12-year-old Dutch children 
biennially into adulthood. TRAILS was approved by the National Dutch Medical Ethics 
Committee.

To obtain a large sample with wide ranges of problem severity and transition ex-
periences, we pooled data from two TRAILS samples: a large population-based birth 
cohort and a smaller parallel clinic-referred cohort. We included two measurement 
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waves, with mean ages approximately 11 (T1) and 13.5 years (T2). In the Netherlands, 
the school transition generally occurs within this time interval. Exceptions are children 
who skipped or repeated a year because they were ahead or behind school curriculum, 
respectively. Sampling procedures, descriptive statistics, response rates, and the possi-
bility of selective attrition are well-documented for both cohorts (De Winter et al., 2005; 
Huisman et al., 2008; Ormel et al., 2012). In brief, TRAILS approached 135 primary schools 
in five municipalities in the Northern Netherlands to build the population cohort. Of 
these schools, 90.4% agreed to participate. TRAILS contacted eligible students and their 
parents, enrolling 76.0% (n = 2,230; mean age, 11.1 years; standard deviation [SD], .56; 
49.2% boys). Of these T1 participants, 96.4% (n = 2,149) participated in T2 (mean age, 
13.6 years; SD, .53). Data were collected from March 2001 to July 2002 (T1) and September 
2003 to December 2004 (T2).

The clinic-referred sample (n = 543) consists of preadolescents who had been referred 
to the Groningen University Child and Adolescent Psychiatric Outpatient Clinic at any 
point in their life (20.8% ≤5 years, 66.1% 6-9 years, 13.1% 10-12 years) for consultation 
or treatment. Of the 1,264 eligible preadolescents, 43.0% (n = 543; mean age, 11.1 years; 
SD, .50; 65.9% boys) participated in T1. Of the 543 baseline participants, 85.1% (n = 462) 
participated in T2 (mean age, 12.9 years; SD, .62). Data waves ran from September 2004 to 
December 2005 (T1) and September 2006 to November 2007 (T2), 2 years behind those 
of the population cohort. Measurement instruments used in both cohorts were identical. 
Parents gave written informed consent before each assessment wave. Adolescents gave 
written informed assent at T2.

Measures

Mental health problems
TRAILS used the ASEBA family of measures of mental health problems (Achenbach & 
Rescorla, 2001; Verhulst & Van der Ende, 2013). The Youth Self-Report and Child Behavior 
Checklist contain 120 items assessing behavioral and emotional problems in children 
over the past 6 months. These items can be rated as 0 = not true, 1 = somewhat or 
sometimes true, or 2 = very or often true. Because findings by Shirtcliff and Essex (2008) 
central to this study were not affected by symptom directionality, that is, internalizing 
or externalizing problems, we defined mental health problems as the sum of average 
scores on the DSM-oriented subscales anxiety, affective problems, oppositional defiant 
problems, and conduct problems. We computed T2-T1 change scores. Before analysis, 
we standardized the change score (M = 0, SD = 1) for ease of interpretation because we 
were interested in deviations from the group mean.
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Saliva collection
At T1, participants were instructed, verbally and in writing, to collect saliva at home 
on a regular school day without stressful or special events (e.g., a school test), without 
taking medication if possible, and in the absence of menstruation or feelings of illness. 
Saliva was collected on waking while still in bed, using the Salivette sampling device 
(Sarstedt, Nümbrecht, Germany). This device consists of a plastic sampling vessel with a 
suspended insert containing a sterile neutral cotton wool swab that has to be chewed for 
about 45 seconds and then returned to the insert (Rosmalen et al., 2005). The instruction 
stated that participants should rinse their mouth thoroughly with tap water and refrain 
from brushing their teeth and eating or drinking (other than water) until after the saliva 
collection was completed. Any deviations from the protocol (e.g., feelings of illness, spe-
cial or stressful circumstances, delayed sampling) were reported on an accompanying 
form. Participants mailed the samples as soon as possible and kept them in the freezer 
before that. At the institute, samples were kept frozen (-20°C) until analysis (Dietrich 
et al., 2013). Salivary cortisol (nmol/L) was measured by radioimmunoassay. A detailed 
description of the determination of cortisol levels is available elsewhere (Rosmalen 
et al., 2005), as well as reasons for nonresponse in both cohorts (Dietrich et al., 2013; 
Rosmalen et al., 2005). Awakening cortisol level as an index of basal cortisol is, compared 
to other sampling times across the day, less likely influenced by confounding factors 
such as food or caffeine consumption and physical activity level, and the steep cortisol 
increase approximately 30 minutes after waking. We added a quadratic sampling month 
correction factor as a covariate because there may be seasonal influence on cortisol 
levels (Rosmalen et al., 2005). 

School transition experience
At T2, adolescents indicated whether they had transitioned to middle school in the past 
2 years. Additionally, participants were asked to indicate to what degree the transition 
was enjoyable and unpleasant using four-point scales (1 = not at all; 4 = very much). 
The measures were significantly correlated (r = -.29, p < .001). Pleasantness scores were 
reversed, then scores on the two items were summed, resulting in a distribution ranging 
from 2 = very enjoyable, not unpleasant to 8 = not enjoyable, very unpleasant. For ease of 
interpretation, scores were recoded into -3 = very negative to +3 = very positive.

Covariates
Covariates included age, sex (0 = female, 1 = male), the quadratic correction factor for 
cortisol sampling month (Rosmalen et al., 2005), parent-assessed medication use, and 
physical maturation phase of the adolescents. Medication use was categorized into four 
dichotomous variables (0 = no; 1 = yes); corticosteroids, methylphenidate, other psycho-
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tropics (e.g., antidepressants, antipsychotics), and other somatic medication. Physical 
maturation at T1, when cortisol was sampled, was indexed by Tanner stage, ranging from 
1 = infantile to 5 = complete puberty (Tanner & Whitehouse, 1982). On a five-point scale, 
reflecting drawings of different stages, parents indicated their child’s developmental 
phase, with separate items for breast/genital development and pubic hair development.

Data analysis

Data preparation and preliminary analyses
Awakening cortisol levels were regarded as invalid in cases of noncompliance (i.e., >10 
minutes after waking), unknown sampling time, or extreme values (more than three SDs 
from the mean). In case these participants did have a valid value on the second cortisol 
sample, collected 30 minutes after waking, we imputed awakening cortisol levels on the 
basis of the first assay’s group mean plus the participant’s standardized value of the 
second assay x the first assay’s SD, in line with previous studies (Booij, Bouma, De Jonge, 
Ormel, & Oldehinkel, 2013; Bouma, Riese, Ormel, Verhulst, & Oldehinkel, 2009; Hartman 
et al., 2013).

Participants were excluded from this study if their school transition had not occurred 
in the past 2 years or if variables were missing, that is, we needed T1 awakening cortisol, 
T2 transition experience, and T1 and T2 self-reported and/or parent-reported mental 
health problems. We performed independent-samples t tests to check whether included 
and excluded subjects differed with respect to our study variables and determine which 
medications were associated with awakening cortisol and would thus have to be in-
cluded as covariates.

Main analyses
We computed Pearson’s correlation coefficients between the predictors and the change 
scores of self-reported and parent-reported mental health problems. Using PASW Statis-
tics for Windows 18.0 (SPSS Inc., Chicago IL), we conducted separate linear regressions 
for change in self-reported and parent-reported mental health problems. All nondi-
chotomous variables were centered before analysis. We used a multistep approach, with 
all covariates entered simultaneously in block 1, awakening cortisol level and transition 
experience in block 2, and cortisol x experience in block 3. We considered a p value of 
<.05 to be statistically significant.

For interpretation of interaction effects, we plotted change in mental health problems 
on the basis of the estimated regression coefficients, for different levels of each predictor. 
Post hoc, we repeated our analyses without corticosteroids users; without covariates; 
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separately for internalizing and externalizing problems; and checked for moderation by 
gender.

Results

Results of preliminary analyses

Mental health data were missing for 198 participants. Four hundred seventy-eight ado-
lescents (96.2% population cohort) did not participate in the saliva (cortisol) collection. 
Cortisol measurement failed in 155 cases (e.g., not enough saliva to analyze or laboratory 
analysis failed), whereas cortisol values were invalid in 57 cases (n = 20 sampling delay > 
10 minutes; n = 12 sampling time unknown; n = 25 extreme values). Cortisol values could 
be imputed in 111 cases (n = 84 missing; n = 3 noncompliance; n = 24 extreme values), 
resulting in a total of 2,194 valid cortisol values (79.9% population cohort) and 579 miss-
ing or invalid values (82.4% population cohort). In 431 cases, participants indicated that 
they had not transferred to middle school in the past 2 years; another 252 did not provide 
an answer. For 33 of the transferees, one or both of the experience items was missing.

Altogether, we excluded 1,109 participants (71.0% population cohort), resulting in a 
final sample size of 1,664 subjects (mean age,  11.2 years; SD, .54; range, 10.0-12.6; 51.4% 
boys; 86.7% population cohort). 

Included subjects were younger (t (2,769) = -4.412, p < .001), had higher awakening 
cortisol level (t (940.843) = 4.150, p < .001), and fewer parent-reported mental health 
problems at T1 (t (1,781.507) = -6.471, p < .001) and T2 (t (1,350.558) = -5.022, p < .001), than 
excluded subjects. The groups did not significantly differ with respect to sex (p = .15), 
pubertal stage (p = .41), transition experience (p = .93), and self-reported mental health 
problems (p = .86). 

Although awakening cortisol was not significantly related to corticosteroids (n = 19; p 
= .98) or somatic medication (n = 39; p = .45), levels were significantly lower in methyl-
phenidate users (n = 91; t (239.917) = -11.857, p < .001) and users of other psychotropics (n 
= 26; t (51.968) = -4.358, p < .001), compared to nonusers. Therefore, use of methylpheni-
date and other psychotropic medication were included as covariates.

Descriptive statistics and correlations

Table 1 shows descriptive statistics of our sample. Table 2 shows correlations between 
predictors and change in self-reported and parent-reported mental health problems.
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Table 1 Descriptive statistics of the variables used in this study

Variable N Mean(SD) Range   N Mean(SD) Range

Age T1 1,664 11.15 (.54) 10.01-12.58

T2 1,664 13.50 (.53) 11.73-15.13

Cortisol T1 1,664 11.12 (4.89)   .87-50.39

EXP T2 1,664  1.80 (1.18)   -3 to +3

EXP raw T2 43 Not enjoyable 1,177 Not unpleasant

311 Somewhat enjoyable 389 Somewhat unpleasant

641 Rather enjoyable 72 Rather unpleasant

669 Very enjoyable 26 Very unpleasant

Self-report   Parent-report

MHa T1 1,640 11.98 (7.63) 0-56 1,621 10.50 (7.80) 0-50

T2 1,662 11.57 (7.35) 0-46 1,589 8.00 (7.30) 0-41

∆ 1,638  -.02 (.86) -5.98 to +3.64 1,554 -.33 (.71) -3.41 to +2.61

∆ = Change (T2-T1); Cortisol = awakening cortisol level; EXP = school transition experience; MH = mental health 
problems. 
aSum of scores on anxiety (k = 6), affective (k = 13), oppositional defiant (k = 5), and conduct problems (k = 15 for 
self-report and 17 for parent-report). Range per item is 0 to 2.

Table 2 Correlation matrix of predictors and outcome variables

Variables ∆sMH ∆pMH EXP Cortisol Sex Month Med1 Med2 Puberty

∆sMH 1

∆pMH .16*** 1

EXP -.06* -.02 1

Cortisol .00 .04 .01 1

Sex -.14*** -.09*** -.08*** -.11*** 1

Month .04 -.04 -.05* .10*** -.03 1

Med1 .01 .00 .00 -.16*** .18*** -.12*** 1

Med2 -.03 -.04 .01 -.06 .06** -.07** .16*** 1

Puberty .07** .05 -.01 -.01 -.20*** .05* .00 .01 1

∆sMH = Change in self-reported mental health problems (T2-T1); ∆pMH = change in parent-reported mental 
health problems; EXP = school transition experience; Cortisol = awakening cortisol level; Month = quadratic 
correction factor for cortisol sampling month; Med1 = Methylphenidate; Med2 = other psychotropics; Puberty = 
Tanner stage of pubertal development. Sex was coded as 0 = female, 1 = male.
*** Correlation is significant at the .001 level (2-tailed); **p < .01; *p < .05.
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Basal cortisol and school transition experience

As shown in Table 3, awakening cortisol level and transition experience significantly 
interacted in predicting change in mental health problems. For change in self-reported 
mental health problems, both the main effects and the interaction effect added signifi-
cantly to the amount of predicted variance (R square change = .004, p = .025 in block 2 
and R square change = .003, p = .016 in block 3). With regard to change in parent-reported 
mental health problems, the predictors did not add significantly to the amount of 
predicted variance (R square change = .002, p = .29), but the interaction did (R square 
change = .003, p = .026).

We plotted these interaction effects for low (-1 SD), average, and high (+1 SD) awaken-
ing cortisol level and for levels of school transition experience ranging from +3 = very 
positive to -2 = mostly negative. We did not depict -3 = very negative because it was rare (n 
= 10). Figure 1 shows that a very positive experience of the school transition was associ-
ated with stable or somewhat decreasing levels of mental health problems across the 
school transition period. Conversely, a less positive experience was generally associated 
with an increase in mental health problems, especially in adolescents with high awaken-
ing cortisol level. However, as predicted, this typical increase in mental health problems 
in relation to a negative school transition was not observed in adolescents with low 
awakening cortisol level. Rather, levels of self-reported mental health problems in these 
adolescents with low awakening cortisol were stable across the school transition period, 
regardless of how the transition was experienced. Post hoc simple slopes calculation 

Table 3 Basal cortisol and school transition experience significantly interacted in predicting change in self-reported 
and parent-reported mental health problems

Parameter

   ∆ Self-reported problems   ∆ Parent-reported problems

Estimatea       SEa   p Estimatea         SEa  p

Intercept 140.05 35.55 <.001 92.85 36.77 .012

Sex -288.98 51.00 <.001 -179.53 52.72 <.001

Sampling month 139.40 82.79 .09 -145.57 85.02 .09

Methylphenidate 216.61 110.92 .05 101.40 112.84 .37

Other psychotropics -257.86 198.18 .19 -323.18 200.14 .11

Pubertal stage 60.52 33.65 .07 31.67 34.95 .36

Cortisol -1.13 5.07 .82 6.74 5.37 .21

Experience -57.22 20.99 .006 -23.62 21.52 .27

Cortisol x experience -10.45 4.32 .016 -10.06 4.52 .026

∆ = Change; Cortisol = awakening cortisol level. Sex was coded as 0 = female, 1 = male. All nondichotomous 
predictors were centered before analysis.
aValues multiplied by 1,000 for increased readibility.
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confirmed that mental health problems increased with less positive transition experi-
ences for individuals with average (t (1,629) = 2.725, p = .007) or high cortisol (t (1,629) = 
3.617, p < .001) but not for individuals with low cortisol (p = .84). 

Parent-reported mental health problems largely showed the same pattern, that is, 
stable levels in adolescents who reported a positive experience and increasing mental 
health problems after a less positive experience, especially in adolescents with high 
awakening cortisol level. Simple slopes calculation showed that mental health problems 
increased with less positive transition experiences for individuals with high cortisol (t 
(1,545) = 2.295, p = .022) but not for individuals with average (p = .27) or low cortisol (p = 
.39). Computation of regions of significance showed that the interaction effect between 
transition experience and awakening cortisol level was statistically significant below 
transition ratings of -.30 for self-report and below 1.34 for parent-reported mental health 
problems (corresponding to centered values of -2.10 and -.45, respectively). Conversely, 
the interaction effect was significant above transition ratings of 3.04 for self-report and 
8.22 for parent-report, both exceeding the maximum value of this variable. We conclude 
that our findings apply especially to individuals who experienced the transition as am-
bivalent or negative.

Post hoc results show that our findings for self-report and parent-report were not 
altered by the exclusion of corticosteroids users (p = .020 and p = .031, respectively), nor 
driven by the correction for covariates (p = .017 and p = .025, respectively) or by prob-
lem direction (change in internalizing problems, p = .025 and p = .013, respectively, and 

Figure 1 Change in self-reported (left panel) and parent-reported mental health problems (right panel) plotted for 
different levels of school transition experience and basal cortisol
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externalizing problems, p = .006 and p = .23 (not significant), respectively). All outcomes 
yielded similar plots compared to Figure 1 which illustrates our main outcome.

Gender was a marginally significant moderator of our main results for self-report (p = 
.06) and parent-report (p = .08). Although a post hoc analysis, Figure 2 tentatively sug-
gests that our main findings apply especially to girls.

Discussion

This study investigated awakening cortisol level as a predictor of change in mental 
health problems across the transition to middle school, taking into account adolescents’ 
transition experience. We replicated the prior finding that adolescents with high basal 
cortisol were likely to show a rise in mental health problems across the transition to 
middle school whereas adolescents with low basal cortisol did not show an increase 
(Shirtcliff & Essex, 2008). Moreover, this mainly applied to adolescents who reported a 
suboptimal (i.e., ambivalent or negative) transition experience, confirming our hypoth-
esis. Regarding adolescents with an optimal (i.e., very positive) transition experience, 
we had expected decreasing levels of mental health problems in those with high cortisol, 
and stable levels in those with low cortisol. However, changes in mental health problems 
after an optimal experience were small and did not significantly differ by awakening 
cortisol level.

Figure 2 Change in self-reported (left panel) and parent-reported mental health problems (right panel) plotted for 
different levels of school transition experience and basal cortisol and separately for girls and boys, illustrating a 
marginally significant three-way interaction effect
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Whereas high awakening cortisol was a vulnerability factor for deteriorated mental 
health in an adverse context, we did not find support for context sensitivity for better 
and for worse. As such, our results support the diathesis-stress model (Zuckerman, 
1999). Basal cortisol may, therefore, not be a marker of differential susceptibility or sen-
sitivity to context, as was proposed in the literature (Shirtcliff & Essex, 2008) but rather 
a marker of stress-sensitivity. Girls may be more sensitive to stress than boys because 
of earlier pubertal onset and different sex hormones that influence hypothalamic–pitu-
itary–adrenal function.

Our findings should be interpreted in light of some limitations. First, cortisol assays 
were collected only once. Although recent evidence shows that single-day cortisol is 
informative with respect to trait influences (Kertes & Van Dulmen, 2012), multi-day 
sampling of morning cortisol would have enabled us to more reliably assess stable trait 
influence (Hellhammer et al., 2007). Note that an underestimation of trait influence on 
awakening cortisol has likely resulted in an underestimation of effects, rather than an 
overestimation. Second, the school transition ratings were not derived from a previously 
validated measure. Third, shared method variance may have inflated associations with 
self-reported mental health problems because transition experiences were reported only 
by adolescents. However, shared method variance cannot explain interaction effects and 
results on parent-reported mental health led to the same conclusion. Finally, individuals 
excluded from analyses on the basis of missings had on average more parent-reported 
mental health problems than included individuals. Estimates may be somewhat conser-
vative compared with when we would not have had this attrition.

Strengths of the study include the large sample of adolescents followed over the school 
transition period, large interindividual differences in mental health and transition expe-
rience, and multi-informant mental health data. 

Our results, that were consistent across informants, illustrate that associations be-
tween basal cortisol and psychopathology are more complex than often assumed, and 
help to understand why some individuals are more vulnerable than others to mental 
health problems in the context of environmental changes. Qualifying previous findings 
(Shirtcliff & Essex, 2008), we found that an ambivalent or negative but not a positive 
experience of the transition to middle school was predictive of change in mental health 
problems. These results imply that the perception of the transition rather than the tran-
sition itself affects mental health and that effects may pertain to experiences that yield 
psychological stress. 

In addition, our results showed that a suboptimal transition experience predicts de-
teriorated mental health only in adolescents with high basal cortisol, not in adolescents 
with low basal cortisol. Taken together, high awakening cortisol level was a vulnerability 
factor for deteriorated mental health in adverse contexts but not a protective factor in 
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beneficial contexts. Therefore, diathesis-stress rather than differential susceptibility 
best explains our data. Stimulating positive transition experiences, for example, by em-
ploying a buddy system, may aid in protecting vulnerable individuals. 

Through replication and extension of previous findings, we have refined our under-
standing of the association between awakening basal cortisol, perceived experience of 
an ecologically valid contextual variable, and psychopathology. Our findings may extend 
to other major transitions. We recommend studies on long-term effects of other major 
life changes and how they are perceived, for example, school entry in preschoolers or 
labor market entry in young adults, in relation to mental health and awakening corti-
sol, analogous to studying mental health in relation to short-term cortisol reactivity to 
laboratory-induced stressors. Although the latter experimental design has been used 
widely, studies with real-life stressors and long-term effects have been few. 
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Abstract

Large individual differences in adolescent mental health following chronic psychosocial 
stress suggest moderating factors. We examined two established moderators, basal 
cortisol and parental psychiatric history, simultaneously. We hypothesized that individu-
als with high basal cortisol, assumed to indicate high context sensitivity, would show 
relatively high problem levels following chronic stress, especially in the presence of pa-
rental psychiatric history. With Linear Mixed Models, we investigated the hypotheses in 
1917 Dutch adolescents (53.2 % boys), assessed at ages 11, 13.5, and 16. Low basal cortisol 
combined with the absence of a parental psychiatric history increased the risk of exter-
nalizing but not internalizing problems following chronic stress. Conversely, low basal 
cortisol combined with a substantial parental psychiatric history increased the risk of 
internalizing but not externalizing problems following chronic stress. Thus, parental 
psychiatric history moderated stress- cortisol interactions in predicting psychopathol-
ogy, but in a different direction than hypothesized. We conclude that the premise that 
basal cortisol indicates context sensitivity may be too crude. Context sensitivity may not 
be a general trait but may depend on the nature of the context (e.g., type or duration 
of stress exposure) and on the outcome of interest (e.g., internalizing vs. externalizing 
problems). Although consistent across informants, our findings need replication.

Keywords: Chronic psychosocial stress; Long-term difficulties; Parental psychiatric his-
tory; Externalizing and internalizing problems; Basal cortisol upon waking; Adolescence.
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Introduction

Although chronic psychosocial stress is a well-known risk factor for both internalizing 
(mood and anxiety) and externalizing (behavioral) problems (Grant, Compas, Thurm, 
McMahon, & Gipson, 2004), interindividual differences in outcome are large. In turn, 
psychopathology may influence stress levels (Burke, Loeber, & Birmaher, 2002), provid-
ing grounds for a downward spiral. Through a longitudinal approach, identification of 
factors that over time influence the association between chronic stress and subsequent 
psychopathology may help to find those most at risk of a detrimental outcome. This 
study aimed to contribute to the current knowledge base by examining simultaneously 
two moderators of the chronic stress- psychopathology relationship: Basal cortisol and 
parental psychiatric history, hypothesizing that the moderator effect of basal cortisol 
will manifest especially in vulnerable individuals as indexed by parental psychiatric 
history. 

Cortisol, the hormonal end product of the hypothalamic–pituitary–adrenal axis 
(Hawes, Brennan, & Dadds, 2009) is increasingly of interest as a potential factor in the 
pathogenesis of externalizing and internalizing problems. Basal cortisol activity refers 
to cortisol levels in the absence of acute stress (Alink et al., 2008). Recent evidence sug-
gests that as much as 41-57% of variance in basal cortisol is accounted for by trait factors, 
that is, stable across days (Kertes & Van Dulmen, 2012), and even that basal cortisol may 
be more informative with respect to trait characteristics than stress-induced cortisol 
reactivity (Laceulle, Nederhof, Van Aken, & Ormel, 2015). Still, basal cortisol has received 
relatively little attention. Reported associations of atypical basal cortisol levels with 
psychopathology have been inconsistent and typically weak (Alink et al., 2008; Knorr, 
Vinberg, Kessing, & Wetterslev, 2010; Lopez-Duran, Kovacs, & George, 2009; Ruttle et 
al., 2011). Within our research group, earlier analyses of the relationship between basal 
cortisol and psychopathology yielded similar weak and inconsistent findings (Dietrich 
et al., 2013; Hartman, Hermanns, De Jong, & Ormel, 2013). 

We propose that environmental influences may explain some of these inconsistencies 
and mask potentially robust associations, as basal cortisol has been related to context 
sensitivity (Ostiguy, Ellenbogen, Walker, Walker, & Hodgins, 2011; Shirtcliff & Essex, 
2008). High context sensitivity as indexed by high basal cortisol may act as a risk for 
psychopathology following environmental instability (e.g., chronic stress), while low 
context sensitivity as indexed by low basal cortisol may be protective (Shirtcliff & Essex, 
2008). 

We further propose that individual differences in vulnerability may explain additional 
variance in mental health outcome following chronic stress. According to the diathesis-
stress model (Zuckerman, 1999), effects of environmental stressors may primarily 
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occur in vulnerable individuals. An important general vulnerability factor is parental 
psychiatric history, which is considered a strong predictor of increased genetic and 
environmentally-driven vulnerability for externalizing and internalizing psychopathol-
ogy in offspring (Burke et al., 2002; Kim-Cohen, Moffitt, Taylor, Pawlby, & Caspi, 2005).

We tested whether the combination of high awakening cortisol level at age 11 and the 
presence of a parental psychiatric history disproportionally increases adolescents’ risk 
of externalizing and internalizing problems following chronic stress. Adolescence is an 
important developmental period to study because of its high incidence of psychopathol-
ogy. We hypothesized that individuals with high basal cortisol, assumed in the literature 
to reflect high context sensitivity, would be especially prone to these mental health 
problems following chronic stress in the presence of a parental psychiatric history, and 
less prone in its absence. We expected low basal cortisol, assumed to reflect low context 
sensitivity, to protect against the impact of chronic stress on mental health, even in the 
presence of a parental psychiatric history.

Method and Materials

Sample

We derived the data used in this study from the longitudinal “TRacking Adolescents’ 
Individual Lives Survey.” TRAILS aims to contribute to the understanding of the etiology 
of mental health problems by following 10- to 12-year-old Dutch children biennially into 
adulthood (Huisman et al., 2008; Ormel et al., 2012).

To obtain a large sample with wide ranges of parental psychiatric history severity, 
problem severity and chronic stress, we pooled data from the TRAILS population-based 
birth cohort (n = 2230) and the parallel clinic-referred cohort (n = 543). We included 
three measurement waves: T1, T2, and T3, with mean ages about 11, 13.5, and 16 years, 
respectively. The sampling procedures, descriptive statistics, and response rates of both 
cohorts are well- documented (e.g., De Winter et al., 2005; Huisman et al., 2008; Ormel et 
al., 2012). In brief, TRAILS approached 135 primary schools in five municipalities in the 
Northern Netherlands to build the population cohort. Of these schools, 90.4 % agreed 
to participate. TRAILS contacted eligible students and their parents, enrolling 76 % (n 
= 2230) of those contacted in the study. The three data waves we included in this study 
ran from March 2001 to July 2002 (T1), September 2003 to December 2004 (T2), and 
September 2005 to August 2007 (T3), with response rates consistently above 80 %. 

The smaller, clinic-referred sample (n = 543) consisted of preadolescents who had 
been referred to the Groningen University Child and Adolescent Psychiatric Outpatient 
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Clinic at any point in their life (20.8 % ≤5 years, 66.1 % 6-9 years, 13.1 % 10-12 years) 
for consultation or treatment. The first three data waves in the clinic-referred cohort 
ran 2 years behind those of the population cohort: From September 2004 to December 
2005 (T1), September 2006 to November 2007 (T2), and September 2009 to February 2011 
(T3). The measurement instruments and design for the clinic-referred cohort were the 
same as those of the population cohort. Of the 1264 eligible preadolescents, 543 (65.9 % 
boys; mean age 11.11; standard deviation [SD] 0.50; range 10.13-12.40) enrolled in the study 
and finished baseline measurements (T1). Of these 543 baseline participants, 85.1% (n 
= 462) participated in the second wave (T2). Of the T2 participants, 83.5% (n = 386) 
also participated in the third wave (T3). Another 30 T2 dropouts agreed to participate 
in the third wave, resulting in a total T3 response rate of 76.6% (n = 416) of the origi-
nal sample. Selective attrition analyses have been described elsewhere (De Winter et 
al., 2005; Huisman et al., 2008; Nederhof et al., 2012b; Ormel et al., 2012). Importantly, 
baseline participants did not differ from nonparticipants with respect to internalizing 
or externalizing problems. However, boys, preadolescents with a lower socioeconomic 
background and those with poor school performance were less likely to participate. At 
follow-up, small but significant differences existed between participants and nonpar-
ticipants in that attrition was somewhat more likely in boys and in adolescents with a 
nonwestern ethnicity, divorced parents, low socio-economic background, low peer sta-
tus, low IQ, low academic achievement, poor physical health, or externalizing problems 
(De Winter et al., 2005; Huisman et al., 2008; Ormel et al., 2012). Nederhof et al. (2012b) 
showed that extensive recruitment effort increased representativeness of the TRAILS 
sample, although attrition was still selective.

Parents gave written informed consent prior to each assessment wave. Adolescents 
gave written informed assent at the second and third waves. TRAILS was approved by 
the National Dutch Medical Ethics Committee.

Measures

Externalizing and internalizing problems 
TRAILS used the Achenbach System of Empirically Based Assessment (ASEBA) family 
of measures of externalizing and internalizing problems (Achenbach & Rescorla, 2001; 
Verhulst & Van der Ende, 2013) at each time point. The Child Behavior Checklist is the 
parent-report questionnaire that contains 120 items assessing behavioral and emotional 
problems in children over the past 6 months. These items can be rated as 0 = not true, 1 = 
somewhat or sometimes true, or 2 = very or often true. We used DSM-IV-oriented subscales 
to define externalizing problems as the sum of the average scores of oppositional defiant 
problems, k = 5, Cronbach’s α = .80, and conduct problems, k = 17, α = .80, and internal-
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izing problems as the sum of average anxiety, k = 6, α = .71, and affective problems, k 
= 13, α = .70. We repeated this procedure for the DSM-oriented subscales of the Youth 
Self Report (Achenbach & Rescorla, 2001). Again, externalizing problems were defined 
as the summed average of oppositional defiant, k = 5, α = .65, and conduct problems, k 
= 15, α = .73, and internalizing problems as the summed average of anxiety, k = 6, α = .61, 
and affective problems, k = 13, α = .71. We chose to use average scale scores and add the 
results in order to balance the influence of subscales with different numbers of items, 
then standardized the sum scores. 

Externalizing problems correlated significantly, p < .001, with internalizing problems, 
r = .50 at T2 and r = .52 at T3 for parent-report and r = .40 at T2 and r = .33 at T3 for self-
report. Due to this overlap, our main focus was on residual externalizing and internal-
izing scores, specifically, externalizing problems adjusted for co-occurring internalizing 
problems and vice versa. In addition, we used total problems, which include the shared 
variance between internalizing and externalizing problems. Results on unadjusted ex-
ternalizing and internalizing are nonetheless described.

Chronic stress preceding T2 and T3 
We operationalized chronic stress at T2 and T3 as the number of parent-reported 
long-term difficulties since the previous measurement. One of the parents, typically the 
mother, filled out a questionnaire that listed long-term difficulties to which the ado-
lescent might have been exposed since the previous interview. The stressors included: 
(1) chronic illnesses or physical handicaps of the child (2) or a family member; (3) high 
work pressure at school; (4) housing problems; (5) neighborhood problems, such as vio-
lence or discrimination; (6) financial problems; (7) lack of friends; (8) being bullied; (9) 
long-lasting conflicts with family members (10) or others; and (11) long-lasting conflicts 
between family members. On an open item, parents could also disclose additional long-
term difficulties. We coded these additional problems either as a long-term difficulty 
or dismissed them according to well-defined rules: In particular whether the described 
situation is typically considered stressful and enduring. For example, we coded a tur-
bulent home environment, such as moving frequently from house to house or parents 
having an on/off relationship, as long-term difficulty. Situations that we rejected as long-
term difficulty included normative or non-enduring situations such as the transition to 
middle school, puberty, and quarrels with siblings. The number of reported difficulties 
ranged from 0 to 10. To reduce the influence of extreme and rare scores, we grouped 
subjects into 4 categories; 0, 1, 2, or 3 or more long-term difficulties.
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Cortisol measurement
At T1, participants received verbal and written instructions to collect saliva at home on 
a normal school day without any stressful or special events, and in the absence of men-
struation, feelings of illness, and (if possible) medication. Participants collected saliva 
upon waking while still in bed (Cort1) and 30 minutes later (Cort2), using the Sarstedt 
Salivette device (Nümbrecht, Germany). This device consists of a plastic sampling vessel 
with a suspended insert containing a sterile neutral cotton wool swab that has to be 
chewed for about 45s and then returned to the insert (Rosmalen et al., 2005). The instruc-
tions stated that participants should rinse their mouth thoroughly with tap water and 
refrain from brushing their teeth, eating, or drinking (other than water) until after the 
second sample was collected. Any deviations from the protocol were reported on an ac-
companying form. Participants mailed the samples as soon as possible and kept them in 
the freezer prior to that. At the institute, samples were kept frozen (-20°C) until analysis 
(Dietrich et al., 2013). Salivary cortisol (nmol/L) was measured by radio-immunoassay, 
with intra- and interassay coefficients of variation of 4.0% to 8.2% and 5.6% to 12.6%, 
respectively (Dietrich et al., 2013). A detailed description of the determination of cortisol 
levels is available elsewhere (Rosmalen et al., 2005), as well as information regarding the 
availability of cortisol samples and reasons for nonresponse in the population cohort 
(Rosmalen et al., 2005) and the clinic-referred cohort (Dietrich et al., 2013). The current 
study focused on awakening cortisol level as an index of basal cortisol. 

Compared to other sampling times across the day, cortisol assessment immediately 
upon waking is less likely influenced by confounding factors such as food or caffeine 
consumption and physical activity level. We excluded all samples that were not collected 
within 10 minutes after waking to avoid influence of the cortisol awakening response 
(CAR), the typically steep increase in cortisol approximately 30 minutes after waking. 
The CAR has been suggested, because of its moderate heritability compared to basal 
cortisol, to primarily reflect state rather than trait characteristics (Laceulle et al., 2015).

Parental psychiatric history
TRAILS assessed parent-reported family history at two time points using the TRAILS 
Family History Interview (Ormel et al., 2005). Prevalence rates using this instrument 
were comparable to reported rates from the large NEMESIS study, which were obtained 
using the Composite International Diagnostic Interview (Bijl, Ravelli, & Van Zessen, 
1998; Ormel et al., 2005).

At T1, trained assistants conducted the interview. The second time (at T2 for the 
clinic-referred cohort, at T3 for the population cohort) parents filled out the interview 
themselves. After reading vignettes describing DSM-IV key symptoms for depression, 
anxiety, substance dependence, and persistent antisocial behavior, one parent was asked 
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to indicate whether the behavior described in each vignette had ever applied to her/him 
and the other biological parent. We identified parents who indicated a definite episode 
(in contrast to a possible episode), reported in at least one of the two assessments, who 
in addition indicated having received treatment or medication during that episode, or, in 
case of antisocial behavior, had been in contact with the police.

Parental externalizing and internalizing problems are associated with both problem 
types in offspring (Marmorstein, Malone, & Iacono, 2004), suggesting that familial 
transmission (partly) results in a nonspecific vulnerability for psychopathology. Off-
spring’s vulnerability is further increased when a parent is affected by both types of 
psychopathology (Kim-Cohen et al., 2005), whereas offspring of two affected parents 
may be at even higher risk for psychopathology (Dierker, Merikangas, & Szatmari, 1999; 
Marmorstein et al., 2004). We therefore indexed the severity of parental psychiatric 
history, hereafter referred to as parental history (PH), for each adolescent by counting 
the number of definite diagnosis dimensions in the parents, resulting in four groups: 
0 = no psychiatric history in either parent; 1 = one parent with either externalizing or 
internalizing history; 2 = one parent with both externalizing and internalizing history or 
two parents with either externalizing or internalizing history; 3 = one parent with both 
externalizing and internalizing history and either externalizing or internalizing history in 
the other parent, or externalizing and internalizing history in both parents. We labeled the 
groups as follows: 0 = no PH; 1 = mild PH; 2 = severe PH; and 3 = very severe PH. 

Covariates
We corrected for a number of possibly confounding factors. Covariates included age, 
sex (0  = female, 1 = male), a quadratic correction factor for cortisol sampling month 
(Rosmalen et al., 2005), and preadolescents’ medication use as reported by their par-
ents. We categorized medication use into four dichotomous variables (0 = no, 1 = yes); 
corticosteroids (n = 22), methylphenidate (n = 205), other psychotropic medication (e.g. 
antidepressants, antipsychotics, n = 58), and other somatic medication (n = 74).

Data analysis

Data preparation and preliminary analyses 
In the case of noncompliance (i.e., not within 10 minutes of waking) or when information 
on sampling time was ambiguous or missing, we regarded awakening cortisol levels as 
invalid. We changed extreme values (more than three SDs from the mean) and invalid 
cases to missing. In case these participants did have a valid value on the second cortisol 
sample, collected 30 minutes after waking, we imputed awakening cortisol levels on the 
basis of the first assay’s group mean plus the participant’s standardized value of the 
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second assay times the first assay’s SD, in line with previous studies (Booij, Bouma, De 
Jonge, Ormel, & Oldehinkel, 2013; Bouma, Riese, Ormel, Verhulst, & Oldehinkel, 2009; 
Hartman et al., 2013). A posthoc check showed that results did not change if we deleted 
individuals who had imputed cortisol data.

For this study, our statistical analysis method required at least one value for each 
predictor on T1-T3 and at least T2 or T3 externalizing and internalizing problems. Thus, 
we needed complete externalizing and internalizing psychiatric history of both parents, 
reported in at least one of the two assessments, to reliably compute parental psychiatric 
history severity, and needed T1 basal cortisol, T2 and/or T3 chronic stress, and T2 and/
or T3 parent-reported and/or self-reported externalizing and internalizing problems. 
We performed independent samples t-tests to check whether included and excluded 
subjects differed with respect to our study variables and to determine which medication 
groups influenced basal cortisol and would thus have to be included as a covariate in our 
main analyses.

Main analyses 
We computed Pearson’s correlation coefficients between the predictors and T2 and T3 
parent-reported and self-reported externalizing and internalizing problems. We used 
Linear Mixed Modeling (LMM) to predict T2 and T3 problem levels from parental history 
severity, basal cortisol, chronic stress, and their interactions. LMM allows for missing 
data at different measurement waves, which is an important advantage for a longitudinal 
design (Kwok et al., 2008). Using PASW Statistics 18, we conducted LMM analyses (T2 and 
T3 in a single analysis) separately for total problems, adjusted externalizing problems 
(EXTadj), and adjusted internalizing problems (INTadj). We conducted separate analyses 
for parent-reported and self-reported data on mental health. 

We included the independent variables of age (time-variant covariate), sex, cortisol 
sampling month correction, influential medication groups, chronic stress (time-variant), 
basal cortisol, parental history severity, and all possible interactions between chronic 
stress, basal cortisol, and parental history severity. We allowed for a curvilinear (qua-
dratic) effect in basal cortisol, since basal cortisol may predict problem level especially 
through extremes in the basal cortisol distribution, rather than linearly. We used the 
Maximum Likelihood estimation procedure and considered a p-value <.05 to be statisti-
cally significant. 

For interpretation of interaction effects, we plotted the outcome variable based on 
the estimated regression coefficients, for different levels of each predictor. For every 
significant three-way interaction effect of basal cortisol, chronic stress, and parental 
history, we tested to what extent the effect applied to extremes in the parental history 
severity distribution. We did so by testing whether an interaction effect of basal cortisol 
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and chronic stress was significant for very severe PH, for no PH, or both. We computed 
estimates, standard errors, and p-values using SAS 9.3.

To investigate to what extent pre-existing mental health problems account for our 
findings, we repeated analyses with initial problem levels at T1 as an additional covari-
ate. Specifically, we conducted the analyses of total problems with T1 total problems as 
a covariate, the analyses of EXTadj with T1 EXTadj, and the analyses of INTadj with T1 
INTadj.

To check the influence of adjusting externalizing and internalizing problems for their 
co-occurrence, we performed additional analyses with unadjusted externalizing prob-
lems (EXT) and unadjusted internalizing problems (INT).

Results

Results of preliminary analyses

Four hundred seventy-eight adolescents (n = 460 population cohort, n = 18 clinic-referred 
cohort) did not participate in the saliva (cortisol) collection. Of those who did partici-
pate, cortisol measurement failed in 155 cases, whereas cortisol values were invalid in 57 
cases (n = 32 noncompliance, n = 25 extreme values). We imputed basal cortisol values of 
111 subjects, which resulted in a total of 2194 valid basal cortisol values (n = 1753 popula-
tion cohort, n = 441 clinic-referred cohort) and 579 missing or invalid values (n = 477 
population cohort, n = 102 clinic-referred cohort). Three hundred and nine participants 
had missing data for both measurements of chronic stress, 218 for parental history, and 
137 for parent-reported as well as self-reported externalizing and internalizing prob-
lems. Altogether, we excluded a total of 856 participants (30.9% of the original sample; 
78.5% population cohort) from this study, resulting in a final sample size of 1917 subjects 
(69.1% of the original sample; mean age  11.09; SD 0.54; range 10.01-12.58; 53.2% boys; 
81.3% population cohort). Compared to excluded individuals, included subjects were 
slightly younger, t (1566.18) = -2.89, p < .01, had less chronic stress between T1 and T2, t 
(715.19) = -3.48, p < .001, and fewer parent-reported externalizing problems, t (1168.36) = 
-3.61, p < .001, and internalizing problems, t (1174.45) = -2.43, p < .05. The groups did not 
differ with respect to sex, PH severity, basal cortisol, and self-reported externalizing and 
internalizing problems.

Comparison of basal cortisol levels of 1 = users and 0 = non-users of the four medication 
groups showed significantly lower basal cortisol levels in users of methylphenidate, t 
(239.92) = 11.86, p < .001, and users of other psychotropics, such as antipsychotics or 
antidepressants, t (51.97) = 4.36, p < .001. Basal cortisol levels were not significantly as-
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sociated with corticosteroids, p = .98, or other somatic medication, p = .45. Based on 
these results we included use of methylphenidate and other psychotropics (in the final 
sample: n = 149 and n = 37, respectively) as covariates.

Descriptive statistics and correlations

Table 1 shows descriptive statistics of the final sample and Table 2 correlations between 
predictors and adjusted parent-reported and self-reported externalizing and internal-
izing problems. Chronic stress correlated significantly, p < .001, with total problems 
reported by parents at T2 and T3, r = .50 and r = .48, respectively, and adolescents, r = .23 
and r = .25, respectively. 

Table 1 Descriptive statistics of the variables used in this study

Variable N Mean (SD) Range N Mean (SD) Range

Age T1 1916 11.09 (0.54) 10.01-12.58

T2 1896 13.41 (0.59) 11.58-15.03

T3 1672 16.17 (0.68) 14.42-18.48

Stressa T2 1867 1.16 (1.44)  0-10

T3 1541 1.27 (1.53)  0-10

Cortisol T1 1917 10.87 (4.73)  0.71-34.99

PH severity 0 1061

1 632

2 185

3 39

Parent-report Self-report

EXTb T1 1873 5.83 (4.86)  0-33 1889 5.90 (4.30) 0-28

T2 1866 4.41 (4.60)  0-31 1849 5.75 (4.14) 0-29

T3 1532 4.25 (4.77)  0-28 1556 5.96 (4.41) 0-24

INTc T1 1873 5.13 (4.47)  0-27 1889 6.09 (4.54) 0-28

T2 1866 3.92 (4.16)  0-24 1849 5.76 (4.65) 0-33

T3 1532 3.66 (4.09)  0-29 1556 5.80 (4.79) 0-35

TOTd T1 1873 10.96 (8.02)  0-50 1889 11.99 (7.57) 0-56

T2 1866 8.33 (7.63)  0-46 1849 11.51 (7.33) 0-47

T3 1532 7.91 (7.78)  0-49 1556 11.76 (7.47) 0-45

Cortisol = Awakening cortisol level; PH = Parental history; EXT = Externalizing problems; INT = Internalizing 
problems; TOT = Total problems.
aNumber of long-term difficulties experienced since previous measurement. 
bSum of scores on 22 items for parent-report and 20 items for self-report. 
cSum of scores on 19 items for both parent-report and self-report.
dSum of externalizing and internalizing problems. 
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Parental history severity, basal cortisol and chronic stress

Parent-reported and self-reported total problems were not significantly predicted by a 
three-way interaction of parental history severity, squared or linear basal cortisol, and 
chronic stress, p-values ranged from .21 to .97. Interaction effects remained statistically 
nonsignificant after correcting for initial total problems at T1, p-values ranged from .12 
to .71.

We did however find significant interaction effects in predicting EXTadj as well as 
INTadj problems. Both parent-reported and self-reported EXTadj problems were sig-
nificantly predicted by a three-way interaction of PH severity, squared basal cortisol, 
and chronic stress, p = .018 and .019, respectively (Table 3). We plotted EXTadj levels for 
low, average, high, and very high levels of the truncated chronic stress variable (cor-
responding to 0, 1, 2, and 3 or more long-term difficulties at T2, respectively) and low, 
average, and high basal cortisol (-SD, M, and +1SD, corresponding to 6.15, 10.87, and 15.60 
nmol/L), separately for the two extremes of the PH severity distribution; very severe PH 
versus no PH. Figure 1 shows comparable patterns for parent-reported EXTadj (upper 
panel) and self-reported EXTadj (lower panel). In adolescents with very severe PH (a) 
low basal cortisol attenuated the association between chronic stress and EXTadj levels, 
whereas high basal cortisol somewhat enhanced the association between chronic stress 
and parent-reported but not self-reported EXTadj levels.

Table 2 Correlation matrix of predictors and outcome variables, with parent-reported below and self-reported 
problems above diagonal

Self-report

Variables
T2
Stress

T3
Stress Cortisol PH

T2
EXTadj

T3
EXTadj

T2
INTadj

T3
INTadj

T2Stress 1 .56*** -.09*** .17*** .07** .05* .18*** .18***

T3Stress .56*** 1 -.09*** .24*** .06* .08** .20*** .20***

Cortisol -.09*** -.09*** 1 -.03 -.04 -.06* .01 .04

PH .17*** .24*** -.03 1 .04 .02 .07** .06*

Parent-report

T2EXTadj .16*** .13*** -.05* .11*** .40*** .45*** -.40*** -.14***

T3EXTadj .11*** .11*** -.05 .05 .62*** .44*** -.12*** -.33***

T2INTadj .36*** .27*** -.04 .12*** -.50*** -.27*** .36*** .49***

T3INTadj .26*** .38*** -.02 .17*** -.25*** -.51*** .56*** .44***

Cortisol = Awakening cortisol level; PH = Parental history severity; EXTadj = Externalizing problems adjusted for 
internalizing problems; INTadj = Internalizing problems adjusted for externalizing problems.
***p < .001, ** p < .01, * p < .05
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It appeared as if low basal cortisol adolescents with very severe PH had lower levels 
of EXTadj under high chronic stress than under low chronic stress. However, posthoc 
estimate and standard error calculation for the slope of EXTadj across chronic stress 
levels showed that it did not significantly differ from zero, for parent-report and self-
report, p = .48 and p = .14, respectively, and should thus be interpreted as stable across 
chronic stress levels. 

Given no PH, low basal cortisol did not attenuate but rather enhanced the association 
between chronic stress and parent-reported and self-reported EXTadj levels, p-values of 
the stress slope <.001. Chronic stress had no impact on EXTadj levels in no PH-adolescents 
with average or high basal cortisol.

INTadj problems were predicted by a three-way interaction of PH severity, squared 
basal cortisol, and chronic stress, which was marginally significant for parent-report, p 
= .06, and significant for self-report, p = .006, as shown in Table 4. Figure 2 shows that the 
pattern in which parent-reported (upper panel) and self-reported (lower panel) INTadj 

Table 3 Parental history severity, squared basal cortisol, and chronic stress significantly predicted parent-reported 
and self-reported externalizing problems

Parameter

   Parent-reported EXTadj  Self-reported EXTadj

   Estimatea      SEa   p  Estimatea      SEa     p

Interceptb -303.19 196.27 .12 -433.36 212.35 .041

Age 8.99 7.74 .25 -4.97 9.32 .59

Sexc 153.43 41.53 <.001 282.34 40.67 <.001

Sampling month -111.82 68.49 .10 -41.99 66.95 .53

Methylphenidate 421.09 80.95 <.001 288.45 79.27 <.001

Other psychotropics 444.39 153.05 .004 -117.58 148.44 .43

Stress 358.85 95.22 <.001 334.87 103.71 .001

Cortisol -16.86 26.46 .52 37.15 27.04 .17

Cortisol² 0.87 1.01 .39 -1.18 1.03 .25

PH 112.30 183.94 .54 404.51 188.09 .032

Cortisol*Stress -45.73 16.39 .005 -40.40 17.83 .024

Cortisol²*Stress 1.45 0.64 .024 1.28 0.70 .07

PH*Cortisol 4.53 29.59 .88 -52.43 30.23 .08

PH*Cortisol² -0.37 1.09 .73 1.70 1.11 .12

PH*Stress -302.38 95.33 .002 -294.11 103.15 .004

PH*Cortisol*Stress 45.11 15.95 .005 43.96 17.27 .011

PH*Cortisol²*Stress -1.43 0.60 .018 -1.54 0.65 .019

Cortisol = Awakening cortisol level; Cortisol² = Squared awakening cortisol level; PH = Parental history severity; 
EXTadj = Externalizing problems adjusted for internalizing problems. 
aValues multiplied by 1000 for increased readability.
bParticipants varied significantly, p < .01, in intercept for parent-reported EXTadj, var(u0j) = 560.84a, chi-square(1) 
= 633.76, and self-reported EXTadj, var(u0j) = 413.74a, chi-square(1) = 281.79.
cSex was coded as 0 = female, 1 = male.
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levels were predicted is opposite to that found for parent-reported and self-reported 
EXTadj levels. That is, the association between chronic stress and subsequent INTadj 
levels was enhanced in individuals with low basal cortisol and very severe PH (a) and 
attenuated in individuals with low basal cortisol and no PH (b). Average and high basal 
cortisol did not differ substantially with respect to stress impact on INTadj level. 

Posthoc, we tested to what extent the aforementioned three-way interaction effects of 
squared basal cortisol, chronic stress, and PH applied to the extremes of the PH severity 
distribution (two-way interaction effect estimates and standard errors are available 
upon request). Given a very severe PH, a two-way interaction effect of squared basal 
cortisol and chronic stress was statistically significant in predicting parent-reported 
EXTadj, p = .044, and self-reported EXTadj, p = .030. Given no PH, the two-way interaction 
effect was significant in predicting parent-reported EXTadj, p = .024, but was weaker 
in predicting self-reported EXTadj, p = .07. An interaction effect of chronic stress with 
linear rather than squared basal cortisol was significant given very severe PH, p = .018 
and p = .026 for parent-report and self-report, respectively, and given no PH, p = .005 and 
p = .023 for parent-report and self-report, respectively. Thus, the three-way interaction 

Figure 1 Parent-reported (upper panel) and self-reported (lower panel) externalizing problem levels plotted for 
different levels of chronic stress and basal cortisol, and separately depicted for very severe PH (a) and no PH (b)
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PH = Parental psychiatric history severity; EXTadj = Externalizing problems adjusted for internalizing problems. 
Levels of chronic stress refer to the number of long-term difficulties at T2. Low, average and high cortisol (-1SD, 
M, and +1SD) correspond to 6.15, 10.87, and 15.60 nmol/L, respectively. 
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effect that was significant in predicting parent-reported and self-reported EXTadj ap-
plied to both extremes of the PH severity distribution.

Given a very severe PH, a two-way interaction effect of squared basal cortisol and chronic 
stress was not significant in predicting parent-reported INTadj, p = .18, but significantly 
predicted self-reported INTadj, p = .011. Given no PH, the two-way interaction effect was 
significant in predicting parent-reported as well as self-reported INTadj, p = .020 and p = 
.034, respectively. An interaction effect of chronic stress with linear rather than squared 
basal cortisol approached marginal significance in predicting parent-reported INTadj 
given a very severe PH, p = .10, and was significant in predicting self-reported INTadj 
given a very severe PH, p = .013, as well as parent-reported and self-reported INTadj 
given no PH, p = .010 and p = .007, respectively. Thus, the three-way interaction effect that 
was marginally significant in predicting parent-reported INTadj applied more to no PH 
than to very severe PH, whereas the significant three-way interaction effect in predicting 
self-reported INTadj applied to both extremes of the PH severity distribution. Note that 

Table 4 Parental history severity, squared basal cortisol and chronic stress significantly predicted parent-reported 
and self-reported internalizing problems

Parameter

Parent-reported INTadj    Self-reported INTadj

Estimatea            SEa       p Estimatea            SEa            p

Interceptb 21.29 193.69 .91 611.93 202.88 .003

Age -15.98 8.11 .05 -22.25 8.95 .013

Sexc -141.78 38.87 <.001 -542.28 38.64 <.001

Sampling month -0.77 64.09 .99 34.66 63.61 .59

Methylphenidate 154.45 75.84 .042 -13.59 75.33 .86

Other psychotropics 658.83 143.53 <.001 202.30 141.07 .15

Stress -17.20 94.28 .86 -181.67 99.00 .07

Cortisol -8.94 25.32 .72 -22.74 25.74 .38

Cortisol² 0.45 0.97 .64 0.58 0.98 .55

PH 148.86 176.93 .40 -136.61 179.15 .45

Cortisol*Stress 41.84 16.23 .010 46.12 17.02 .007

Cortisol²*Stress -1.48 0.64 .020 -1.41 0.67 .034

PH*Cortisol -6.70 28.45 .81 26.28 28.80 .36

PH*Cortisol² 0.01 1.04 .99 -0.92 1.05 .38

PH*Stress 225.63 94.27 .017 285.21 98.45 .004

PH*Cortisol*Stress -34.34 15.80 .030 -47.79 16.49 .004

PH*Cortisol²*Stress 1.12 0.60 .06 1.72 0.62 .006

Cortisol = Awakening cortisol level; Cortisol² = Squared awakening cortisol level; PH = Parental history severity; 
INTadj =Internalizing problems adjusted for externalizing problems.
aValues multiplied by 1000 for increased readability.
bParticipants varied significantly, p < .01, in intercept for parent-reported INTadj, var(u0j)=436.52a, chi-
square(1)=418.68, and self-reported INTadj, var(u0j)=366.65a, chi-square(1)=268.38.
cSex was coded as 0 = female, 1 = male.
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a very severe PH is much less common and has therefore less power, which may in part 
explain lower p-values compared to no PH. 

We performed additional analyses of externalizing and internalizing problems 
adjusted for their co-occurrence, while correcting for initial problem levels at T1 (for 
tables and figures see Appendix 1). Results were in the same direction but weaker, which 
is consistent with the expectation that stress and FH severity already partly exerted 
their effects before T1. We also performed additional analyses of externalizing and 
internalizing problems unadjusted for their co-occurrence (for tables and figures see 
Appendix 2). Results were in the same direction, but less outspoken, consistent with 
diverging effects for externalizing and internalizing problems that get evened out with 
the inclusion of the variance shared by both. On both extremes of the PH distribution 
and across informants, adolescents with high basal cortisol did not differ substantially 
from those with average basal cortisol with respect to EXTadj and INTadj levels adjusted 
for baseline problem level, nor with respect to externalizing and internalizing problems 
unadjusted for their co-occurrence. Therefore, though our data consistently show an 
effect of low basal cortisol on the stress- psychopathology relationship, they do not show 
an effect of high basal cortisol.

Figure 2 Parent-reported (upper panel) and self-reported (lower panel) internalizing problem levels plotted for 
different levels of chronic stress and basal cortisol, and separately depicted for very severe PH (a) and no PH (b)
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PH = Parental history severity; INTadj = Internalizing problems adjusted for externalizing problems. Levels of 
chronic stress refer to the number of long-term difficulties at T2. Low, average and high cortisol (-1SD, M, and 
+1SD) correspond to 6.15, 10.87, and 15.60 nmol/L, respectively.
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Discussion 

This study examined whether the combination of high basal cortisol and the presence of 
a parental psychiatric history disproportionally increases the risk of externalizing and 
internalizing problems following chronic stress from preadolescence into adolescence. 
In general, higher chronic stress exposure was associated with more externalizing and 
internalizing problems, consistent with the literature. In addition, we found a complex 
interaction of basal cortisol and parental psychiatric history with chronic stress in pre-
dicting subsequent risk of externalizing and internalizing problems adjusted for their 
overlap. We did not find a three-way interaction effect for total problems, possibly due to 
opposing interaction effects for externalizing versus internalizing problems.

In adolescents, low basal cortisol combined with the absence of a parental psychiatric 
history increased risk of externalizing but not internalizing problems following chronic 
stress. Conversely, low basal cortisol combined with a substantial parental psychiatric 
history increased risk of internalizing but not externalizing problems following chronic 
stress. Thus, parental psychiatric history moderated stress- cortisol interactions in 
predicting psychopathology, but in a different direction than hypothesized. Namely, 
(1) findings were opposite for externalizing and internalizing problems, and (2) effects 
pertained to low basal cortisol and not high basal cortisol.

Regarding the first, what conferred risk of externalizing problems following chronic 
stress protected against internalizing problems following chronic stress and vice versa. 
These opposite findings for externalizing and internalizing problems suggest that context 
sensitivity may not refer to a general trait. Rather, what confers context sensitivity may 
not only be dependent on the type of context (Nederhof, Belsky, Ormel, & Oldehinkel, 
2012a; Obradović, Bush, & Boyce, 2011) but also on the outcome of interest.

Regarding the second, we had hypothesized that individuals with high basal cortisol, 
an assumed indicator of high context sensitivity, would be especially prone to mental 
health problems following chronic stress in the presence of a severe parental psychiatric 
history, and less prone in the absence of parental psychiatric history. We did not find 
this. Rather, in all instances of high chronic stress, it was low basal cortisol that stood out 
from average or high basal cortisol with respect to psychopathology levels. Thus, our re-
sults suggest that an effect of basal cortisol on the stress- psychopathology relationship 
lies within the low cortisol range. This is not in line with the assumption that high basal 
cortisol constitutes high context sensitivity, on which we had based our hypotheses. 

It should be noted in this context that we recently demonstrated, in line with the 
literature (Shirtcliff & Essex, 2008), that high basal cortisol predicted a rise in mental 
health problems following the transition to middle school in adolescents who perceived 
the transition as negative (Zandstra, Ormel, Nederhof, Hoekstra, & Hartman, 2015). A 
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plausible explanation for not finding an effect of high basal cortisol in the present study 
may be the focus on exposure to chronic stressors rather than a recent one-time stressor 
such as the transition to middle school. Research has shown that the experience of 
stress may initially cause increased activity of the stress system, but decreased activity 
over time (e.g., Ruttle et al., 2011). This is referred to as down-regulation, a protective 
measure of the body against the negative health effects of excessive cortisol production. 
Decreased physiological stress sensitivity does not imply decreased psychological stress 
sensitivity (Fries, Hesse, Hellhammer, & Hellhammer, 2005; Gruenewald, Kemeny, & Aziz, 
2006). Therefore, in individuals with low levels of mental health problems in the context 
of chronic stress, low basal cortisol may represent low context sensitivity, while in 
other, more context-sensitive individuals, basal cortisol may have been downregulated 
following long-lasting stress exposure and may have been high in the past, in the early 
phase of stress exposure. Thus, individual differences in exposure to chronic stress may 
complicate the interpretation of basal cortisol as indicative of either high or low context 
sensitivity.

An alternative explanation may be that the association of high context sensitivity with 
high cortisol described in the literature relates more to cortisol reactivity and less to 
basal cortisol. In contrast, our findings may be true but appear unusual because of a 
publication bias in the basal cortisol literature. Future research should provide insight 
into the mechanisms at play.

The findings of this study should be interpreted in light of some limitations. First, 
we collected cortisol assays only once, inducing the possibility of a novelty effect and 
other state influences. Stable trait influences on cortisol will be more reliably assessed if 
morning cortisol is sampled for a number of consecutive days (Hellhammer et al., 2007). 
However, recent evidence suggests that single-day cortisol assessment is informative 
with respect to trait influences (Kertes & Van Dulmen, 2012). Unfortunately, we lack the 
data to investigate whether individuals with high chronic stress levels and low basal cor-
tisol may have had high basal cortisol in the past. Therefore, we cannot test our posthoc 
hypothesis of cortisol down-regulation following prolonged chronic stress exposure. 
Future research, conducting multiple cortisol assessments over time, may establish how 
individual cortisol levels are affected by recent-onset versus life-long chronic stress. 

A second limitation is the use of solely parent-reported data on chronic stress. The 
relatively high correlation between parent-reported chronic stress and parent-reported 
adolescent mental health problems is partially due to shared method variance. Although 
we analyzed both parent-reported and self-reported behavioral and emotional problems, 
self-reported data on chronic stress were not available. In adolescents with average or 
high cortisol, the association between parent-reported chronic stress and self-reported 
externalizing problems was rather weak and nearly absent after correcting for initial 
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externalizing problems at T1. This pattern could reflect the tendency of adolescents 
to underreport their own externalizing behavior (Salbach-Andrae, Lenz, & Lehmkuhl, 
2009), for example, through denial or lack of insight. Alternatively, it may imply that 
stressors reported by parents were not that stressful for their offspring. Still, parents 
may be more reliable than their early adolescent offspring in assessing whether long-
term situations are difficult or not (e.g., financial or housing problems). 

Third, the parental psychiatric history data do not reflect clinical diagnoses. Employing 
the gold standard, conducting comprehensive diagnostic interviews with both parents, 
was not possible due to financial and practical constraints, such as limited time and 
risk of increased dropout due to overdemanding research participants. We focused on 
lifetime disorders that had ever involved a professional, such as a psychiatrist, a general 
practitioner, or law enforcement. Although this method enabled a reliable identification 
of individuals with a severe parental history of psychopathology, it may have led to 
underestimations in individuals with mild parental psychiatric problems. Furthermore, 
relying on one parent to describe the other parent’s psychiatric history may also have 
resulted in underestimations of participants’ parental history. Thus, potential bias in our 
parental history data may have led to underestimation of effects, rather than overesti-
mation. 

Finally, individuals excluded from analyses based on missings had on average more 
parent-reported externalizing and internalizing problems and chronic stress than in-
cluded individuals. Due to this attrition, estimates may be somewhat conservative.

Strengths of the study include the large sample of longitudinal, multi-informant data 
from preadolescence well into adolescence, large interindividual differences in external-
izing and internalizing problem levels and chronic stress exposure, the use of Linear 
Mixed Modeling that allowed for optimal use of all available data from multiple measure-
ments, and sensitivity analyses on prior problem severity. 

In sum, we showed a complex interaction of basal cortisol and parental psychiatric 
history with chronic stress in predicting subsequent risk of externalizing and internal-
izing psychopathology that differed between these two major forms of psychopathology. 
Our findings may explain in part why reported associations between basal cortisol and 
psychopathology have been inconsistent and weak, including reports of TRAILS basal 
cortisol data (Alink et al., 2008; Dietrich et al., 2013; Hartman et al., 2013; Knorr et al., 
2010; Lopez-Duran et al., 2009; Ruttle et al., 2011). When an effect of basal cortisol on 
psychopathology is conditional on other factors, in this case chronic stress levels and 
parental psychiatric history severity, it may be difficult to find a direct association (Mof-
fitt, Caspi, & Rutter, 2006). Our findings further suggest that the premise that basal cor-
tisol reflects context sensitivity may be too crude. Individual differences in exposure to 
chronic stress may complicate the interpretation of basal cortisol as indicative of either 
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high or low context sensitivity, since in some individuals low basal cortisol may be the 
result of downregulation following long-lasting stress exposure. In addition, our results 
suggest that what confers context sensitivity may depend on the outcome of interest, as 
illustrated by opposite findings for externalizing and internalizing problems. Although 
consistent across informants, our findings need replication.
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Appendix 1 

Tables and figures of EXTadj and INTadj corrected for initial problem 
level at T1.

Table A1.1 Correcting for externalizing problems at baseline, a three-way interaction effect of parental history 
severity, squared basal cortisol and chronic stress significantly predicted parent-reported but not self-reported 
externalizing problems 

 Parent-reported EXTadj  Self-reported EXTadj

Parameter Estimatea SEa p Estimatea SEa p

Interceptb -157.83 173.05 .36 -166.01 205.09 .42

Age 10.17 7.63 .18 -7.37 9.26 .43

Sexc -26.09 33.59 .44 127.86 38.75 <.001

Sampling month -128.79 54.39 .018 -51.50 62.41 .41

Methylphenidate 150.32 64.57 .020 257.90 73.16 <.001

Other psychotropics -32.77 122.09 .79 -226.34 137.11 .10

T1 EXTadj 582.91 17.08 <.001 345.53 19.09 <.001

Stress 293.85 83.80 <.001 238.91 99.08 .016

Cortisol -5.16 21.93 .81 17.00 25.50 .50

Cortisol² 0.24 0.84 .78 -0.58 0.97 .55

PH -29.85 153.78 .85 221.05 177.38 .21

Cortisol*Stress -42.33 14.44 .003 -25.47 17.04 .14

Cortisol²*Stress 1.46 0.56 .010 0.80 0.67 .23

PH*Cortisol 9.45 24.70 .70 -25.22 28.48 .38

PH*Cortisol² -0.39 0.91 .67 0.84 1.04 .42

PH*Stress -219.19 83.55 .009 -200.26 98.42 .042

PH*Cortisol*Stress 36.07 14.02 .010 28.08 16.49 .09

PH*Cortisol²*Stress -1.23 0.53 .021 -0.99 0.62 .11

Cortisol = Awakening cortisol level; Cortisol² = Squared awakening cortisol level; PH = Parental history severity; 
EXTadj = Externalizing problems adjusted for internalizing problems. 
aValues multiplied by 1000 for increased readability.
bParticipants varied significantly (p < .01) in intercept for parent-reported EXTadj, var(u0j) = 266.64a, chi-square(1) 
= 272.61, and self-reported EXTadj, var(u0j) = 304.85a, chi-square(1) = 188.32.
cSex was coded as 0  = female, 1 = male.
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Table A1.2 Correcting for internalizing problems at baseline, a three-way interaction effect of parental history 
severity, squared basal cortisol and chronic stress significantly predicted self-reported but not parent-reported 
internalizing problems  

Parameter

 Parent-reported INTadj  Self-reported INTadj

Estimatea SEa p Estimatea SEa p

Interceptb -68.50 176.20 .70 473.84 194.71 .015

Age -7.25 8.00 .37 -20.83 8.89 .020

Sexc -76.57 32.80 .020 -416.60 36.13 <.001

Sampling month 41.77 53.69 .44 79.13 58.82 .18

Methylphenidate 62.02 63.37 .33 -37.10 68.89 .59

Other psychotropics 362.82 120.34 .003 234.01 129.04 .07

T1 INTadj 495.45 16.84 <.001 342.11 17.74 <.001

Stress -17.79 84.71 .83 -126.69 93.92 .18

Cortisol -4.71 21.88 .83 -11.72 24.08 .63

Cortisol² 0.39 0.84 .64 0.30 0.92 .74

PH 42.10 153.68 .78 -81.64 167.48 .63

Cortisol*Stress 31.48 14.61 .031 32.83 16.16 .042

Cortisol²*Stress -1.12 0.57 .050 -0.96 0.63 .13

PH*Cortisol 2.03 24.69 .93 14.76 26.90 .58

PH*Cortisol² -0.23 0.91 .80 -0.56 0.98 .57

PH*Stress 133.15 84.50 .12 226.55 93.32 .015

PH*Cortisol*Stress -21.64 14.19 .13 -36.32 15.65 .020

PH*Cortisol²*Stress 0.78 0.54 .15 1.28 0.59 .031

Cortisol = Awakening cortisol level; Cortisol² = Squared awakening cortisol level; PH = Parental history severity; 
INTadj = Internalizing problems adjusted for externalizing problems.
aValues multiplied by 1000 for increased readability.
bParticipants varied significantly (p < .01) in intercept for parent-reported INTadj, var(u0j) = 229.12a, chi-square(1) 
= 187.60, and self-reported INTadj, var(u0j) = 257.98a, chi-square(1) = 168.03.
cSex was coded as 0  = female, 1 = male.
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Figure A1.1 Parent-reported (upper panel, p = .021) and self-reported (lower panel, p = .11) externalizing problem 
levels corrected for initial problem levels at T1, plotted for different levels of chronic stress and basal cortisol, and 
separately depicted for very severe PH (a) and no PH (b)
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PH = Parental history severity; EXTadj = Externalizing problems adjusted for internalizing problems. Levels of 
chronic stress refer to the number of long-term difficulties at T2. Low, average and high cortisol (-1SD, M, and 
+1SD) correspond to 6.15, 10.87, and 15.60 nmol/L, respectively. 
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Figure A1.2 Parent-reported (upper panel, p = .15) and self-reported (lower panel, p = .031) internalizing problem 
levels corrected for initial problem levels at T1, plotted for different levels of chronic stress and basal cortisol, and 
separately depicted for very severe PH (a) and no PH (b)
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PH = Parental history severity; INTadj = Internalizing problems adjusted for externalizing problems. Levels of 
chronic stress refer to the number of long-term difficulties at T2. Low, average and high cortisol (-1SD, M, and 
+1SD) correspond to 6.15, 10.87, and 15.60 nmol/L, respectively.
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Appendix 2

Tables and figures of externalizing and internalizing problems 
unadjusted for their co-occurrence.

Table A2.1 Without adjusting externalizing problems for co-occurring internalizing problems, a three-way 
interaction effect of parental history severity, squared basal cortisol and chronic stress was marginally significant 
in predicting parent-reported externalizing problems and not significant in predicting self-reported externalizing 
problems 

Parameter

 Parent-reported EXT  Self-reported EXT

Estimatea SEa p Estimatea SEa p

Interceptb -337.58 181.39 .06 -217.94 210.41 .30

Age 2.10 7.01 .76 -14.24 9.02 .11

Sexc 92.85 39.00 .017 89.81 41.26 .030

Sampling month -130.44 64.33 .043 -34.36 67.94 .61

Methylphenidate 583.06 76.00 <.001 309.65 80.42 <.001

Other psychotropics -54.30 143.66 <.001 -54.30 150.53 .72

Stress 285.67 87.72 <.001 285.67 103.03 .006

Cortisol -26.34 24.67 .29 30.79 27.18 .26

Cortisol² 1.34 0.94 .16 -1.04 1.04 .31

PH 228.57 171.20 .18 384.36 188.83 .042

Cortisol*Stress -25.40 15.10 .07 -25.40 17.71 .15

Cortisol²*Stress 0.75 0.59 .20 0.84 0.69 .23

PH*Cortisol 0.30 27.55 .99 -46.09 30.36 .13

PH*Cortisol² -0.41 1.01 .69 1.47 1.11 .18

PH*Stress -222.73 87.86 .011 -205.41 102.52 .045

PH*Cortisol*Stress 32.52 14.69 .027 28.51 17.16 .10

PH*Cortisol²*Stress -1.00 0.56 .07 -0.98 0.65 .13

Cortisol = Awakening cortisol level; Cortisol² = Squared awakening cortisol level; PH = Parental history severity; 
EXT = Externalizing problems unadjusted for co-occurring internalizing problems. 
aValues multiplied by 1000 for increased readability.
bParticipants varied significantly (p < .01) in intercept for parent-reported EXT, var(u0j) = 509.64a, chi-square(1) = 
677.15, and self-reported EXT, var(u0j) = 458.87a, chi-square(1) = 342.89.
cSex was coded as 0 = female, 1 = male.
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Table A2.2 Without adjusting internalizing problems for co-occurring externalizing problems, a three-way 
interaction effect of parental history severity, squared basal cortisol and chronic stress was not significant in 
predicting parent-reported internalizing problems but significantly predicted self-reported internalizing problems

Parameter

 Parent-reported INT  Self-reported INT

Estimatea SEa p Estimatea SEa p

Interceptb -159.96 178.82 .37 494.54 200.96 .014

Age -13.28 7.45 .07 -25.74 8.65 .003

Sexc -75.17 36.03 .037 -472.04 39.26 <.001

Sampling month -68.22 59.41 .25 25.43 64.64 .69

Methylphenidate 423.49 70.31 <.001 101.20 76.52 .19

Other psychotropics 1021.12 133.05 <.001 170.52 143.24 .23

Stress 198.40 87.05 .023 -73.06 98.37 .46

Cortisol -19.93 23.43 .40 -10.50 25.90 .69

Cortisol² 1.03 0.90 .25 0.17 0.99 .86

PH 239.98 163.70 .14 13.02 179.99 .94

Cortisol*Stress 21.32 14.99 .16 34.14 16.91 .044

Cortisol²*Stress -0.87 0.59 .14 -1.02 0.66 .12

PH*Cortisol -4.41 26.32 .87 8.27 28.93 .78

PH*Cortisol² -0.27 0.97 .78 -0.35 1.06 .74

PH*Stress 81.88 87.05 .35 191.31 97.88 .05

PH*Cortisol*Stress -13.93 14.59 .34 -34.35 16.38 .036

PH*Cortisol²*Stress 0.51 0.55 .36 1.26 0.62 .043

Cortisol = Awakening cortisol level; Cortisol² = Squared awakening cortisol level; PH = Parental history severity; 
INT = Internalizing problems unadjusted for co-occurring externalizing problems.
aValues multiplied by 1000 for increased readability.
bParticipants varied significantly (p < .01) in intercept for parent-reported INT, var(u0j) = 379.31a, chi-square(1) = 
412.88, and self-reported INT, var(u0j) = 410.93a, chi-square(1) = 332.27.
cSex was coded as 0 = female, 1 = male.
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Figure A2.1 Parent-reported (upper panel, p = .07) and self-reported (lower panel, p = .13) externalizing problem 
levels unadjusted for co-occurring internalizing problems, plotted for different levels of chronic stress and basal 
cortisol, and separately depicted for very severe PH (a) and no PH (b)
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PH = Parental history severity; EXT = Externalizing problems unadjusted for co-occurring internalizing problems. 
Levels of chronic stress refer to the number of long-term difficulties at T2. Low, average and high cortisol (-1SD, 
M, and +1SD) correspond to 6.15, 10.87, and 15.60 nmol/L, respectively.
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Figure A2.2 Parent-reported (upper panel, p = .36) and self-reported (lower panel, p = .043) internalizing problem 
levels unadjusted for co-occurring externalizing problems, plotted for different levels of chronic stress and basal 
cortisol, and separately depicted for very severe PH (a) and no PH (b)
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PH = Parental history severity; INT = Internalizing problems unadjusted for co-occurring externalizing problems. 
Levels of chronic stress refer to the number of long-term difficulties at T2. Low, average and high cortisol (-1SD, 
M, and +1SD) correspond to 6.15, 10.87, and 15.60 nmol/L, respectively.
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Abstract

From the literature it is not clear whether low resting heart rate (HR) reflects low or 
high sensitivity to the detrimental effects of adverse environments on externalizing 
problems. We studied parental psychiatric history (PH), reflecting general vulnerability, 
as possible moderator explaining these inconsistencies. Using Linear Mixed Models, we 
analyzed data from 1914 subjects, obtained in three measurement waves (mean age 11, 
13.5, and 16 years) from the TRacking Adolescents’ Individual Lives Survey population-
based cohort and the parallel clinic-referred cohort. As hypothesized, more chronic 
stressors predicted more externalizing problems in vulnerable individuals with high 
resting HR but not in those with low resting HR, suggesting high vs. low sensitivity, 
respectively, to adverse environmental influences. In adolescents with low vulnerability, 
in contrast, the association between chronic stressors and externalizing problems did 
not substantially differ by resting HR level. Future research may demonstrate whether 
our findings extend to other adverse, or beneficial, influences.

Keywords: Chronic stressors; Psychosocial adversity; Sensitivity to the environment; 
Externalizing problems; General vulnerability; Parental psychiatric history; Resting 
heart rate; Adolescence. 
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Introduction

Adolescents’ exposure to psychosocial stressors is a well-established risk factor of 
psychopathology, including disruptive (externalizing) behavior such as aggression and 
rule- breaking (for an overview, see Grant, Compas, Thurm, McMahon, & Gipson, 2004). 
However, the strength of this relationship differs greatly across individuals (Jenkins, 
2008; Rutter, 2005), suggesting that some individuals are more sensitive to the environ-
ment than others. Determining which factors over time influence (i.e., moderate) the 
association between chronic stressors and externalizing problems may ultimately aid 
in timely identification of those most in need of intervention. This study investigated 
two potential moderators simultaneously: resting heart rate (HR), reflecting autonomic 
arousal; and parental psychiatric history (PH), reflecting general vulnerability. We hy-
pothesized that the moderator effect of resting HR would be more pronounced in more 
vulnerable individuals. 

Biological Sensitivity to Context theory and the Differential Susceptibility hypothesis 
(Belsky, Bakermans-Kranenburg, & Van IJzendoorn, 2007; Boyce & Ellis, 2005; Ellis & 
Boyce, 2008; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & Van IJzendoorn, 2011) have 
proposed individual differences in sensitivity to the environment, for better and for 
worse. Specifically, whereas sensitive individuals are positively affected by beneficial 
environmental influences (e.g., parental emotional warmth) and negatively by adverse 
influences (e.g., parental hostility), less sensitive individuals are less affected by both. 
Individual characteristics that have been implicated in sensitivity to beneficial and/or 
adverse environmental influences are thus of interest as potential moderators of the 
association between chronic stressors and externalizing problems. 

Recent findings suggest that resting HR captures individual differences in sensitivity 
to beneficial environmental influences on disruptive behavior in youth. There appears 
to be a positive association between autonomic arousal level, including resting HR, and 
efficacy of cognitive behavioral therapy (CBT) in reducing antisocial behavior in youth 
(Cornet, De Kogel, Nijman, Raine, & Van der Laan, 2014). For example, in a sample of 
7-12-year olds who had been referred for disruptive behavior and treated with cognitive 
behavioral therapy, those who showed significant improvement (i.e., decrease in disrup-
tive symptoms) were characterized by relatively high resting HR, whereas those who 
did not improve were characterized by low resting HR (Stadler et al., 2008). In addition, 
and with regard to adverse influences, our research group has recently demonstrated 
that higher chronic stressor levels predicted greater severity of (externalizing and in-
ternalizing) mental health problems in preadolescents with high resting HR, but not in 
those with low resting HR (Oldehinkel, Verhulst, & Ormel, 2008). Together, these findings 
suggest that resting HR may be reflective of sensitivity to environmental influences, both 
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beneficial (such as cognitive behavioral therapy) and adverse (such as chronic stressors), 
in line with the Differential Susceptibility hypothesis. That is, youth with high resting HR 
may experience greater positive effects as a result of beneficial environmental influences 
and greater negative effects as a result of adverse influences. Conversely, preadolescents 
with low resting HR may not only be less sensitive to the positive effects of beneficial 
environments but also to the detrimental effects of adverse environments.

However, in contrast to the latter, there have also been findings that the combination of 
low resting HR and environmental risk factors such as violence exposure, poor parent-
child relationship, or low socio-economic status, resulted in increased risk of external-
izing problems (Raine, 2002; Scarpa, Tanaka, & Haden, 2008). This is consistent with the 
well-established negative association between resting HR and externalizing problems, 
that is, low resting HR increases risk (Lorber, 2004; Ortiz & Raine, 2004; Portnoy & 
Farrington, 2015) whereas high resting HR is protective against externalizing problems 
(Portnoy, Chen, & Raine, 2013; Raine, 2002).

These opposite effects of low resting HR suggest the influence of an additional mod-
erator. A likely candidate is parental psychiatric history as index of individual differ-
ences in general vulnerability, given that genetic risk factors, including those linking low 
resting HR to externalizing problems (Baker et al., 2009), are more likely present in more 
vulnerable individuals. In the present paper, we examine the hypothesis that the effect 
of resting HR on the stressors-externalizing association is conditional upon individual 
differences in general vulnerability. We hypothesize that the moderator effect of resting 
HR, in terms of sensitivity to chronic stressors, manifests especially in more vulnerable 
individuals. We expect that, especially in this group, higher levels of chronic stressors are 
associated with higher subsequent externalizing problem levels in individuals with high 
resting HR, but that chronic stressors are not associated with externalizing problems in 
individuals with low resting HR.

Methods and Materials

Sample

We derived the data used in this study from the two cohort studies of the longitudinal 
“TRacking Adolescents’ Individual Lives Survey.” TRAILS aims to contribute to the un-
derstanding of the determinants of mental health problems by following 10-12 year-old 
Dutch children into adulthood. TRAILS was approved by the National Dutch Medical 
Ethics Committee, in accordance with the ethical standards laid down in the 1964 Decla-
ration of Helsinki. 
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To obtain a large sample with wide ranges of parental psychiatric history severity, 
problem severity and chronic stress, we pooled data from the population-based birth 
cohort (n = 2230) and a parallel clinic-referred cohort (n = 543). We included three mea-
surement waves: T1, T2, and T3, with mean ages about 11, 13.5, and 16 years, respectively. 
The sampling procedures, descriptive statistics and response rates of both cohorts are 
well-documented (e.g., De Winter et al., 2005; Huisman et al., 2008; Ormel et al., 2012). 
In brief, TRAILS approached 135 primary schools in five municipalities in the Northern 
Netherlands to build the population cohort. 90.4% of the schools agreed to participate. 
TRAILS contacted eligible students and their parents, enrolling 76% (n = 2230) of those 
contacted in the study. The three data waves we included in this study were collected 
from March 2001 to July 2002 (T1), September 2003 to December 2004 (T2), and Septem-
ber 2005 to August 2007 (T3), with response rates consistently above 80%. 

The smaller, clinic-referred sample (n = 543) consisted of preadolescents who had 
been referred to the Groningen University Child and Adolescent Psychiatric Outpatient 
Clinic at any point in their life (20.8% ≤5 years, 66.1% 6-9 years, 13.1% 10-12 years) for 
consultation or treatment. The first three data waves in the clinic-referred cohort ran 
two years behind those of the population cohort: from September 2004 to December 
2005 (T1), September 2006 to November 2007 (T2), and September 2009 to February 2011 
(T3). The measurement instruments and design for the clinic-referred cohort were the 
same as those of the population cohort. Of the 1264 eligible preadolescents, 543 (65.9% 
boys, mean age 11.11, SD 0.50, range 10.13-12.40) enrolled in the study and finished base-
line measurements (T1). Of these 543 baseline participants, 85.1% (n = 462) participated 
in the second wave (T2). Of the T2 participants, 71.1% (n = 386) also participated in the 
third wave (T3). Another 30 T2 dropouts agreed to participate in the third wave, result-
ing in a total T3 response rate of 76.6% (n = 416) of the original sample.

Measures

Externalizing Problems 
TRAILS administered the Achenbach System of Empirically Based Assessment (ASEBA) 
family at each measurement wave to assess mental health problems over time (Achen-
bach & Rescorla, 2001; Verhulst & Van der Ende, 2013). The Child Behavior Checklist is a 
parent-report questionnaire that contains 120 items assessing behavioral and emotional 
problems in children over the past 6 months. These items can be rated as 0 = not true, 1 
= somewhat or sometimes true, or 2 = very or often true. We used DSM-oriented subscales 
to define externalizing problems as the sum of the average scores of oppositional defiant 
problems (k = 5, Cronbach’s α = .81) and conduct problems (k = 17, α = .81). We chose to use 
average scale scores and sum these in order to balance the influence of subscales with 
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different numbers of items. We followed the same procedure for the Youth Self-Report, 
with externalizing problems defined as the summed weighted average of oppositional 
defiant (k = 5, α = .65) and conduct problems (k = 15, α = .74).

Based on the significant correlations between externalizing and internalizing prob-
lems at both T2 (r = .51 parent-report, and r = .39 self-report) and T3 (r = .53 parent-
report, and r = .33 self-report), our main focus is on externalizing problems adjusted for 
co-occurring internalizing problems (EXTadj). To that end, we computed the summed 
weighted average of anxiety (k = 6, α = .72 and .62 for parent-report and self-report, 
respectively) and affective problems (k = 13, α = .72 and .71 for parent-report and self-
report, respectively), after which we computed residual externalizing scores (M = 0, SD 
= 1). Although these standardized residuals are informative in terms of pure external-
izing behavior, adjusting for the variance shared with internalizing problems inevitably 
includes, to some extent, adjustments for individual differences in problem severity as 
well. Therefore, externalizing problems unadjusted for co-occurring internalizing prob-
lems (EXT) are also addressed.

Chronic stressors preceding T2 and T3
We operationalized chronic stressors as the number of long-term difficulties since the 
previous measurement. One of the parents, typically the mother, filled out a TRAILS 
questionnaire (e.g., Oldehinkel et al., 2008; Zandstra et al., 2015) that listed long-term dif-
ficulties to which the adolescent might have been exposed since the previous interview. 
The stressors included: (1) chronic illnesses or physical handicaps of the child (2) or a 
family member; (3) high work pressure at school; (4) housing problems; (5) neighbor-
hood problems, such as violence or discrimination; (6) financial problems; (7) lack of 
friends; (8) being bullied; (9) long-lasting conflicts with family members (10) or others; 
and (11) long-lasting conflicts between family members. On an open item, parents could 
disclose additional long-term difficulties. We coded these additional problems either as 
a long-term difficulty or dismissed them according to well-defined rules; in particular 
whether the described situation is typically considered stressful and enduring. For ex-
ample, we coded a turbulent home environment, such as moving frequently from house 
to house or parents having an on/off relationship, as long-term difficulty. Situations that 
we rejected as long-term difficulty included normative or non-enduring situations such 
as the transition to middle school, puberty, and quarrels with siblings. The number of 
reported difficulties ranged from 0 to 10. To reduce the possible influence of extreme 
and rare scores, we grouped subjects into 4 categories; 0, 1, 2, or 3 or more long-term 
difficulties. 
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Resting heart rate (HR)
Preadolescents participated in HR measurements at T1; either at school for the popula-
tion cohort; or at the University Child and Adolescent Outpatient Clinic in Groningen, 
the Netherlands for the clinic-referred cohort. Both cohorts used the same measurement 
protocol to assess resting supine HR at T1. Individual measurements took place in the 
morning (generally between 8.30 AM and noon in the population cohort and between 
10.20 and 11.00 AM in the clinic-referred cohort), either in a quiet room either at school 
(population cohort, Dietrich et al., 2006) or at the Groningen University Child and Ado-
lescent Outpatient Clinic (clinic-referred cohort, Dietrich et al., 2012). Subjects assumed 
the supine position and were equipped with a three-lead electrocardiogram. They 
were asked to relax and neither move nor talk during the assessment. When signals 
had reached a stabilized steady-state, generally within 5 minutes, continuous HR was 
recorded for 4 minutes during spontaneous breathing using a sample frequency of 100Hz 
(Dietrich et al., 2009). Specialized software was used for R-peak detection (CARSPAN, 
Mulder, Van Dellen, Van der Meulen, & Opheikens, 1988) with missing R-peaks inserted 
by visual screening. Poor quality interbeat intervals of up to 5 seconds were interpolated 
using this software. Measurements that contained too many artifacts, such as signal gaps 
of more than five seconds or with a total signal length less than 100 seconds were dis-
carded (Dietrich et al., 2006). HR, expressed in beats per minute was calculated as 60,000 
(1 minute = 60 seconds = 60,000 milliseconds) divided by the mean inter-beat interval in 
milliseconds. More detailed information on cardiovascular measurement procedures in 
both cohorts is given elsewhere (Dietrich et al., 2006; Dietrich et al., 2009; Dietrich et al., 
2012). These procedures have shown satisfactory short-term test-retest reliability of the 
supine resting HR measurements (Dietrich et al., 2010).

Parental psychiatric history (PH) 
The TRAILS Family History Interview (Ormel et al., 2005) was administered at two time 
points to assess PH. Prevalence rates using this instrument were comparable to reported 
rates from the Dutch NEMESIS study, which were obtained using the Composite Interna-
tional Diagnostic Interview (Bijl, Ravelli, & Van Zessen, 1998; Ormel et al., 2005).

At T1, trained assistants conducted the interview. The second time (at T2 for the 
clinic-referred cohort, at T3 for the population cohort), parents completed the questions 
themselves. After reading vignettes describing DSM-IV key symptoms for depression, 
anxiety, substance dependence, and persistent antisocial behavior, one parent was asked 
to indicate whether the behavior described in each vignette had ever applied to her/
him and the other biological parent. We identified parents who had indicated a definite 
episode (in contrast to a possible episode), reported in at least one of the two assess-
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ments, who in addition indicated having received treatment or medication during that 
episode, or, in case of antisocial behavior, had been in contact with the police. 

We counted the number of diagnosis dimensions in each parent (0 = no PH; 1 = either 
internalizing or externalizing PH; 2 = both internalizing and externalizing PH). Then, we 
indexed PH severity for each adolescent by summing the scores of the two parents, re-
sulting in the following possibilities: 0) no PH in either parent; 1) one parent with single-
domain PH; 2) one parent with PH in both domains or two parents with single-domain PH; 
3) one parent with single-domain PH plus other parent with PH in both domains, or two 
parents with PH in both domains. We labeled the groups as 0 = no PH; 1 = mild PH; 2 = 
severe PH; and 3 = very severe PH. 

We focused on severity rather than on presence versus absence or on the domain 
(internalizing vs. externalizing) of PH, for the following reasons. PH is a strong predictor 
of increased genetic and environmentally-driven vulnerability for psychopathology in 
offspring (Burke, Loeber, & Birmaher, 2002; Kim-Cohen, Moffitt, Taylor, Pawlby, & Caspi, 
2005). This vulnerability is not limited to problem domain, given that internalizing and 
externalizing PH are each associated with both problem types in offspring (e.g., Kim-
Cohen et al., 2005; Marmorstein, Malone, & Iacono, 2004). If indeed familial transmission 
(partially) results in a non-specific vulnerability for psychopathology, the severity (i.e., 
complexity) of PH may be an important indicator of the degree of vulnerability. In line 
with this, prior research findings demonstrate increased risk of psychopathology in off-
spring when a parent is affected by both internalizing and externalizing psychopathology 
compared to only one type (Kim-Cohen et al., 2005), whereas offspring of two affected 
parents may be at even higher risk (Dierker, Merikangas, & Szatmari, 1999; Marmorstein 
et al., 2004).

Data analysis

Data preparation and preliminary analyses 
For this study, our statistical analysis method required at least one value for each predic-
tor on T1-T3 and at least T2 or T3 externalizing problems. Thus, we needed T2 and/or 
T3 parent-reported and/or self-reported externalizing problems, T2 and/or T3 chronic 
stressors, T1 resting HR, and complete psychiatric history of both parents, reported in 
at least one of the two assessments. We performed independent samples t-tests to check 
whether included and excluded subjects differed with respect to our study variables.

Main analyses 
We computed Pearson’s correlation coefficients between the predictors and T2 and T3 
EXT and EXTadj problems. We used Linear Mixed Modeling (LMM) to investigate the 
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effects of resting HR, chronic stressors, and PH severity; and their hypothesized interac-
tions in predicting subsequent EXTadj problems. LMM allows for missing data at dif-
ferent measurement waves, which is an important advantage for a longitudinal design 
(Kwok et al., 2008). Using PASW Statistics for Windows 18.0 (SPSS Inc., Chicago IL), we 
conducted multivariate LMM analyses (T2 and T3 in a single analysis). Analyses were 
performed separately for parent-report and self-report. We included the independent 
variables of age (time-variant covariate), sex (0_female, 1_ male), initial EXTadj level 
at T1, chronic stressors (time-variant), resting HR, PH severity, as well as all possible 
interactions between chronic stressors, resting HR, and PH severity. Since resting HR 
may exert its effect on externalizing problem levels particularly at extremes in its dis-
tribution, rather than linearly, we allowed for a curvilinear (quadratic) effect of resting 
HR. All non-dichotomous variables were mean-centered before analysis. We used the 
Maximum Likelihood estimation procedure and considered a p-value <.05 to be statisti-
cally significant.

For interpretation of interaction effects, we plotted the outcome variable based on the 
estimated regression coefficients, for different levels of each predictor. For significant 
three-way interaction effects of resting HR, chronic stressors, and PH severity; we tested 
whether resting HR and chronic stressors significantly interacted within the very severe 
PH group, within the no PH group, or both. Estimates, standard errors, and p-values 
were computed using SAS 9.3. To investigate the influence of pre-existing externalizing 
problems on our findings, we repeated the analysis of EXTadj without controlling for 
initial EXTadj at T1. To check the influence of adjusting externalizing problems for 
co-occurring internalizing problems, we repeated the analysis replacing the outcome 
variable EXTadj with EXT; that is, externalizing problems unadjusted for co-occurring 
internalizing problems.

Results

Results of preliminary analyses

HR was not measured for 398 subjects (n = 380 population cohort, n = 18 clinic-referred 
cohort), primarily because autonomic measurements in the population cohort started a 
few months after the TRAILS data collection had already begun. Other causes for missing 
HR data included moving to another area or lack of time. One hundred and eighteen sub-
jects had invalid HR data, consisting of 88 participants in the population cohort and 24 
in the clinic-referred cohort. Criteria for invalidation were lost or unusable data due to 
measurement errors, such as flat signals, and rejection of data based on quality restric-
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tions (e.g., too many artefacts, signal length < 100s, Dietrich et al., 2006). Three hundred 
and nine participants had missing data for both measurements of chronic stress, 218 
for PH, and 137 for parent-reported as well as self-reported externalizing problems. 
Altogether, we excluded a total of 859 participants (n = 727 population cohort, n = 132 
clinic-referred cohort) from this study, resulting in a final sample size of 1914 subjects (n 
= 1503 population cohort, n = 411 clinic-referred cohort). 

We compared the final study sample (mean age 11.05; SD 0.50; range 10.01-12.58; 52.5 
% boys; 78.5 % population cohort) with those who were not included. We found that 
included participants were younger (t (1393.225) = -8.530, p < .001), had higher resting 
HR (t = (2261) = 2.007, p = .045), and had somewhat fewer parent-reported externalizing 
problems (t (2585) = -1.900, p = .058). There were no significant differences between the 
groups with respect to sex (p = .94), T2 chronic stressors level (p = .84), self-reported 
externalizing problems (p = .31), or PH severity (p = .98). 

Results of main analyses

Table 1 shows descriptive statistics of the final sample and Table 2 shows correlations. As 
shown in Table 3, a three-way interaction effect of PH severity, HR-square, and chronic 
stressors was statistically significant in predicting parent-reported EXTadj (p = .035).

Table 1 Descriptive statistics of the variables used in this study
Variable Wave       N Mean (SD) Range
Age T1 1912 11.05 (0.50) 10.01-12.58

T2 1886 13.37 (0.60) 11.58-15.03
T3 1671 16.14 (0.67) 14.42-18.48

Stressorsa T2 1846 1.23 (1.50) 0-10
T3 1513 1.30 (1.54) 0-10

Heart Rate T1 1914 76.40 (11.05) 47.57-115.92
CBCL EXTb T1 1838 5.95 (5.01) 0-31

T2 1844 4.50 (4.70) 0-31
T3 1508 4.43 (4.94) 0-28

YSR EXTb T1 1895 5.88 (4.36) 0-28
T2 1834 5.79 (4.12) 0-29
T3 1563 6.09 (4.48) 0-26

PH severity 0 T1/T3 1055
1 628
2 185
3 46

CBCL = Child Behavior Checklist; YSR = Youth Self Report; EXT = Externalizing problems; PH = Parental psychiatric 
history
aNumber of long-term difficulties experienced since previous measurement of scores on 22 items for parent-
report (CBCL) and 20 items for self-report (YSR), largest possible scale score 44 and 40, respectively.
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Table 2 Correlation matrix of predictors and outcome variables, with parent-reported externalizing problems 
below and self-reported externalizing problems above diagonal

Self-report

Variables
T2
Stressors

T3
Stressors

T1
HR PH

T2
EXT

T2
EXTadj

T3
EXT

T3
EXTadj

T2Stressors 1 .56*** -.01 .20*** .17*** .08*** .11*** .04

T3Stressors .56*** 1 -.02 .24*** .15*** .06* .15*** .08**

T1HR -.01 -.02 1 .02 -.04 -.04 -.04 -.06*

PH .20*** .24*** .02 1 .06** .03 .04 .02

Parent-report

T2EXT .39*** .30*** -.09*** .19*** .41*** .38*** .30*** .28***

T2EXTadj .15*** .12*** -.09*** .09*** .36*** .40*** .28*** .31***

T3EXT .31*** .37*** -.05* .15*** .30*** .29*** .41*** .40***

T3EXTadj .11*** .13*** -.05 .04 .24*** .31*** .38*** .45***

HR = Resting heart rate; PH = Parental history severity; EXT = Externalizing problems; EXTadj = Externalizing 
problems adjusted for internalizing problems.
***p < .001, **p < .01, *p < .05

Table 3 Parental psychiatric history severity, resting heart rate, and chronic stressors significantly predicted 
parent-reported but not self-reported externalizing problems

  Parent-reported EXTadj   Self-reported EXTadj

Parameter   Estimatea SEa      p   Estimatea         SEa         p

Interceptb 7.99 24.27 .74 -70.04 27.37 .011

Age 6.68 7.73 .39 -11.82 9.17 .20

Sexc 18.79 33.60 .58 134.11 38.26 <.001

T1 EXTadj 594.85 16.93 <.001 363.75 19.08 <.001

Stress 53.15 13.24 <.001 63.82 15.21 <.001

HR -2.40 1.55 .12 -0.50 1.77 .78

HR-square 0.07 0.10 .49 0.07 0.12 .55

PH 20.25 22.14 .36 25.07 25.09 .32

HR*Stressors 1.65 1.18 .16 -0.37 1.36 .79

HR-square*Stressors 0.09 0.08 .27 0.01 0.09 .88

PH*HR -2.64 1.90 .16 1.57 2.18 .47

PH*HR-square -0.08 0.12 .51 -0.11 0.13 .41

PH*Stressors -3.85 16.64 .82 -28.30 19.14 .14

PH*HR*Stressors 2.24 1.38 .10 1.21 1.60 .45

PH*HR-square*Stressors -0.18 0.09 .035 -0.13 0.10 .20

EXTadj = Externalizing problems adjusted for internalizing problems; HR = Heart rate; PH = Parental psychiatric 
history severity 
aValues multiplied by 1000 for increased readability
bParticipants varied significantly (p < .01) in intercept for parent-reported EXTadj, var(u0j) = 260.63a, chi-square(1) 
= 252.08, and self-reported EXTadj, var(u0j) = 312.09a, chi-square(1) = 199.36
cSex was coded as 0 = female, 1 = male.
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We plotted the levels of parent-reported EXTadj for low, average, high, and very high 
levels of chronic stressors (corresponding to 0, 1, 2, and 3 or more long-term difficulties, 
respectively) and low, average, and high resting HR (-1 SD, average, and +1SD, correspond-
ing to 65.35, 76.40 and 87.45 beats per minute, respectively); separately for very severe 
PH and no PH. Visual inspection (Figure 1) shows that, in the presence of severe PH 
(left panel), higher levels of chronic stressors were associated with higher subsequent 
EXTadj in individuals with high or average resting HR, whereas chronic stressor levels 
were not associated with EXTadj in individuals with low resting HR. Rather, it appeared 
as if these adolescents had lower levels of EXTadj under high compared to low levels of 
chronic stressors. Post-hoc estimate and standard error calculation (using SAS 9.3) for 
the slope of EXTadj across levels of chronic stressors showed that it did not significantly 
differ from zero (p = .53) and should thus be interpreted as stable across levels of chronic 
stressors. Thus, individuals with low resting HR and severe PH, although typically show-
ing high EXTadj, did not show an increase in EXTadj following chronic stressors. This 
lack of increase cannot be explained by a ceiling effect since the highest observed EXT 
level in our sample was still far from the scale maximum (see Table 1). In the absence of 
parental psychiatric history (right panel), externalizing levels did not seem to differ by 
resting HR level, regardless of the level of chronic stressors. 

In contrast to parent-reported EXTadj, self-reported EXTadj was not significantly pre-
dicted by a three-way interaction effect of HR-square, chronic stress, and PH severity (p 
= .20). For purposes of checking if the pattern of findings was the same as in the parent-
reported findings, we plotted self-reported EXTadj (available upon request) following 

Figure 1 Externalizing problems as reported by parents, plotted for different levels of chronic stressors and resting 
heart rate, and separately depicted for very severe (a) versus no parental psychiatric history (b)
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EXTadj = Parent-reported externalizing problems adjusted for internalizing problems. Levels of chronic stressors 
refer to the number of long-term difficulties, corresponding to centered values of -1.09, -0.09, 0.91, and 1.91, 
respectively. Low, average, and high resting heart rate (-1SD, M, and +1SD) correspond to 65.35, 76.40, and 87.45 
beats per minute, respectively.   
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the procedure described above. Visual inspection showed that the association between 
stressors and self-reported EXTadj was relatively weak in individuals with low resting 
HR and severe PH, which is consistent with our findings on parent-reported EXTadj.

Post-hoc analyses

We tested whether the three-way interaction of HR-square, chronic stressors and PH in 
predicting parent-reported EXTadj applied to the extremes of the PH distribution. That 
is, we tested for a two-way interaction effect of resting HR and chronic stressors within 
the very severe PH group, within the no PH group, or both. We found p-values that were 
very close together; p = .06 and p = .049 for very severe PH and no PH, respectively. 
Note that the sample size and associated power to detect effects should be taken into 
account in interpreting these p-values. Specifically, given the small sample size (n = 46) 
associated with very severe PH, an effect would have to be rather large (as illustrated by 
Figure 1, left panel) in order to find a slope significantly different from zero. Conversely, 
the large sample size (n = 1055) given no PH is associated with high power to detect even 
small effects (as illustrated by Figure 1, right panel). 

Without controlling for initial EXTadj levels at T1, a three-way interaction effect of PH 
severity, HR-square and chronic stressors was somewhat weaker (p = .06) in predicting 
parent-reported EXTadj levels. This is according to expectation, given that the exposure 
to chronic stressors was measured between T1 and T2 and between T2 and T3 but not at 
baseline. Plots were highly comparable to our main results (see Figure 1). Thus, whether 
or not corrected for initial EXTadj level at baseline, an attenuating effect of low resting 
HR on the association between chronic stressors and EXTadj was more pronounced in 
individuals with more severe PH. 

Without adjusting our outcome measure for the variance shared by externalizing and 
internalizing problems, a three-way interaction effect of PH severity, HR-square and 
chronic stressors significantly predicted parent-reported EXT (p = .010). Plots were 
highly comparable to those of EXTadj. These showed that due to co-occurring internal-
izing problems, the association between chronic stressors level and EXT was generally 
stronger than for EXTadj. However, just as in Figure 1, the association between chronic 
stressors and EXT was attenuated in adolescents with low resting HR and severe PH. 

These post-hoc analyses show the robustness of our main results on parent-reported 
EXTadj. Tables and figures from these analyses are available upon request.
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Discussion

This study investigated the combined effects of general vulnerability, as indexed by pa-
rental psychiatric history, and resting HR on the association between chronic stressors 
and externalizing problems from preadolescence well into adolescence. 

In general, higher stressor levels were associated with higher parent-reported 
externalizing levels. As hypothesized, this association was moderated by resting HR, 
especially in more vulnerable individuals. Specifically, in individuals with high general 
vulnerability and low resting HR, unlike those with relatively high resting HR, external-
izing levels were not influenced by the level of chronic stressors, in accordance with our 
hypothesis. In adolescents with low general vulnerability, in contrast, the association 
between chronic stressors and externalizing problems did not substantially differ by 
resting HR level. Although these findings were not statistically significant for self-
reported externalizing problems, results from post-hoc analyses demonstrated that our 
findings on parent-reported externalizing problems were robust, in that they did not 
depend on prior externalizing levels or on the adjustment of externalizing problems for 
co-occurring internalizing problems.

We have extended findings from a prior TRAILS study (Oldehinkel et al., 2008) that 
demonstrated a stressor-buffering effect of low resting HR, by showing that this effect 
continued into adolescence and was more pronounced in more vulnerable individuals. 
Our results contrast with prior findings that the combination of low resting HR and en-
vironmental risk factors resulted in increased risk of externalizing problems, which sug-
gested that effects of risk factors on externalizing problems accumulate (Raine, 2002b; 
Scarpa et al., 2008). Possibly, these prior findings pertain predominantly to samples with 
low general vulnerability. Given our finding that in vulnerable individuals with low rest-
ing HR, externalizing levels were typically high and not influenced by chronic stressors, 
it could be argued that these results suggest an alternative, competing risk factors expla-
nation (Raine, 2002). That is, whereas psychosocial influence of externalizing problems 
may be masked in the presence of strong biological influence on externalizing problems, 
it may be exposed in the absence of biological influence, and vice versa. However, from 
this perspective, we would have expected low general vulnerability and low levels of 
chronic stressors (i.e., weak psychosocial influence) to expose the biological influence 
of low resting HR on (higher) externalizing levels. In contrast, our findings suggest no 
influence of resting HR level under these circumstances. Rather, they suggest that rest-
ing HR may reflect individual differences in sensitivity to the environment, especially in 
more vulnerable individuals, making the competing risk factor explanation less likely. 

Whether or not individuals that are relatively prone to the detrimental effects of 
adverse influences may also benefit relatively more from beneficial influences was not 
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addressed in the current study. That is, rather than performing a formal test of the Dif-
ferential Susceptibility hypothesis, which includes both beneficial and adverse aspects of 
the environment, we have only addressed the latter, reflecting a Diathesis-Stress model 
(Zuckerman, 1999). Future research may demonstrate whether our findings extend to 
a broader range of adverse environmental influences or are rather specific to chronic 
psychosocial stressors, and if our findings extend to beneficial influences.

It is important to note two limitations of our study, as well as several strengths. First, 
results based on self-reported externalizing problems did not reach statistical signifi-
cance. Adolescents may have underreported externalizing problems (Salbach-Andrae, 
Lenz, & Lehmkuhl, 2009) due to socially desirable responding, indifference, or lack of in-
sight. Additionally, since our measure of chronic stressors was only assessed by parents, 
stronger associations for parent-reported externalizing problems may be in part due to 
shared method variance, although this tends to inflate main effects in particular (rather 
than moderator effects). In TRAILS, we collected parent-reports of long-term difficulties 
because we assumed that parents are better and more stable judges of the difficulties 
that put chronic strain on family life. Nevertheless, it is possible that what is perceived as 
stressful differs between parents and adolescents. The stressors we examined included 
issues as housing problems and neighborhood problems. Possibly, such factors are not 
noted as stressful by adolescents. Self-reports on chronic stressors, more oriented to-
wards adolescents’ point of view, could perhaps have led to stronger associations with 
self-reported externalizing problems. 

A second limitation is that the PH data do not reflect clinical diagnoses. Conducting 
comprehensive diagnostic interviews with both parents, the gold standard, was not 
possible due to financial and practical constraints, such as limited time and risk of in-
creased drop-out due to the high demands placed on research participants. We focused 
on lifetime disorders that had involved a professional, such as a psychiatrist, a general 
practitioner, or law enforcement. Although this method enabled a more reliable identifi-
cation of individuals with severe PH, it may have led to underestimating individuals with 
mild PH. Furthermore, relying on one parent to describe the other parent’s psychiatric 
history may also have resulted in underestimations of participants’ PH. Taken together, 
potential bias in either long term difficulties or family history assessment may have led 
to underestimation of effects. 

Strengths of the study include the large sample of longitudinal data from preadoles-
cence well into adolescence; large inter-individual differences in problem severity and 
chronic stressor exposure; our use of linear mixed modeling, allowing for optimal use 
of all available data from multiple measurements; and sensitivity analyses on prior ex-
ternalizing levels and on externalizing levels unadjusted for co-occurring internalizing 
problems.
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In sum, this study has demonstrated that the moderating effect of resting HR on the 
association between chronic stressors and adolescents’ externalizing problems was 
more pronounced in the presence of general vulnerability, as indexed by parental psy-
chiatric history. Our findings suggest that vulnerable adolescents with low resting HR, in 
contrast to those with relatively high resting HR, were less sensitive to the detrimental 
effects of chronic stressors on externalizing problems. This contrasts with previous find-
ings that the combination of low resting HR and psychosocial risk factors resulted in 
increased risk of externalizing problems. Our findings thus suggest that low resting HR 
may be reflective of low sensitivity to environmental influences, but only in the presence 
of general vulnerability.
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Abstract

The existing literature does not provide consistent evidence that carriers of the 
Dopamine D4 Receptor 7-repeat allele are more sensitive to adverse environmental 
influences, resulting in enhanced externalizing problems, compared to noncarriers. One 
explanation is that the adverse influences examined in prior studies were not severe, 
chronic, or distressing enough to reveal individual differences in sensitivity reflected by 
DRD4-7R. This study examined whether the 7-repeat allele moderated the association 
between chronic stressors capturing multiple stressful aspects of individuals’ lives and 
externalizing problems in adolescence. We expected that chronic stressor levels would 
be associated with externalizing levels only in 7-repeat carriers. Using Linear Mixed 
Models, we analyzed data from 1621 Dutch adolescents, obtained in three measurement 
waves (mean age approximately 11, 13.5, and 16 years) from the TRacking Adolescents’ 
Individual Lives Survey population-based birth cohort and the parallel clinic-referred 
cohort. Across informants, we found that higher levels of chronic stressors were related 
to higher externalizing levels in 7-repeat carriers but not in noncarriers, as hypoth-
esized. Although previous studies on the 7-repeat allele as a moderator of environmental 
influences on adolescents’ externalizing problems have not convincingly demonstrated 
individual differences in sensitivity to adverse environmental influences, our findings 
suggest that adolescent carriers of the Dopamine D4 Receptor 7-repeat allele are more 
sensitive to chronic, multi-context stressors than noncarriers. 

Keywords: Chronic stressors; Psychosocial adversity; Sensitivity to the environment; 
Dopamine D4 Receptor 7-repeat allele (DRD4-7R); Externalizing problems; Adolescence. 
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Introduction

Exposure to psychosocial stressors increases adolescents’ risk of psychopathology (for 
an overview, see Grant, Compas, Thurm, McMahon, & Gipson, 2004), including rule-
breaking and aggressive (externalizing) behavior as seen in oppositional defiant disor-
der (ODD) and conduct disorder (CD). However, individual differences in outcome are 
large (Jenkins, 2008; Rutter, 2005), suggesting that some individuals are more sensitive 
to their environment than others. This study aimed to enhance our understanding of 
these individual differences in adolescence by examining whether the association be-
tween chronic stressors and externalizing problems over time is moderated by a genetic 
variant in the Dopamine D4 Receptor (DRD4) gene, potentially reflecting sensitivity to 
the environment. 

A polymorphism in the third exon of this gene encodes for a variable number of tandem 
repeats, ranging from 2 to 11 (Bakermans-Kranenburg & van IJzendoorn, 2011; Dmitrieva, 
Chen, Greenberger, Ogunseitan, & Ding, 2011; Ptacek, Kuzelova, & Stefano, 2011). The 
7-repeat (7R) variant results in lower affinity for dopamine (Ptacek et al., 2011), one of 
the brain’s chemical messengers that is of interest in relation to externalizing problems, 
through its assumed role in reward mechanisms, motivation, and approach behavior 
(Dmitrieva et al., 2011).

DRD4-7R has been extensively examined as a moderator of the association between 
environmental influences and externalizing problems, based on the notion that the 7R 
allele may reflect sensitivity to the environment, for better and for worse. According to 
this Differential Susceptibility model (e.g., Ellis, Boyce, Belsky, Bakermans-Kranenburg, 
& Van IJzendoorn, 2011), sensitive individuals are likely to be positively affected by 
beneficial environmental influences and negatively by adverse influences, whereas less 
sensitive individuals are less affected by both. 

Most empirical support for this model comes from studies on laboratory-observed 
parenting factors in relation to externalizing problems in toddlers and preschoolers. 
Specifically, 10 month-old 7R carriers exposed to low vs. high laboratory-observed 
maternal sensitivity showed high vs. low externalizing levels, respectively, approxi-
mately 2.5 years later; whereas noncarriers appeared unaffected by maternal sensitivity 
(Bakermans-Kranenburg & Van IJzendoorn, 2006). In addition, an intervention aimed 
at reducing toddlers’ externalizing problems by promoting maternal positive discipline 
proved to be more effective in 7R carriers than in noncarriers at follow-up (mean age 27, 
39, and 52 months at pretest, posttest, and follow-up, respectively, Bakermans-Kranen-
burg, Van IJzendoorn, Pijlman, Mesman, & Juffer, 2008). However, one study showed 
that in European-Americans, the influence of warm-responsive and negative-intrusive 
parenting at 6 and 12 months on externalizing levels at 18, 24, and 30 months did not 
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significantly differ between 7R carriers and noncarriers (Propper, Willoughby, Halpern, 
Carbone, & Cox, 2007). Another study showed that maternal sensitivity at 14 months, 
but not at 36 or 48 months, interacted with DRD4-7R in predicting later externalizing 
problems (Windhorst et al., 2015). Specifically, higher maternal sensitivity at 14 months 
predicted lower externalizing levels at 18 months (as well as at 60 months, but only via 
indirect paths across time) in 7R carriers, but did not affect noncarriers. At 36 months, 
however, 7R carriers showed a similar response, but noncarriers showed the opposite 
(i.e., higher sensitivity predicted higher externalizing levels), rather than no response. 
Thus, these prior findings on toddlers and preschoolers do not consistently support the 
Differential Susceptibility model. 

In samples with a broad age range that included middle and late childhood as well as 
adolescence, findings showed no evidence that DRD4-7R moderated the influence of ma-
ternal expressed emotion (i.e., warmth, criticism) on conduct problems (mean age 11 yrs, 
range 5-17 yrs, Sonuga-Barke et al., 2009) or on prosocial and antisocial behavior (mean 
age 17 yrs, range 7-28 yrs, Richards et al., 2015). In studies that focused on externalizing 
problems in (pre)adolescents (between 11-20 years old), the notion that DRD4-7R may 
reflect sensitivity to the environment, for better and for worse, has received moderate 
but inconsistent support. One study showed higher sensitivity, for better and for worse, 
in 7R carriers, compared to noncarriers; to laboratory-observed early maternal stimula-
tion and responsiveness, but not to parent-reported early family adversity, with respect 
to adolescents’ symptoms of CD/ODD (combined parent-report and self-report) and 
psychopathy (parent-report, Nikitopoulos et al., 2014). Another study showed relatively 
high sensitivity, for better and for worse, in 7R carriers to a broad range of intervention-
targeted parenting behaviors (reported by parents), with respect to self-reported sub-
stance use, but not to parent-reported delinquency (Beach, Brody, Lei, & Philibert, 2010). 

Prior studies from our research group TRAILS (“TRacking Adolescents’ Individual 
Lives Survey”) have, likewise, produced inconsistent results. One of these (Nederhof, 
Belsky, Ormel, & Oldehinkel, 2012) showed that the 7R allele moderated the association 
between parental separation and self-reported externalizing problems, although this 
effect pertained only to boys, not to girls, and only to the absence of parental separation, 
not to its presence. That is, externalizing levels of 7R-carrying boys compared to noncar-
riers were relatively low if their families were intact but did not differ if their parents 
had separated, suggesting sensitivity for better but not for worse. Other studies from our 
research group showed no evidence that 7R carriers are relatively sensitive to the influ-
ence of peers (teacher-reported peer victimization and self-reported social well-being) 
on self-reported delinquency (Kretschmer, Dijkstra, Ormel, Verhulst, & Veenstra, 2013) 
or of parenting (rejection, overprotection, and emotional warmth as reported by pre-
adolescents) on delinquency and aggression (combined parent-report and self-report, 
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Marsman, Oldehinkel, Ormel, & Buitelaar, 2013) or substance use (self-report, Creemers 
et al., 2011).

Taken together, there are clearly many inconsistencies in the literature as to whether 
DRD4-7R may reflect individual differences in sensitivity to environmental influ-
ences. The inconsistencies in prior findings in adolescence, which is also the focus of 
the present study, do not appear to be driven by an informant effect, nor by differences 
in operationalization of externalizing problems (e.g., substance use vs. delinquency vs. 
broader externalizing measures) or environmental influences (e.g., parent vs. peer influ-
ence; broad vs. narrow aspects of parenting). Rather, what seems to stand out in these 
prior findings is the lack of evidence that DRD4-7R reflects sensitivity to the detrimental 
effects of adverse environmental influences. The few findings that did support high 
sensitivity not only for better but also for worse in 7R carriers (Beach et al., 2010; Niki-
topoulos et al., 2014) were based on the absence of positive (beneficial) environmental 
influences. For example, while high levels of maternal stimulation and responsivity in 
the study by Nikitopoulos et al. (2014) were considered to be beneficial, low levels reflect 
an absence of beneficial influence, rather than presence of adverse influence (e.g., the 
presence of maternal hostility). In contrast, of the prior findings in adolescence relat-
ing to actual adverse influence (i.e., early family adversity, perceived parental rejection 
or overprotection, peer victimization, parental divorce or separation) none suggested 
differences in externalizing levels between 7R carriers and noncarriers (Creemers et al., 
2011; Kretschmer et al., 2013; Marsman et al., 2013; Nikitopoulos et al., 2014). Thus, the Dif-
ferential Susceptibility hypothesis, extending the Diathesis-Stress theory (Zuckerman, 
1999) that some individuals are more vulnerable to the detrimental effects of adverse 
influences, has not received much support from the data.

One explanation could be that the adverse environmental influences examined in prior 
studies were not severe, chronic, or distressing enough to reveal individual differences 
in sensitivity reflected by DRD4-7R. Adverse environmental influences may become 
more severe or distressing as they persist over time, taxing individuals’ physical and 
psychological coping resources. In addition, subtle individual differences in sensitivity 
may be missed when the adverse environmental influence is rather narrowly operation-
alized, capturing only one aspect of individuals’ lives. That is, the adverse environmental 
influences examined in prior studies generally reflected a specific aspect of a single 
environmental domain (e.g., either family or peer group) while beneficial influences 
from other domains, if present, will compensate for their impact. Individual differences 
in sensitivity may thus be easier to detect by assessing environmental influences that 
are chronic and reflect multiple adverse aspects across multiple environmental domains 
(e.g., family, peers, school, and neighborhood). We hypothesize that if DRD4-7R truly 
reflects individual differences in sensitivity to the environment, not only for better, as 
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some prior findings have shown, but also for worse, this may become evident in the 
presence of chronic, multi-context, stressors, which may exceed sensitive individu-
als’ ability to cope. In this study, we have therefore examined whether DRD4-7R is a 
moderator of the association between chronic stressors, operationalized as number of 
long-term difficulties, and externalizing (CD and ODD) problems from preadolescence 
into adolescence. We expected that, only in 7R carriers, chronic stressor levels would be 
positively associated with externalizing levels, whereas in noncarriers, we expected no 
influence of chronic stressors on externalizing levels.

Methods and Materials

Sample

We obtained the data used in this study from the first three measurement waves (mean 
ages about 11, 13.5, and 16 years) of the “TRacking Adolescents’ Individual Lives Survey.” 
TRAILS aims to contribute to the understanding of the etiology of mental health prob-
lems by following 10-12 year-old Dutch children biennially into adulthood. 

We pooled data from the TRAILS population-based birth cohort (n = 2230) and the 
parallel clinic-referred cohort (n = 543), to obtain a large sample with a wide range of 
problem severity and chronic stress. The sampling procedures, descriptive statistics, 
and response rates of both cohorts are well-documented (e.g., De Winter et al., 2005; 
Huisman et al., 2008; Ormel et al., 2012). In brief, TRAILS approached 135 primary schools 
in five municipalities in the Northern Netherlands to build the population cohort. Of 
these schools, 90.4 % agreed to participate. TRAILS contacted eligible students and 
their parents, enrolling 76 % (n = 2230) of those contacted in the study. The three data 
waves we included in this study ran from March 2001 to July 2002 (T1), September 2003 
to December 2004 (T2), and September 2005 to August 2007 (T3); with response rates 
consistently above 80 %.

The smaller clinic-referred sample (n = 543) consists of pre-adolescents who had been 
referred to the Groningen University Child and Adolescent Psychiatric Outpatient Clinic 
at any point in their life (20.8 % ≤5 years; 66.1 % 6-9 years; 13.1 % 10-12 years) for consul-
tation or treatment. The first three data waves in the clinic-referred cohort ran two years 
behind those of the population cohort: From September 2004 to December 2005 (T1), 
September 2006 to November 2007 (T2), and September 2009 to February 2011 (T3). The 
measurement instruments and design for the clinic-referred cohort were the same as 
those of the population cohort. Of the 1264 eligible pre-adolescents, 543 (65.9 % boys; 
mean age 11.11; SD 0.50; range 10.13-12.40) enrolled in the study and finished baseline 
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measurements (T1). Of these 543 baseline participants, 85.1 % (n = 462) participated 
in the second wave (T2). Of the T2 participants, 83.5 % (n = 386) also participated in 
the third wave (T3). Another 30 T2 dropouts agreed to participate in the third wave, 
resulting in a total T3 response rate of 76.6 % (n = 416) of the original sample. Selective 
attrition analyses have been described elsewhere (De Winter et al., 2005; Huisman et al., 
2008; Nederhof et al., 2012; Ormel et al., 2012). Importantly, baseline participants did not 
differ from non-participants with respect to externalizing problems. 

Parents gave written informed consent prior to each assessment wave. Adolescents 
gave written informed assent at the second and third wave. TRAILS was approved by the 
National Dutch Medical Ethics Committee, in accordance with the ethical standards laid 
down in the 1964 Declaration of Helsinki.

Measures

Externalizing problems 
TRAILS used the Achenbach System of Emperically Based Assessment (ASEBA) family of 
measures of mental health problems (Achenbach & Rescorla, 2001; Verhulst & van der 
Ende, 2013) at each time point. The Child Behavior Checklist (CBCL) and the Youth Self-
Report (YSR) contain 120 items assessing behavioral and emotional problems in children 
over the past 6 months. These items can be rated as 0_not true, 1_somewhat or sometimes 
true, or 2_very or often true. We used DSM-IV-oriented subscales to define externalizing 
problems as the sum of the average scores of oppositional defiant problems (k = 5; Cron-
bach’s α = .81 and α = .64 for parent-report and self-report, respectively) and conduct 
problems (k = 17, α = .82 for parent-report; k = 15, α = .75 for self-report). We chose to use 
average scale scores and sum these in order to balance the influence of subscales with 
different numbers of items, then standardized the sum scores. 

Externalizing problems correlated significantly (p < .001) with internalizing problems, 
at both T2 (r = .52, parent-report, and r = .38, self-report) and T3 (r = .54, parent-report, 
and r = .32, self-report). Therefore, we focused on externalizing problems adjusted for 
co-occurring internalizing problems (EXTadj). To that end, we computed the summed 
weighted average of anxiety (k = 6; α = .73 and α = .61 for parent-report and self-report, 
respectively) and affective problems (k = 13; α = .72 and α = .71 for parent-report and 
self-report, respectively), after which we computed residual externalizing scores (M = 
0; SD = 1).

Chronic stressors preceding T2 and T3
We operationalized chronic stressor levels at T2 and T3 as the number of parent-report-
ed long-term difficulties since the previous measurement. One of the parents, typically 
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the mother, filled out a TRAILS questionnaire that listed long-term difficulties to which 
the adolescent might have been exposed since the previous interview (e.g., Oldehinkel, 
Verhulst, & Ormel, 2008; Zandstra et al., 2015). The stressors included: (1) chronic ill-
nesses or physical handicaps of the child or (2) a family member; (3) high work pressure 
at school; (4) housing problems; (5) neighborhood problems, such as violence or dis-
crimination; (6) financial problems; (7) lack of friends; (8) being bullied; (9) long-lasting 
conflicts with family members or (10) others; and (11) long-lasting conflicts between 
family members. On an open item, parents could also disclose additional long-term diffi-
culties. We coded these additional problems either as a long-term difficulty or dismissed 
them according to well-defined rules—in particular whether the described situation is 
typically considered stressful and enduring. For example, we coded a turbulent home 
environment, such as moving frequently from house to house or parents having an on/
off relationship, as long-term difficulties. Situations that we rejected as long-term dif-
ficulty included normative or non-enduring situations such as the transition to middle 
school, puberty, and quarrels with siblings. The number of reported difficulties ranged 
from 0 to 10. To reduce the influence of extreme and rare scores, we grouped subjects 
into 4 categories: 0, 1, 2, or 3 or more long-term difficulties.

DRD4 genotyping 
At T1, DNA was extracted from blood samples or buccal swabs (Cytobrush®) using a 
manual salting out procedure (Miller, Dykes, & Polesky, 1988). The 48 bp direct repeat 
polymorphism in exon 3 of DRD4 was genotyped on the Illumina BeadStation 500 plat-
form (Illumina Inc., San Diego, CA, USA), described in detail elsewhere (Nederhof et al., 
2012). The genotyping assay was carried out in a CCKL quality-certified laboratory and 
has been validated in earlier tests. Three percent blanks as well as duplicates between 
plates were processed as quality controls during genotyping. Determination of the 
length of the alleles was performed by direct analysis on an automated capillary se-
quencer (ABI3730, Applied Biosystems, Nieuwerkerk, The Netherlands) using standard 
conditions. We formed two groups according to the presence of at least one 7R allele (1 
= 7R carrier; 0 = noncarrier).

Data analysis

Data preparation and preliminary analyses
For this study, our statistical analysis method required at least one value for each 
predictor on T1-T3 and at least T2 or T3 externalizing problems. Thus, we needed T2 
and/or T3 parent-reported and/or self-reported externalizing problems, T2 and/or T3 
chronic stressors, and T1 DRD4. Participants not from Dutch ancestry were excluded. Of 
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each sibling pair, we excluded one participant at random. We performed independent 
samples t-tests to check whether included and excluded subjects differed with respect 
to our study variables.

Main analyses
We computed Pearson’s correlation coefficients between the predictors and T2 and 
T3 externalizing problems. The possible presence of gene-environment correlations 
(i.e., DRD4 genotype is associated with exposure to chronic stressors) may drive gene-
environment interaction effects and therefore need to be ruled out.

We used Linear Mixed Modeling (LMM) to investigate the effects of chronic stressors, 
DRD4-7R, and their hypothesized interaction in predicting subsequent EXTadj. LMM al-
lows for missing data at different measurement waves, which is an important advantage 
for a longitudinal design (Kwok et al., 2008). Using PASW Statistics 18, we conducted 
LMM analyses (T2 and T3 in a single analysis), separately for parent-reported and self-
reported EXTadj. We included the independent variables of age (time-variant), sex (0 = 
female; 1 = male), initial EXTadj at T1, chronic stressors (time-variant), and DRD4-7R, 
as well as an interaction between chronic stressors and DRD4-7R. All non-dichotomous 
variables were centered prior to analysis. For interpretation of interaction effects we 
plotted EXTadj levels based on the estimated regression coefficients, for different levels 
of each predictor. We used the Maximum Likelihood estimation procedure and consid-
ered a p-value<.05 to be statistically significant.

For post-hoc probing of statistically significant interaction effects, we computed 
simple slopes, which reflect the slopes of regression lines in a plot, and regions of sig-
nificance, indicating the range of values of a predictor at which the interaction effect is 
statistically significant (Preacher, Curran, & Bauer, 2006). Regions of significance result 
from separate analyses that may produce values of a predictor that fall outside the true 
data range. To examine the potential influence of sex on significant interaction effects, 
we repeated our main analyses (in which we controlled only for a main effect of sex on 
EXTadj) by adding sex by DRD4-7R and sex by stressors interaction terms to the model, 
as has recently been recommended in the literature (Keller, 2014). If findings showed 
significant sex by predictor interaction effects, we tested for an additional three-way 
interaction effect of chronic stressors, DRD4-7R, and sex, in predicting EXTadj. To check 
the influence of adjusting externalizing problems for co-occurring internalizing prob-
lems, we repeated the analysis replacing the outcome variable EXTadj with EXT; that is, 
externalizing problems unadjusted for co-occurring internalizing problems.
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Results

Results of preliminary analyses

Three hundred and nine participants had missing data for both measurements of chronic 
stressors, and 137 for parent-reported as well as self-reported externalizing problems. 

Of the 1861 participants with available DRD4 data, those not from Dutch ancestry (n 
= 166) were excluded. Of the sibling pairs in the remaining groups, one of each was ex-
cluded (n = 22). Altogether, we excluded a total of 1152 participants (n = 1005 population 
cohort; n = 147 clinic-referred cohort) from this study, resulting in a final sample of 1621 
subjects (n = 1225 population cohort; n = 396 clinic-referred cohort). 

We compared the final study sample (mean age 11.09; SD 0.55; range 10.01-12.58; 52.2 
% boys; 75.6 % population cohort) with those who were not included. We found that 
participants were somewhat younger, t (2769) = -2.309, p = .021, and had higher T2 
chronic stressor levels, t (1570.583) = 2.248, p = .025. There were no significant differ-
ences between the groups with respect to sex, p = .69, DRD4-7R, p = .82, and parent- and 
self-reported externalizing problems, p = .54 and .25, respectively.

DRD4-7R and chronic stressors

Table 1 shows descriptive statistics of the final sample and Table 2 correlations between 
predictors and parent-reported and self-reported EXTadj. There was no indication 
of gene-environment correlations as DRD4-7R was not significantly associated with 
chronic stressors at T2 (r = -.03, p = .20) or T3 (r = .00, p = .88).

As shown in Table 3, parent-reported and self-reported EXTadj problems were signifi-
cantly predicted by a two-way interaction effect of chronic stressors and DRD4-7R (p = 
.023 and p = .024, respectively). We plotted the levels of EXTadj for low, average, high, and 
very high levels of the truncated chronic stressor variable (corresponding to 0, 1, 2, and 3 
or more long-term difficulties, respectively), separately for 7R carriers and noncarriers. 
Figure 1 shows that higher chronic stressor levels were related to higher EXTadj in 7R 
carriers, while EXTadj of noncarriers was stable across chronic stressor levels. 

Post-hoc probing of these interaction effects resulted in simple slopes and regions of 
significance. The increase in EXTadj with chronic stress level was statistically significant 
for 7R carriers, t (1557.022) = 3.85, p < .001 for parent-report, and t (1572.308) = 3.74, p 
< .001 for self-report, while the slope of EXTadj across chronic stress groups did not 
significantly differ from zero for noncarriers, t (1557.022) = 1.06, p = .29 for parent-report, 
and t (1572.308) = 1.41, p = .16 for self-report. 
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Table 1 Descriptive statistics of the variables used in this study

Variable Wave N        Mean           SD        Min        Max

Age T1 1621 11.09 0.55 10.01 12.58

T2 1620 13.35 0.61 11.58 15.08

T3 1576 16.14 0.68 14.42 18.48

Stressorsa T2 1587 1.27 1.50 0 10

T3 1458 1.34 1.57 0 10

CBCL EXTb T1 1573 6.03 5.12 0 31

T2 1586 4.62 4.84 0 29

T3 1451 4.46 5.12 0 34

YSR EXTb T1 1597 6.03 4.41 0 28

T2 1608 5.91 4.20 0 29

T3 1542 6.14 4.52 0 31

DRD4-7Rc 0 1052

1   569

CBCL = Child Behavior Checklist, YSR = Youth Self-Report, EXT = Externalizing problems (DSM-oriented subscales 
oppositional defiant problems and conduct problems), DRD4-7R = Dopamine D4 Receptor 7-repeat allele. 
aNumber of long-term difficulties experienced since previous measurement. 
bSum of 22 item scores for parent-report and 20 items for self-report; range per item 0-2.
cCoded as 0 = noncarrier; 1 = carrier.

Table 2 Correlation matrix of predictors and outcome variables, with parent-reported externalizing problems 
below and self-reported externalizing problems above diagonal

Self-report

Variables T2Stressors T3Stressors DRD4-7R Sex T2EXTadj T3EXTadj

T2Stressors 1 .57*** -.03 .05 .07** .06*

T3Stressors .57*** 1 .00 -.01 .06* .09***

DRD4-7R -.03 .00 1 .07** -.01 -.02

Sex .05 -.01 .07** 1 .12*** .16***

Parent-report

T2EXTadj .15*** .15*** -.03 .09*** .39*** .31***

T3EXTadj .13*** .13*** -.03 .12*** .30*** .46***

DRD4-7R = Dopamine D4 Receptor 7-repeat allele, EXTadj = Externalizing problems adjusted for co-occurring 
internalizing problems. DRD4-7R was coded as 0 = noncarrier; 1 = carrier. Sex was coded as 0 = female; 1 = male. 
***p < .001, **p < .01, *p < .05
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Regions of significance showed that the interaction effect between chronic stressors 
and DRD4-7R in predicting EXTadj was statistically significant below -1.34 and -0.32 
chronic stressors for parent-report and self-report, respectively, both non-existent 
values, and above 1.85 and 4.80 chronic stressors for parent-report and self-report, re-
spectively. We conclude that our findings apply to the upper end of the chronic stressor 
range, not to the lower end, and that the effect is stronger based on parent-report of 
externalizing problems than self-report.

Controlling for potential interaction effects of sex with chronic stressors or DRD4-7R, 
parent-reported and self-reported EXTadj problems were still significantly predicted by 

Table 3 The DRD4-7-repeat allele significantly interacted with chronic stressors level in predicting parent-reported 
and self-reported externalizing problems controlling for baseline externalizing problems

    Parent-reported EXTadj       Self-reported EXTadj

Parameter Estimatea SEa    p Estimatea SEa p

Interceptb 15.04 27.83 .59 -50.36 31.34 .11

Age 3.16 7.99 .69 -5.96 9.26 .52

Sex -15.42 35.72 .67 102.05 40.35 .012

T1 EXTadj 594.31 18.07 <.001 372.42 20.22 <.001

Stressors 11.92 16.81 .48 21.04 19.04 .27

DRD4-7R 22.29 36.80 .54 -14.54 40.93 .72

DRD4-7R*Stressors 65.18 28.65 .023 73.12 32.43 .024

EXTadj = Externalizing problems corrected for internalizing problems, DRD4-7R = Dopamine D4 Receptor 7-repeat 
allele. Variables were mean-centered except for DRD4-7R (0 = noncarrier; 1 = carrier) and sex (0 = female; 1 = 
male).
aValues multiplied by 1000 for ease of interpretation.
bParticipants varied significantly (p < .01) in intercept for parent-reported EXTadj, var(u0j) = 263.97a, chi-square(1) 
= 240.66, and self-reported EXTadj, var(u0j) = 316.20a, chi-square(1) = 207.23.

Figure 1 Adjusted externalizing problems reported by parents (left panel) and adolescents (right panel), plotted for 
different levels of chronic stressors, separately for DRD4-7R carriers and noncarriers
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a two-way interaction effect of chronic stressors and DRD4-7R, p = .037 and p = .029, 
respectively. In these models, sex did not interact with DRD4-7R in predicting parent-
reported or self-reported EXTadj, p = .52 and p = .24, respectively, nor with chronic stress-
ors in predicting self-reported EXTadj, p = .15. However, sex did significantly interact 
with chronic stressors in predicting parent-reported EXTadj, p = .017, which may explain 
why the interaction effect of chronic stressors and DRD4-7R was somewhat weaker 
compared to our main results. Visual inspection showed that the association between 
chronic stressor levels and EXTadj was stronger in 7R carriers than in noncarriers (both 
boys and girls), as in Figure 1, and stronger in boys than in girls (both 7R carriers and 
noncarriers). However, we found no evidence of a three-way interaction effect of chronic 
stressors, DRD4-7R, and sex, in predicting parent-reported or self-reported EXTadj, p = 
.61 and p = .25, respectively. These posthoc findings suggest that the association between 
chronic stressors level and EXTadj (at least parent-report) is moderated by DRD4-7R as 
well as by sex, but independent of each other.

Without adjusting externalizing for co-occurring internalizing problems, a two-way 
interaction effect of chronic stressors and DRD4-7R did not hold in predicting parent-
reported EXT, p = .16, but still significantly predicted self-reported EXT, p = .045. Visual 
inspection showed that the association between chronic stressor levels and parent-
reported EXT was strong overall with negligible differences between 7R carriers and 
noncarriers (albeit in the same direction as our main results). The association between 
chronic stressors level and self-reported EXT was similarly strong for 7R carriers but 
was attenuated in noncarriers, as in Figure 1 but less pronounced. This weakening of 
effects due to co-occurring internalizing problems may suggest that our main findings 
pertain especially to ‘pure’ externalizing problems and less to internalizing or comorbid 
externalizing and internalizing problems. 

These post-hoc analyses show the robustness and specificity of our main results. 
Tables and figures from these analyses are available upon request.

Discussion

This study aimed to contribute to the literature by examining whether DRD4-7R 
moderated the association between chronic stressors and externalizing problems. As 
hypothesized, higher chronic stressor levels were related to higher externalizing levels 
in 7R carriers but not in noncarriers, suggesting high vs. low sensitivity, respectively, to 
adverse environments. These results were consistent across informants and were not 
driven by adolescents’ gender. Although it has been posited that the 7R allele reflects 
sensitivity to adverse as well as to beneficial environmental influences on externalizing 
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problems (e.g., Bakermans-Kranenburg et al., 2008), this theory has received inconsis-
tent support in adolescence (cf. Beach et al., 2010; Creemers et al., 2011; Kretschmer et 
al., 2013; Marsman et al., 2013; Nederhof et al., 2012; Nikitopoulos et al., 2014; Richards 
et al., 2015; Sonuga-Barke et al., 2009). In particular, none of these prior studies have 
convincingly demonstrated sensitivity to environmental influences in the adverse range. 
The present study thus adds to the literature by showing this sensitivity to adverse 
circumstances, at least to chronic stressors.

Our results contrast with prior findings that DRD4-7R did not moderate the asso-
ciation between early family adversity (a relatively broad measure of environmental 
influence, as the one used in the present study), and adolescents’ symptoms of CD/ODD 
and psychopathy (Nikitopoulos et al., 2014). These findings were based on data from 
a parent-interview, conducted when participants were 3 months old, assessing which 
of eleven family adversity factors (e.g., low educational level, marital discord) were 
present in the year prior to the child’s birth. One obvious explanation for the difference 
in findings would be the early age at which the environmental influence was assessed 
and, consequently, the large amount of time and contextual influences that passed be-
tween assessments of the environmental predictor and the behavioral outcome (i.e., 15 
years), in contrast to our study, which assessed more recent environmental influences. 
However, given that the same study did show a moderating effect of DRD4-7R on the 
influence of laboratory-observed early maternal stimulation and responsiveness, also 
assessed at 3 months, we cannot conclude that DRD4-7R only moderates recent and not 
early environmental influences. The null finding may be due to prenatal family difficul-
ties that are resolved before birth or that do not have longlasting effects on children. 
Moderating effects of DRD4-7R may be easier to detect when focusing on ongoing or 
chronic environmental difficulties, which presumably have a major impact on sensitive 
individuals, taxing their ability to cope, but not on less sensitive individuals.

Other prior findings that the 7R allele did not moderate adverse environmental 
influences on adolescents’ externalizing problems came from our own research group 
(Creemers et al., 2011; Kretschmer et al., 2013; Marsman et al., 2013; Nederhof et al., 2012). 
These prior TRAILS findings have shown that the influences of parental rejection and 
overprotection, as perceived by preadolescents at T1 (mean age 11 yrs) on delinquency 
and aggression at T2 (mean age 13.5 yrs, combined parent-report and self-report, Mars-
man et al., 2013) and on substance use at T3 (mean age 16 yrs, self-report, Creemers et al., 
2011) were not moderated by DRD4-7R (7R carriers vs. noncarriers). Furthermore, the 
influence of parental separation, assessed at T1 and T3, on self-reported externalizing 
levels at T3 did not differ between 7R carriers vs. noncarriers (Nederhof et al., 2012). 
Finally, teacher-reported peer victimization at T2 did not influence self-reported delin-
quency at T4 (mean age 19 yrs) in 7R carriers, in contrast to 4R carriers (Kretschmer 



107

Dopamine Receptor D4 and chronic stressors

5

et al., 2013). These findings have led our colleagues to suggest that moderating effects 
of DRD4-7R on environmental influences on externalizing problems apply less to ado-
lescence than to childhood (Kretschmer et al., 2013; Marsman et al., 2013), less to peer 
influence than to other environmental factors (Kretschmer et al., 2013), or may differ 
according to the operationalization of externalizing problems (Creemers et al., 2011). 
Given that samples, age range, and genetic and outcome measures used in these studies 
partially overlap with ours, it is likely that our findings differ due to the way in which 
we have operationalized environmental adversity. Whereas some of the previously ad-
dressed adversities may be ongoing, as were the difficulties we have assessed, our study 
appears to stand alone in its measurement of chronic difficulties that collectively capture 
many different aspects of individuals’ lives (e.g., both family and peer contexts). Thus, 
our findings suggest that moderating effects of DRD4-7R on the association between 
adverse environmental influences and externalizing problems do extend to adolescence 
when focusing on chronic multi-context stressors. However, this finding will need to be 
replicated by future research.

Our study included a number of limitations. First, we collected parent-reports, not 
self-reports, of long-term difficulties because we assumed that parents are better and 
more stable judges of the difficulties that put chronic strain on family life. The stressors 
we examined included issues such as chronic housing problems and neighborhood 
problems. Such factors may be less stressful for adolescents than parents assume. On 
the other hand, parents may not have full insight into the other chronic stressors we 
measured, such as bullying, that weigh heavily on adolescents’ life. Although shared 
method variance may strengthen the interaction effect between chronic stressors and 
the 7-repeat allele in predicting externalizing problems reported by parents, it does 
not explain our similar findings on self-reported externalizing problems. Second, we 
focused on chronic adversities and did not study sensitivity to positive chronic condi-
tions. A formal test of Differential Susceptibility includes both beneficial and adverse 
aspects of the environment, while we have only addressed the latter Diathesis-Stress 
model. Although sensitivity to beneficial environmental influences has been examined 
relatively frequently in relation to DRD4-7R, as outlined in the introduction, it would 
have complemented our findings nonetheless, had we been able to incorporate this. 

Strengths of the study include the large sample of longitudinal, multi-informant data 
from pre-adolescence well into adolescence, large inter-individual differences in levels 
of externalizing problems and chronic stressors, and the use of Linear Mixed Modeling 
that allowed for optimal use of all available data from multiple measurements. 

In sum, whereas previous studies on DRD4-7R as a moderator of environmental influ-
ences on adolescents’ externalizing problems have not convincingly demonstrated sen-
sitivity to environmental influences in the adverse range, we were able to do so by focus-
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ing on chronic multi-context stressors. Our finding that higher levels of chronic stressors 
were associated with higher externalizing levels in 7R carriers but not in noncarriers 
suggests high vs. low sensitivity, respectively, to adverse environments. We encourage 
further studies of environmental influences that reflect multiple adverse aspects across 
multiple environmental domains (e.g., family, peers, school, and neighborhood).
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The aim of this PhD thesis was to further our understanding of individual differences in 
the stressors- psychopathology association by longitudinally examining potential mod-
erator effects of three biological factors: basal cortisol level upon waking, resting HR, 
and the DRD4-7R allele; all assessed at baseline, when participants were on average 11 
years old. In this final chapter, we summarize our results and discuss their relationship 
to previous findings, as well as their theoretical implications. Finally, we provide some 
important methodological considerations as well as directions for future research. 

Summary of the main results

In Chapters 2 and 3, we investigated moderator effects of basal cortisol level upon wak-
ing in relation to internalizing and externalizing mental health problems, combined and 
separately, in the face of two distinct types of stressors: the transition to middle school 
(Chapter 2) and chronic stressors (Chapter 3). In Chapter 2, basal cortisol level upon 
waking moderated the association between adolescents’ experience of the transition to 
middle school and change in mental health problems. This effect was similar for both 
externalizing and internalizing problems. We showed that an ambivalent or negative 
transition experience predicted a rise in mental health problems, but only in adolescents 
with high basal cortisol level upon waking, not in adolescents with low basal cortisol 
level upon waking. A positive experience did not predict any change in mental health 
problems.

In Chapter 3, we examined whether the effect of basal cortisol level upon waking 
on the association between chronic stressors and mental health problems depended 
on individual differences in general vulnerability, as indexed by parental psychiatric 
history. We found a complex interaction between basal cortisol level upon waking and 
parental psychiatric history severity with chronic stressors in predicting mental health 
problems, with different results for externalizing and internalizing problems. Low basal 
cortisol level upon waking combined with the absence of a parental psychiatric history 
increased the risk of externalizing but not internalizing problems following chronic 
stressors. Conversely, low basal cortisol level upon waking combined with a parental 
psychiatric history increased the risk of internalizing but not externalizing problems 
following chronic stressors. High or average basal cortisol level upon waking combined 
with a parental psychiatric history increased the risk of parent-reported externalizing 
and internalizing problems but not self-reported problems, whereas, in the absence of a 
parental psychiatric history, higher levels of chronic stressors predicted higher parent-
reported and self-reported internalizing but not externalizing problems. In contrast to 
our focus on both externalizing and internalizing problems in Chapters 2 and 3 on basal 
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cortisol level, our focus in Chapters 4 and 5, on resting HR and DRD4-7R, respectively, was 
only on externalizing problems, in line with the literature (see General introduction). 

In Chapter 4, we investigated whether the effect of resting HR on the association be-
tween chronic stressors and externalizing problems depended on individual differences 
in vulnerability, again as indexed by parental psychiatric history. Results were in line 
with our hypotheses that the association between chronic stressors and externalizing 
problems would be strong in adolescents with high resting HR but weak in those with 
low resting HR, and that this moderating effect of resting HR would manifest to a greater 
degree in vulnerable individuals.

In Chapter 5, we investigated whether DRD4-7R moderated the association between 
chronic stressors and externalizing problems. We found that higher levels of chronic 
stressors were related to higher externalizing levels in DRD4-7R carriers but not in 
noncarriers. 

Previous findings

At the outset of the four empirical studies described in this thesis, the main expecta-
tions had been that low basal cortisol level upon waking, low resting HR, and absence 
of DRD4-7R would be indicative of low sensitivity to the environment; and that high 
basal cortisol level upon waking, high resting HR, and presence of DRD4-7R would be 
indicative of high sensitivity to the environment.

With respect to basal cortisol, our expectation was primarily based on a prior study 
(Shirtcliff & Essex, 2008), which demonstrated that a rise in mental health problems 
(severity of internalizing and externalizing problems combined) across the transition 
to middle school was predicted by high but not low basal cortisol level, suggesting high 
and low sensitivity, respectively. However, it is difficult to interpret these findings as 
evidence of a moderating role of basal cortisol level on the stressor-psychopathology as-
sociation because the researchers did not examine how the transition was experienced. 
Since the entire sample was exposed to the transition, it is unknown whether observed 
changes in mental health problems are actually related to the transition. Consequently, 
the Shirtcliff et al. design only allowed the researchers to study a main effect of basal 
cortisol level but not an interaction effect with the transition to middle school, and did 
not allow this transition to be interpreted as a stressor.

We extended the Shirtcliff et al. study by taking into account adolescents’ perception 
of the transition. We found an interaction effect, indicating that basal cortisol level was 
only relevant for participants reporting a negative (i.e., unpleasant, not enjoyable) or 
ambivalent transition experience. Among these adolescents, an increase in mental health 
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problems was predicted by high but not by low basal cortisol upon waking, suggesting 
high and low sensitivity, respectively, in line with our expectation. A positive transition 
experience, in contrast, did not predict any change in mental health problems, regard-
less of basal cortisol level upon waking. Thus, our study provides support for Shirtcliff et 
al.’s original hypothesis that basal cortisol level reflects sensitivity to the environment. 
Furthermore, our findings suggest that the perception of the transition rather than the 
transition itself affects mental health, and that effects are restricted to experiences that 
yield psychological stress. Potentially, Shirtcliff et al. could have found stronger associa-
tions, had they assessed individual differences in perceived impact or stressfulness of 
the transition to middle school. 

However, in our discussion of basal cortisol level upon waking and chronic stressors 
in Chapter 3, we concluded that the premise that basal cortisol level indicates sensitivity 
to the environment may be premature or at least too simplistic. The findings in Chapter 
3 are difficult to interpret, in general and with respect to theory and prior findings, but 
suggest that the role of basal cortisol level depends on individual differences in general 
vulnerability, as indexed by parental psychiatric history, and on the outcome of interest 
(i.e., different for internalizing and externalizing problems). In Chapter 3, we speculated 
that the association of high sensitivity with high cortisol described in the literature 
relates more to cortisol reactivity and less to basal cortisol levels, or that the present 
findings may be valid but appear unusual because of a publication bias in the basal corti-
sol literature. However, both explanations seem unlikely given that our findings relating 
to a negatively perceived transition to middle school, reported in Chapter 2, did provide 
support for basal cortisol level reflecting sensitivity.

A more likely explanation for our conflicting findings on basal cortisol upon waking 
level lies in the focus on a specific, normative, change in environment (Chapter 2) versus 
multi-context chronic stressors (Chapter 3). That is, the influence of basal cortisol level 
on the stressors-psychopathology association may depend on stressor quantity (e.g., 
single stressor, cumulative index), type (e.g., event, situation, transition), and / or dura-
tion (acute vs. chronic). 

For example, the experience of stressors may initially cause increased activity of the 
stress system, but decreased activity over time (e.g., Ruttle et al., 2011). This downregula-
tion is a protective measure of the body against the negative health effects of excessive 
cortisol production. We speculated in Chapter 3 that in individuals with low levels of 
mental health problems in the context of chronic stressors, low basal cortisol level may 
represent low sensitivity, while in other, more sensitive individuals, basal cortisol level 
may have been down-regulated following long-lasting stressor exposure and may have 
been high in the past, in the early phase of exposure to stressors. Although we lacked the 
data to test this specific post-hoc hypothesis, it is plausible that individual differences in 
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exposure to chronic stressors may complicate the interpretation of basal cortisol level as 
indicative of either high or low sensitivity. 

Apart from the established down-regulating effect of ongoing stressor exposure on 
the HPA- axis and cortisol measures (e.g., Ruttle et al., 2011), chronicity of internalizing 
problems appears to have the same influence, given recent TRAILS findings that recent-
onset depressive symptoms predicted increased cortisol reactivity to psychosocial 
stressors whereas chronic depressive symptoms predicted blunted cortisol reactivity 
(Booij, Bouma, De Jonge, Ormel, & Oldehinkel, 2013). Studies with long-term repeated 
measures of basal cortisol level are rare and have not yet resulted in a complete under-
standing of its normative developmental course. Most of these studies have focused on 
high-risk samples or environments, complicating the generalizability of findings to the 
general population. For example, in a sample of children (mean age 4 yrs at T1 and 10 
yrs at T29) from low-income families, some in foster care, basal morning cortisol levels 
had decreased slightly over time (Laurent, Gilliam, Wright, & Fisher, 2015). One study on 
basal cortisol levels in abuse victims also reported on the developmental course in the 
control group (mean age 11 yrs at T1 and 24 yrs at T6); basal morning cortisol levels had 
steadily increased from middle childhood to early adolescence, followed by a leveling 
off (Trickett, Noll, Susman, Shenk, & Putnam, 2010). Given that the complete sample was 
female, the developmental course may or may not be different for males.

Taken together, as a moderator of the stressors-psychopathology association, basal 
cortisol level may depend on individual differences in general vulnerability; on stressor 
qualities, including duration of stressor exposure; and on type (e.g., internalizing vs. ex-
ternalizing problems) and duration of mental health problems. In all, this is a tall order, 
and it is probably unrealistic to assume that we will soon understand how basal cortisol 
level relates to psychopathology.

Regarding resting HR, we had posited resting HR to be a potential marker of sensitivity 
based on findings that pre-adolescents with high resting HR were positively affected 
by beneficial environmental influences (Stadler et al., 2008) but negatively by adverse 
influences (Oldehinkel, Verhulst, & Ormel, 2008), whereas those with low resting HR 
were unaffected by both. Our findings (Chapter 4) show that higher levels of chronic 
stressors predicted higher parent-reported externalizing levels in vulnerable individuals 
with average or high HR but not in those with low resting HR, suggestive of high vs. low 
sensitivity, respectively. Our results contrast with prior findings that the combination of 
low resting HR and environmental risk factors resulted in increased risk of externalizing 
problems, which suggested that effects of risk factors on externalizing problems may 
accumulate (Raine, 2002; Scarpa, Tanaka, & Haden, 2008). Possibly, these prior findings 
pertain predominantly to samples with low general vulnerability. Our study additionally 
extended findings from a prior TRAILS study (Oldehinkel et al., 2008) that demonstrated 
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a stress-buffering effect of low resting HR, by showing that this effect continues into 
adolescence, is more pronounced in individuals with more severe parental psychiatric 
history, and is rather consistent across various operationalizations of mental health 
problems.

With respect to the latter, the original report of a stressor-buffering effect of low rest-
ing HR (Oldehinkel et al., 2008) focused on principal components of problem severity and 
direction (internalizing vs. externalizing), extracted from multi-informant (adolescent, 
parent, and teacher) data and separated from context and perspective components (also 
see Noordhof, Oldehinkel, Verhulst, & Ormel, 2008). An interaction effect of resting HR 
and chronic stressors predicted severity but not direction of mental health problems. 
In Chapter 4, despite our different methodological approach, we captured a similar 
stressor-buffering effect of low resting HR on parent-reported externalizing problems, 
whether or not adjusted for co-occurring internalizing problems.

On the genetic level, the notion that DRD4-7R reflects sensitivity for better and for 
worse has received inconsistent support in adolescence (cf. Beach, Brody, Lei, & Phi-
libert, 2010; Creemers et al., 2011; Kretschmer, Dijkstra, Ormel, Verhulst, & Veenstra, 
2013; Marsman, Oldehinkel, Ormel, & Buitelaar, 2013; Nederhof, Belsky, Ormel, & Old-
ehinkel, 2012; Nikitopoulos et al., 2014; Richards et al., 2015; Sonuga-Barke et al., 2009). 
In particular, none of these prior studies have actually demonstrated individual differ-
ences in sensitivity to the detrimental effects of adverse environmental influences. We 
contributed to the literature by showing this sensitivity to adverse circumstances, at 
least to chronic stressors. By investigating chronic stressors that collectively capture 
all aspects of individuals’ lives (e.g., both family and peer contexts), which presumably 
have a major impact on sensitive individuals, taxing their ability to cope, but not on less 
sensitive individuals, we were able to capture individual differences in sensitivity to the 
environment reflected by DRD4-7R. Specifically, our finding that higher levels of chronic 
stressors predicted higher externalizing problem levels in DRD4-7R carriers but not in 
noncarriers suggests high vs. low sensitivity, respectively, to adverse environments.

Our results contrast with prior findings relating to adverse environmental influences 
(i.e., early family adversity, perceived parental rejection or overprotection, maternal 
expressed criticism, peer victimization, parental separation), showing no difference in 
externalizing problems between DRD4-7R carriers and noncarriers (Creemers et al., 
2011; Kretschmer et al., 2013; Marsman et al., 2013; Nederhof et al., 2012; Nikitopoulos et 
al., 2014; Richards et al., 2015; Sonuga-Barke et al., 2009).

One study that used a relatively broad measure of environmental influence, as was 
our measure of chronic stressors, found that DRD4-7R did not moderate the association 
between early family adversity and adolescents’ symptoms of CD/ODD and psychopathy 
in adolescence (Nikitopoulos et al., 2014). These findings were based on data from a 
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parent-interview, conducted when participants were 3 months old, assessing which of 
eleven family adversity factors (e.g., low educational level, marital discord) were pres-
ent in the year prior to the child’s birth. One obvious explanation for the difference in 
findings would be the early age at which the environmental influence was assessed and, 
consequently, the large amount of time and contextual influences that passed between 
assessments of the environmental predictor and the behavioral outcome (i.e., 15 years); 
in contrast to our study, which assessed more recent environmental influences. However, 
given that the same study did show a moderating effect of DRD4-7R on the influence 
of laboratory-observed early maternal stimulation and responsiveness, also assessed 
at 3 months, we cannot conclude that DRD4-7R only moderates recent and not early 
environmental influences. Possibly, the focus on prenatal family adversity accounted for 
the null finding. Moreover, moderating effects of DRD4-7R may be easier to detect when 
focusing on environmental influences that are chronic or ongoing, rather than influences 
that do not longer exist at the time of behavioral assessment.

Contrasting findings from our research group have shown that the influences of 
parental rejection and overprotection, as perceived by preadolescents at T1 (mean 
age 11 yrs) on delinquency and aggression at T2 (mean age 13.5 yrs, combined parent-
report and self-report, Marsman et al., 2013) and on substance use at T3 (mean age 16 
yrs, self-report, Creemers et al., 2011) were not moderated by DRD4-7R (7R carriers vs. 
noncarriers). Furthermore, the influence of parental separation, assessed at T1 and T3, 
on self-reported externalizing levels at T3 did not differ between 7R carriers vs. noncar-
riers (Nederhof et al., 2012). Finally, teacher-reported peer victimization at T2 did not 
influence self-reported delinquency at T4 (mean age 19 yrs) in 7R carriers, in contrast to 
4R carriers (Kretschmer et al., 2013). These findings have led our colleagues to suggest 
that moderating effects of DRD4-7R on environmental influences on externalizing prob-
lems apply less to adolescence than to childhood (Kretschmer et al., 2013; Marsman et al., 
2013), less to peer influence than to other environmental factors (Kretschmer et al., 2013), 
or may differ according to the operationalization of externalizing problems (Creemers et 
al., 2011). Given that samples, age range, and genetic and outcome measures used in these 
studies partially overlap with ours, our different findings likely lie in the way we have 
operationalized environmental adversity. Whereas some of the previously addressed 
adversities may be ongoing, as were the difficulties we have assessed, our study appears 
to stand alone in its measurement of chronic and multi-context difficulties. Thus, our 
findings suggest that moderating effects of DRD4-7R on the association between adverse 
environmental influences and externalizing problems do extend to adolescence when 
focusing on chronic multi-context stressors. However, this novel finding will need to be 
replicated by future research.
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Whereas the findings in Chapter 2 suggest that individual differences in sensitivity as 
reflected by basal cortisol upon waking may apply more to adverse than to beneficial 
environmental influences, Chapters 3-5 do not allow for an interpretation in terms of 
sensitivity for better and for worse. That is, rather than performing a formal test of 
Differential Susceptibility, which includes both beneficial and adverse aspects of the en-
vironment, we have only addressed the latter (i.e., chronic stressors), which constitutes 
a Diathesis-Stress model. Therefore, our findings do not show whether or not resting HR 
and DRD4-7R also reflect individual differences in sensitivity to the positive effects of 
beneficial environmental influences.

In sum, with regard to our main expectation that low basal cortisol level upon waking, 
low resting HR, and absence of DRD4-7R would be indicative of low sensitivity and that 
high basal cortisol level upon waking, high resting HR, and presence of DRD4-7R would 
be indicative of high sensitivity, we have provided mixed findings on basal cortisol level 
upon waking (Chapters 2 vs. 3) and supporting evidence regarding resting HR (Chapter 
4) and DRD4-7R (Chapter 5). As suggested by the founders of Biological Sensitivity to 
Context and Differential Susceptibility theories, markers of sensitivity found on differ-
ent levels (e.g. neuroendocrine, genetic) may reflect a common sensitive endophenotype 
(Ellis, Boyce, Belsky, Bakermans-Kranenburg, & Van IJzendoorn, 2011). However, in our 
sample, absent or very weak correlations between resting HR and DRD4-7R (r = -.01, p 
= .75), basal cortisol level upon waking and DRD4-7R (r = .04, p = .13), and resting HR 
and basal cortisol level upon waking (r = .06, p = .013) suggest either that there is no 
common sensitive endophenotype or that resting HR, DRD4-7R, and / or basal cortisol 
level upon waking do not (or only minimally) mark this sensitivity. At present, it is too 
early to confirm or dismiss the existence of a common sensitive endophenotype. At the 
least, our findings suggest that a common sensitive endophenotype, if present, may be 
difficult to detect. 

In addition, our findings may explain, at least in part, the difficulty in detecting con-
sistent main effects of basal cortisol level on internalizing and externalizing problems 
(e.g., Adam, Sutton, Doane, & Mineka, 2008; Alink et al., 2008; Dietrich et al., 2013; Hart-
man, Hermanns, De Jong, & Ormel, 2013; Knorr, Vinberg, Kessing, & Wetterslev, 2010), 
and of DRD4-7R on externalizing problems (Creemers et al., 2011; Kluger, Siegfried, & 
Ebstein, 2002; Luciano et al., 2004; Munafo, Yalcin, Willis-Owen, & Flint, 2008; Nederhof, 
Creemers, Huizink, Ormel, & Oldehinkel, 2011; Oak, Oldenhof, & Van Tol, 2000; Paterson, 
Sunohara, & Kennedy, 1999). While low resting HR is a well-established risk factor of 
externalizing problems, findings of high resting HR in relation to internalizing problems 
have been mixed (see Dietrich et al., 2009, for an overview), as well as findings of a bio-
social interaction effect between resting HR and social risk factors (cf. Oldehinkel et al., 
2008; Raine, 2002; Scarpa et al., 2008). 
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Limitations

It is important to discuss four limitations of our studies, as well as several strengths. 
First, both school transition ratings and chronic stressors levels were not derived from 
previously validated measures. The integration of prior stressors-psychopathology find-
ings has been problematic due to great variability in both conceptualization and mea-
surement of stressors (Grant et al. 2004). This PhD thesis may seem to make things worse 
by using yet another measure. However, at the time of the start of our study, a validated 
and developmentally sensitive measure of ongoing difficulties in adolescence was not 
available. We do not suggest generalizability of our findings to ‘stressors’ in general, nor 
to acute or specific stressful events. We collected parent-reports of long-term difficulties 
because we assume that parents are better and more stable judges of the difficulties 
that put chronic strain on family life. Still, rater bias may have led to underestimations of 
chronic stressors level (Chapters 3-5). With respect to the transition to middle school, our 
measure of transition experience was derived from just two items. In a multidisciplinary 
and longitudinal survey such as TRAILS, the range of predictor variables and outcome 
domains on which data is collected is broad, unfortunately sometimes at the expense of 
depth or detail. Collecting in-depth measures are not always possible due to financial 
and practical constraints, such as limited time and risk of increased dropout due to plac-
ing heavy demands on research participants. Still, our findings in Chapter 2 show that 
even with two items, we could differentiate positive from negative experiences.

Second, again due to financial constraints and risk of overdemanding research par-
ticipants, basal cortisol level upon waking (Chapters 2 and 3) was assessed only once. 
Although recent evidence shows that single-day basal cortisol level is informative with 
respect to trait influences (Kertes & Van Dulmen, 2012), sampling of basal cortisol levels 
for a number of consecutive days would have enabled us to more reliably assess stable 
trait influence (Hellhammer et al., 2007). Note that an underestimation of trait influ-
ence on basal cortisol level upon waking likely resulted in an underestimation of effects, 
rather than an overestimation. On a related note, we lack longitudinal cortisol data to 
test our posthoc hypothesis that cortisol downregulation following prolonged chronic 
stressors exposure may account for our conflicting findings on basal cortisol level as a 
marker of sensitivity. Specifically, whether individuals with high chronic stressors levels 
and low basal cortisol levels may have had high basal cortisol levels in the past remains 
currently unknown. Future research that conducts multiple assessments of basal cortisol 
level over time may establish how individual basal cortisol levels are affected by recent-
onset versus life-long chronic stressors. Although resting HR (Chapters 4 and 5) was also 
measured only once, prior research has demonstrated good test-retest reliability across 
a 2-week period (Dietrich et al., 2010), suggesting that resting HR, compared to basal 
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cortisol level, is less likely to fluctuate with (subtle) daily situational changes. However, 
long-term alterations like those referred to with regard to cortisol are unknown.

Third, the parental psychiatric history data (Chapters 3 and 4) do not reflect clinical 
diagnoses. Employing the gold standard, comprehensive diagnostic interviews with both 
parents, was likewise not possible due to financial constraints. We focused on lifetime 
disorders that had involved a professional, such as a psychiatrist, clinical psychologist, 
general practitioner, or law enforcement. Although this method enabled a reliable iden-
tification of parents with a history of psychopathology (i.e., less false positives), it may 
have led to underestimations in individuals with mild parental psychiatric problems. 
Furthermore, relying on one parent to describe the other parent’s psychiatric his-
tory may also have resulted in underestimations of participants’ parental history. Thus, 
potential bias in our parental history data may have led to underestimation of effects, 
rather than overestimation.

Finally, since both transition experience and chronic stressors were based on single-
informant data, shared method variance may have inflated associations between tran-
sition experience and self-reported mental health problems (Chapter 2) and between 
chronic stressors and parent-reported mental health problems (Chapters 3-5). Results 
on mental health problem data provided by the other informant led to the same con-
clusion in Chapters 2, 3, and 5. In Chapter 4, we found a significant interaction effect 
between parental psychiatric history, resting HR, and chronic stressors in predicting 
parent-reported but not self-reported externalizing problems. However, shared method 
variance typically has less impact on interaction effects than on main effects. 

Strengths of the study include the large sample of longitudinal, multi-informant men-
tal health problems data from preadolescence well into adolescence and large interin-
dividual differences in externalizing and internalizing problem levels, school transition 
experience, and chronic stressors exposure.

Future research

The often expressed wish to understand the substantial individual variation in mental 
health problems following exposure to stressors (Jenkins, 2008; Rutter, 2005) has re-
sulted in an abundance of studies on factors that potentially influence or explain adoles-
cents’ mental health problems following specific, cumulative and / or chronic stressors. 
A set of four articles, in which this literature has been comprehensively reviewed (Grant 
et al., 2003; McMahon, Grant, Compas, Thurm, & Ey, 2003; Grant, Compas, Thurm, McMa-
hon, & Gipson, 2004; Grant et al., 2006), demonstrated large variance in the stressors-
psychopathology association strength across studies and generally inconsistent findings 
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of moderator effects. The majority of studies reviewed were not based on previously 
validated stressor measures (Grant et al., 2004). Therefore, part of the inconsistencies 
and cross-study variance may be due to between-study differences in conceptualization 
(e.g., objective versus subjective stressors; definition of populations of events and dif-
ficulties to be included), reliability, and validity of the stressor measures. 

Subjective ratings may be especially important in studying normative but potentially 
stressful events or transitions. In studies aimed at identifying mechanisms of risk or 
resilience in normative events that are only stressful for a subgroup of individuals, 
neglecting individuals’ perception may result in failure to detect important associa-
tions. We recommend studies on long-term effects of other transitions and how they are 
perceived—for example, school entry in preschoolers or labor market entry in young 
adults—in relation to mental health problems and basal cortisol. However, subjective 
measures have a disadvantage, in that they may be confounded by potential moderators, 
such as coping skills or personality, and by the outcome, the so-called effort after mean-
ing effect (e.g., Brown, 2002). To some extent, the latter phenomenon may be ameliorated 
by, beforehand, measuring an individual’s anticipation of how stressful the transition 
or event will be. Note that this is only feasible with regard to normative events and not 
to stressors that are not “planned.” Also for non-normative life events it holds that the 
subjective experience may diverge widely.

In the case that the degree of stressfulness (i.e., objective threat) of events or situa-
tions is dependent on specific circumstances, failing to assess those circumstances may 
cloud the stressors- psychopathology association. For example, focusing on offspring 
mental health problems in relation to parental divorce, without considering the degree 
of marital and peri- divorce conflict, important moderators (Amato, Loomis, & Booth, 
1995; Davidson, O’Hara, & Beck, 2014; Goeke-Morey, Cummings, & Papp, 2007) will 
introduce an unknown portion of variance that reflects characteristics of the divorce 
or the parents, rather than vulnerability or resilience characteristics of the child, thus 
obscuring the stressors- psychopathology association. It is therefore important to take 
into account the specific circumstances that influence the degree of stressfulness (Grant 
et al., 2003). An alternative approach is to focus directly on these circumstances, rather 
than on the events that they surround. In the general introduction of this thesis, we have 
suggested that a focus on the effects of chronic, multi-context, stressors may capture 
individual differences in outcome that would be missed when focusing solely on life 
events. In Chapters 3, 4, and 5, the association between chronic stressors and mental 
health problems over time was evident, in line with the literature (Grant et al. 2004). 

Effect sizes of the biological measures investigated in this thesis were small. It seems 
unlikely that basal cortisol level, even when measured across multiple days, will ever 
be useable in the reliable identification of at-risk or sensitive individuals. Namely, even 
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when the numerous within-the-day and day-to-day influences are taken into account, 
cortisol levels may reflect either recent-onset or chronic stressor exposure (e.g., Ruttle 
et al., 2011), recent-onset or chronic internalizing problems (Booij et al., 2013), and, possi-
bly, other influential factors that have not yet been identified. This suggests that cortisol 
levels, stressor levels, and mental health problems would have to be repeatedly assessed 
over a significant time period before any meaningful interpretation is possible. If only 
for the major costs and complexity of such work, it is unlikely that basal cortisol level 
will prove to have advantages, in terms of clinical relevance or practical use, over current 
methods of identifying at-risk individuals through questionnaires and individual inter-
views. We conclude that the relative instability of individuals’ basal cortisol level over 
time and our currently limited knowledge and understanding of its dependency upon 
other factors disqualifies basal cortisol level as potentially useful to clinical practice as a 
marker of risk or resilience.

Despite small effect sizes, we encourage additional research on resting HR and 
DRD4-7R as moderators of the stressors-psychopathology association and as potential 
markers of sensitivity to environmental influences. Given the well-established finding 
that individuals with low resting HR are at increased risk of externalizing problems, the 
possibility that the same individuals are not or hardly affected by stressors is intriguing 
and consistent with the modern view of risk as one side of a coin, as in the Differential 
Susceptibility framework. The two studies that have demonstrated a stress-buffering 
effect of low resting HR (Chapter 4 and Oldehinkel et al., 2008) were based on partially 
overlapping samples and measures. Hence, to rule out the possibility that this effect 
is specific to TRAILS data, we encourage replication studies. Few studies have tested 
for interaction effects of resting HR with environmental factors, even though interac-
tion effects may explain additional variance in externalizing problems aside from the 
rather consistent main effect of low resting HR, and may perhaps explain some of the 
inconsistencies in prior findings of high resting HR in relation to internalizing problems 
(see Dietrich et al., 2009, for an overview). 

Future research may demonstrate whether our findings on resting HR and DRD4-7R 
extend to a broader range of adverse environmental influences or are rather specific to 
chronic psychosocial stressors, and whether our findings extend to beneficial influences.

Conclusion

With the studies presented here, we have answered to calls for theory-based research 
of biological factors as potential moderators of the stressors-psychopathology associa-
tion over time. We have demonstrated that resting HR, DRD4-7R, and basal cortisol level 
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upon waking, potentially reflective of sensitivity to the environment, all significantly 
moderated the association between stressors and mental health problems, although 
findings on basal cortisol were mixed. We also demonstrated that moderating effects of 
basal cortisol level upon waking and resting HR were dependent on parental psychiatric 
history, a presumed proxy for general vulnerability in offspring. However, effects were 
small and not always consistent with the sensitivity hypothesis. Therefore, it is difficult 
to imagine that single measures such as basal cortisol level, resting HR, or genetic poly-
morphisms will someday be useful to clinical practice in terms of risk assessment or in 
determining treatment course. The stressors-psychopathology association is likely influ-
enced by a large network of interacting factors. Investigating combinations of previously 
established effects of risk and resilience may increase the amount of explained variance 
and may thus further enhance our understanding of the stressors-psychopathology as-
sociation.
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Achtergrond

Blootstelling aan stressoren is een bekende risicofactor voor psychopathologie, zowel 
voor gedragsproblemen (externaliserend) als stemmingsproblemen en angst (inter-
naliserend). Er zijn echter grote individuele verschillen in uitkomst. Het doel van dit 
proefschrift was bijdragen aan een beter begrip van deze verschillen.

Het onderzoek was gericht op adolescenten. De adolescentie is een belangrijke ont-
wikkelingsperiode voor het bestuderen van de relatie tussen stressoren en psychopa-
thologie vanwege de drastische biologische, psychologische en sociale veranderingen 
in deze periode en de uitgesproken toename in prevalentie van zowel psychopathologie 
als stressoren. Vooral het effect van chronische stressoren is onderzocht, dat wil zeggen, 
langdurig stressvolle situaties zoals langdurige ziekte van de adolescent of een gezinslid, 
financiële problemen binnen het gezin, gepest worden en betrokkenheid bij slepende 
conflicten. De prevalentie van dergelijke chronische, psychosociale stressoren neemt 
gedurende de adolescentie toe. 

De aanzienlijke individuele variatie in psychopathologie na blootstelling aan stres-
soren suggereert dat er moderatoren in het spel zijn: factoren die verhoogd of verlaagd 
risico (kwetsbaarheid of weerbaarheid) reflecteren door de richting of kracht van een 
associatie te veranderen. Centraal in dit proefschrift staan drie specifieke biologische 
moderatoren die mogelijk de uitkomst na blootstelling aan stressoren gunstig of ongun-
stig beïnvloeden: basaal cortisolniveau (in rust) gemeten direct na ontwaken, hartslag 
in rust en het Dopamine D4 Receptor 7-repeat allel (DRD4-7R). We hebben onderzocht 
of deze biologische variabelen bijdragen aan een beter begrip van externaliserende en 
internaliserende problemen na blootstelling aan stressoren.

Gebruikte data

De artikelen in dit proefschrift zijn gebaseerd op data van TRAILS (TRacking Adolescents’ 
Individual Lives Survey), een Nederlandse cohortstudie. Het doel van TRAILS is bijdragen 
aan het begrip van het ontstaan en verloop van psychopathologie door de 10-12 jarige 
deelnemers en hun omgeving te volgen tot in de volwassenheid. In dit proefschrift is 
gebruik gemaakt van data van zowel het populatiecohort (n = 2230) als het parallello-
pende klinische cohort (n = 543) en van de eerste drie meetgolven (T1, T2 en T3), waarop 
deelnemers gemiddeld 11, 13.5 en 16 jaar oud waren. 

Zowel op T2 als T3 hebben we de adolescenten een aantal langdurig stressvolle 
situaties voorgelegd met de vraag welke ze hadden meegemaakt in de tijd sinds de 
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laatste meting. Het totale aantal werd gebruikt als maat voor het niveau van chronische 
stressoren. Naast deze algemene focus op chronische stressoren is één van de studies 
gebaseerd op een gebeurtenis die (vrijwel) alle TRAILS deelnemers meemaakten tussen 
T1 en T2: de overgang naar de middelbare school. Omdat deze overgang voor sommigen 
een stressvolle gebeurtenis is maar voor anderen een positieve uitdaging, hebben we de 
ervaring van de adolescent (hoe positief of negatief de overgang was, gerapporteerd op 
T2) genomen als maat voor gunstige dan wel ongunstige omgevingsinvloed. 

Basaal cortisolniveau na ontwaken, hartslag in rust en DRD4-7R zijn gemeten op T1. De 
overkoepelende verwachting was dat een laag basaal cortisolniveau na ontwaken, lage 
hartslag in rust en afwezigheid van DRD4-7R indicatief zouden zijn voor een lage gevoe-
ligheid voor (ongunstige) omgevingsinvloeden en dat een hoog basaal cortisolniveau 
na ontwaken, hoge hartslag in rust en aanwezigheid van DRD4-7R indicatief zouden zijn 
voor een hoge gevoeligheid voor (ongunstige) omgevingsinvloeden. Omdat het effect 
van deze biologische factoren mogelijk vooral tot uiting zou komen bij adolescenten 
met een relatief hoge algemene kwetsbaarheid hebben we als index van deze algemene 
kwetsbaarheid de psychiatrische voorgeschiedenis van de ouders gemeten, zowel op T1 
als T3 om de betrouwbaarheid te maximaliseren.

Voornaamste bevindingen

In hoofdstuk 2 en 3 hebben we moderatoreffecten van basaal cortisolniveau na ontwa-
ken onderzocht in relatie tot internaliserende en externaliserende problemen, gecom-
bineerd en apart, na blootstelling aan twee verschillende typen stressor: de overgang 
naar de middelbare school (Hoofdstuk 2) en chronische stressoren (Hoofdstuk 3). In 
Hoofdstuk 2 modereerde basaal cortisolniveau na ontwaken de associatie tussen hoe 
adolescenten de overgang naar de middelbare school ervoeren en veranderingen in 
psychische gezondheid. Dit effect was vergelijkbaar voor externaliserende en internali-
serende problemen. We lieten zien dat een ambivalente of negatieve overgangservaring 
samenging met een stijging in psychische problemen, maar alleen in adolescenten met 
een hoog basaal cortisolniveau na ontwaken, niet in adolescenten met een laag basaal 
cortisolniveau na ontwaken. Een positieve ervaring was niet voorspellend voor verande-
ringen in psychische gezondheid.

In Hoofdstuk 3 onderzochten we of het effect van basaal cortisolniveau na ontwaken 
op de associatie tussen chronische stressoren en psychische problemen afhing van 
individuele verschillen in algemene kwetsbaarheid, geïndexeerd als psychiatrische 
voorgeschiedenis van de ouders (hierna aangeduid als ‘psychiatrische familiegeschie-
denis’). We vonden een complexe interactie tussen basaal cortisolniveau na ontwaken 
en familiegeschiedenis met chronische stressoren in het voorspellen van psychische 
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problemen, met verschillende resultaten voor externaliserende en internaliserende 
problemen. Laag basaal cortisolniveau na ontwaken gecombineerd met afwezigheid van 
psychiatrische familiegeschiedenis verhoogde het risico op externaliserende problemen, 
maar niet op internaliserende problemen na chronische stressoren. Individuen met een 
laag basaal cortisolniveau na ontwaken die wél een psychiatrische familiegeschiedenis 
hadden, liepen een hoger risico op internaliserende problemen, maar niet op externali-
serende problemen na chronische stressoren.

Hoog of gemiddeld basaal cortisolniveau na ontwaken gecombineerd met psychiatri-
sche familiegeschiedenis verhoogde het risico op externaliserende en internaliserende 
problemen gerapporteerd door ouders, maar niet door adolescenten, terwijl in de af-
wezigheid van psychiatrische familiegeschiedenis hogere niveaus van chronische stres-
soren voorspellend waren voor hogere niveaus van internaliserende problemen, gerap-
porteerd door ouders en adolescenten, maar niet voor externaliserende problemen.

In Hoofdstuk 4 onderzochten we of het effect van hartslag in rust op de associatie 
tussen chronische stressoren en externaliserende problemen afhing van individuele 
verschillen in algemene kwetsbaarheid, weer geïndexeerd als psychiatrische familiege-
schiedenis. Resultaten stemden overeen met onze hypothesen dat de associatie tussen 
chronische stressoren en externaliserende problemen sterk zou zijn in adolescenten 
met hoge hartslag in rust maar zwak in adolescenten met lage hartslag in rust, en dat 
dit modererende effect van hartslag in rust duidelijker zichtbaar zou zijn in kwetsbare 
individuen.

In Hoofdstuk 5 onderzochten we of DRD4-7R de associatie tussen chronische stres-
soren en externaliserende problemen modereerde. We vonden dat hogere niveaus van 
chronische stressoren samengingen met meer externaliserende problemen in DRD4-7R 
dragers maar niet in niet-dragers.

Interpretatie

Zoals eerder genoemd was onze overkoepelende verwachting dat laag basaal cortisol-
niveau na ontwaken, lage hartslag in rust en afwezigheid van DRD4-7R indicatief zouden 
zijn voor een lage contextgevoeligheid; en dat hoog basaal cortisolniveau na ontwaken, 
hoge hartslag in rust en aanwezigheid van DRD4-7R indicatief zouden zijn voor een hoge 
contextgevoeligheid. Hoewel onze bevindingen met betrekking tot basaal cortisolniveau 
na ontwaken niet eenduidig waren (Hoofdstukken 2 vs. 3), waren die met betrekking tot 
hartslag in rust (Hoofdstuk 4) en DRD4-7R (Hoofdstuk 5) in overeenstemming met onze 
overkoepelende verwachting.

 Als moderator van de associatie tussen chronische stressoren en psychische 
problemen is cortisol in rust mogelijk afhankelijk van individuele verschillen in alge-
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mene kwetsbaarheid, van stressorkenmerken inclusief blootstellingsduur en van het 
type psychische problemen (bijvoorbeeld internaliserend of externaliserend) alsmede 
hun duur. Deze opsomming maakt duidelijk dat het onrealistisch is om aan te nemen 
dat we op korte termijn zullen begrijpen hoe basaal cortisolniveau zich verhoudt tot 
psychopathologie. We concluderen dat basaal cortisolniveau als klinisch relevante 
marker van risico of veerkracht gediskwalificeerd wordt door de relatieve instabiliteit 
van basaal cortisolniveau over tijd en onze beperkte kennis en begrip van de factoren 
waarvan cortisol afhankelijk is.

Ondanks de kleine effectgroottes moedigen we verder onderzoek aan naar hartslag 
in rust en DRD4-7R als moderator van de stressor-psychopathologie associatie en als 
mogelijke markers van gevoeligheid voor omgevingsinvloeden. Omdat het bekend is dat 
individuen met lage hartslag in rust een verhoogd risico hebben op externaliserende 
problemen, is het een intrigerende mogelijkheid dat diezelfde individuen niet of nauwe-
lijks worden aangedaan door stressoren. Ook is dit consistent met de moderne visie op 
risico als één zijde van een munt. Toekomstig onderzoek kan uitwijzen of onze bevin-
dingen met betrekking tot hartslag in rust en DRD4-7R gelden voor een breder scala aan 
ongunstige omgevingsinvloeden of juist specifiek zijn voor chronische psychosociale 
stressoren, en of onze bevindingen ook gelden voor gunstige omgevingsinvloeden.

Conclusie

We hebben laten zien dat drie biologische factoren die mogelijk contextgevoeligheid re-
flecteren -hartslag in rust, DRD4-7R en basaal cortisolniveau na ontwaken- significante 
moderators waren van de associatie tussen stressoren en psychische problemen, hoewel 
bevindingen met betrekking tot cortisol niet eenduidig waren. We hebben ook laten 
zien dat de modererende effecten van basaal cortisolniveau na ontwaken en hartslag 
in rust afhankelijk waren van algemene kwetsbaarheid, geïndexeerd als psychiatrische 
familiegeschiedenis. De gevonden effecten waren echter klein en niet altijd consistent 
met de gevoeligheidshypothese.

Het is daarom moeilijk voor te stellen dat een enkele biologische variabele zoals ba-
saal cortisolniveau, hartslag in rust of een genetisch polymorfisme ooit nuttig zal zijn 
voor de klinische praktijk in het maken van risicotaxaties of behandelplannen. Het is 
waarschijnlijk dat de relatie tussen stressoren en psychopathologie wordt beïnvloed 
door een groot netwerk van elkaar beïnvloedende factoren. Mogelijk kan het onderzoe-
ken van combinaties van eerder gevonden risico- of weerbaarheidsfactoren de hoeveel 
verklaarde variantie vergroten en daarmee ons begrip van de relatie tussen stressoren 
en psychopathologie.
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Ten eerste wil ik graag iedereen bedanken die hieronder niet wordt genoemd, maar op 
wat voor manier dan ook heeft bijgedragen aan de totstandkoming van dit proefschrift.

Verder dank ik alle TRAILS deelnemers en medewerkers die hebben bijgedragen aan 
de enorme dataset waar de papers in dit proefschrift op gebaseerd zijn. Daarnaast zou 
er geen promotie kunnen plaatsvinden zonder leescommissie en corona; dank voor de 
tijd die jullie voor mij hebben vrijgemaakt. Ineke en Arie, los van elkaar hebben jullie 
mij weten de enthousiasmeren voor onderzoek en wetenschappelijk schrijven. Dat jullie 
tijdens mijn verdediging deel uitmaken van de corona voelt voor mij heel natuurlijk. 
Daniel Jensen and EFA Mexico, thank you for the many hours of proofreading.

Onmisbaar waren mijn promotor en co-promotor. Dank voor alle tijd die jullie in mij 
hebben geïnvesteerd. Ik ben gegroeid als onderzoeker en schrijver onder jullie hoede. 
Hans, onze verstandhouding werd, net als wijn, beter met de jaren. Je hebt me onder-
steund in het vinden van een betere balans tussen werk en privé en was veel eerder 
dan ik ervan overtuigd dat het wel goed zou komen met mijn project (en dat ik kon 
skiën). Het is een eer om jouw allerlaatste promovendus te zijn. Catharina, mijn rots in 
de branding. Als ik stotterend in halve zinnen een ingeving probeerde te formuleren die 
ik ter plekke nog aan het uitdenken was, begreep jij wat ik bedoelde. Daarmee was je een 
onmisbare tolk in de communicatie tussen mij en Hans. In een vroeg stadium begreep jij 
beter dan ik hoe mijn brein werkt en leerde je me allerlei trucjes om mezelf on topic te 
houden en efficiënter te werken.

De co-auteurs van de papers in dit proefschrift: dank voor jullie waardevolle input. Ik 
heb veel van jullie geleerd! Pieter, een man van weinig woorden. Je snoeide mijn eerste 
cover letter van één A4 terug tot één zin. Edwin, jouw uitgebreide grappenrepertoire 
over de intelligentie van blonde vrouwen heb ik opgevat als aanmoediging. Andrea, toen 
ik jou in grote paniek mailde over een mogelijke fout in mijn dataset, doordeweeks om 1 
uur ’s nachts, had ik niet verwacht dat je direct terug zou mailen. Esther N., jij hebt een 
geweldig vermogen om zaken vanuit een ander perspectief te belichten, wat heel nuttig 
is, zeker toen ik op het punt stond om wat nu Hoofdstuk 3 is met laptop en al uit het raam 
te donderen.

Mijn lieve kamergenootje Charlotte, toen wij elkaar net leerden kennen vond jij mij 
maar een rare vogel (je draaide er niet omheen: “jij bent raar.”) en ik wist ook niet zo 
goed wat ik met jou, je Viva-obsessie en je ‘rechtse’ praatjes aan moest. We vonden 
elkaar in zwarte humor. Bovenal ben ik je enorm gaan waarderen in de jaren dat we lief 
en leed deelden. Dankjewel. Elise, dat laatste geldt ook voor jou. Je bent zo lief en attent 
voor iedereen om je heen; ik vind het bewonderenswaardig hoeveel jij gééft. Toen je net 
bij ons op de kamer kwam, was je nogal geschokt door de ongepaste en/of persoonlijke 
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dingen die Charlotte en ik vertelden of aan jou vroegen. Inmiddels ben je het wel gewend 
en bloos je minder snel, maar geef je nog altijd geen antwoord op rare vragen. Odilia, ik 
heb altijd veel bewondering gehad voor jou als wetenschapper en voor de carrièrestap-
pen die je hebt genomen. Ik begrijp niet waar je de tijd en energie vandaan haalt om ook 
nog eens in een orkest te spelen. Pas in de laatste jaren heb ik je beter leren kennen. 
Eén herinnering staat me nog erg bij; toen je in La Norma in een skilift hing, de eerste 
dag groen van misselijkheid, de volgende dagen high as a kite door de (iets te sterke) 
medicijnen die Bertus en ik voor je hadden gevonden. Lieve meiden, dank voor jullie 
steun en betrokkenheid. Met z’n vieren zijn we een hecht clubje geworden ondanks dat 
we zo verschillend zijn. Wat fijn dat jullie alle drie mijn paranimf wilden zijn. Zeker op 
het einde hebben jullie me er doorheen gesleept!

Nikolaos, thanks for all the talks, some weird (goats in boots, Frank Zappa), some very 
supportive in times only you saw something was wrong. Mijn andere cohortgenoten, Ber-
tus, Sanne, Nynke, Piotr en Lian, mijn latere kamergenootjes Vera, Petra en Arunima, en 
alle andere fijne collega’s die in de loop der jaren mijn pad hebben gekruist bij Accare/ 
TrailsCC en het ICPE; dank voor de gezellige etentjes, borrels en andere uitstapjes.

De laatste twee jaren waren pittig, to say the least. Vier dagen per week aan het werk 
bij FWN, drie dagen -of nachten- aan het proefschrift. Van de FWN collega’s wil ik er drie 
in het bijzonder noemen. Esther B., jij bent een ster in coaching. Grietje, jij hebt mij te 
vaak met te kleine oogjes gezien. Bedankt voor je eeuwige geduld en begrip, maar vooral 
voor de goede sfeer en ruimte voor bezinning. Maarten, dank voor het meedenken en 
voor het realiseren dat ik tijdelijk minder kon gaan werken om het proefschrift af te 
maken. Het is gelukt!

Ook buiten de werkkring ben ik een aantal mensen erg dankbaar.
Mijn lieve vriendinnen die er door dik en dun waren ondanks structurele sociale ver-

waarlozing: Anne-Meyn, Annie, Kim, Miranda, Renate en Silke.
Stijn, Sije, Gijs, Jonne, Frits, Marcel, Jelmer, Sido en alle anderen die op de juiste mo-

menten met de juiste woorden of afleiding aankwamen, dank voor jullie steun. 
Iedere week bij je schoonmoeder eten is niet voor iedereen een fijne gedachte, maar 

wel voor mij. Ans, dank voor dit wekelijkse moment van rust en gezelligheid en voor je 
intensieve hulp bij de vormgeving van het proefschrift in de laatste weken. Boudewijn 
& Fiene, na een bezoek aan jullie was ik altijd weer enthousiaster over promoveren dan 
daarvoor.

Carla, Auke en Jasper, dank voor jullie eindeloze uitingen van trots en onvoorwaardelijk 
vertrouwen in mijn kunnen. Dank dat ik áltijd welkom ben om weer een paar dagen thuis 
te komen om kind te zijn en voor het accepteren dat ik daar niet vaak genoeg de tijd 
voor nam. Jasper, zo ver weg en toch zo dichtbij, jouw motiverende woorden zijn heel 
belangrijk geweest in het halen van de eindstreep. Wendy, mi hermana nueva: gracias 
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for making my brother happy, for the good times in Mexico City and Oaxaca, for your great 
hospitality and the Spanish lessons. Huevos, no manches! 

Dan resten er nog twee mensen voor wie het niet altijd een feestje was om met mij 
samen te wonen. Anne, dank voor alle keren dat je mij bij de computer weghaalde 
voor trampolinespringen, fout dansen op foute liedjes, ‘Heel Holland bakt’ en de leuke 
gesprekjes tot ver na jouw bedtijd. Bas, mijn lieve lieve, er zijn eigenlijk geen woorden 
voor wat jouw rol is geweest gedurende dit hele promotietraject. Jij bent de enige die 
écht weet hoe zwaar het soms is geweest. Jij bent gebleven ook al was het soms helemaal 
niet leuk voor jou en Anne. Op zware momenten houd je mij vast en overtuig je mij ervan 
dat alles goedkomt. Maar veel vaker, gelukkig, liggen wij samen in een lachstuip over 
dingen die de meeste mensen helemaal niet grappig vinden. Zoals jij onvoorwaardelijk 
gelooft in mij, geloof ik ook in jou. Samen kunnen wij alles aan.
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