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Voorwoord: gegrepen door onbegrepen klachten
Tijdens mijn middelbare school periode werd mijn interesse voor onbegrepen
lichamelijke klachten voor het eerst gewekt. Het zogenaamde verbredingsproject
maakte het mogelijk tijdens schooltijd alvast vakken aan de Radboud Universiteit
te volgen. In de zesde klas volgde ik het vak Inleiding in de Klinische Psychologie.
In deze colleges werden filmpjes getoond van patiënten die in de veronderstelling
waren dat zij blind waren, maar in werkelijkheid nog gewoon konden zien. Nadat
deze patiënten onder hypnose werden gebracht werd dit pijnlijk duidelijk. Hoe is
het mogelijk dat het brein de waarnemingen van het lichaam dusdanig verkeerd
doorgeeft dat dit leidt tot zeer ernstige invaliditeit? Tijdens mijn geneeskundestudie
volgde ik, zoals gebruikelijk is, twee keuzevakken. Bij het eerste keuzevak,
Onderzoek in de Psychiatrie, groeide mijn belangstelling voor de toen net gestarte
TRAILS studie. Hoe zou het de ruim 2000 deelnemende jongeren de komende 15
jaar vergaan en wat voor resultaten zullen er uit dit vernieuwende onderzoek naar
voren komen? Het tweede keuzevak dat ik volgde, Medische Wetenschap
Wijsheid en Waan, ging over, jawel, onbegrepen lichamelijke klachten. Hoe kan
het dat deze klachten zo gevoelig liggen bij zowel de dokter als de patiënt en
waarom wordt onderzoek naar dit soort klachten niet altijd in dank afgenomen?
Tijdens mijn wetenschappelijk stage onder begeleiding van Judith Rosmalen
raakte ik weer gefascineerd door de interactie tussen lichaam en geest. Ik
onderzocht de invloed van stress op het hartritme. Vervolgens liep ik stage op de
toen net opgericht poli Moeilijk te Duiden Klachten onder begeleiding van Janna
Gol. Ik bestudeerde huisartsenbrieven en bekeek of er aan de hand van deze
brieven te voorspellen was of mensen aan onbegrepen klachten leden. In de
avonduren volgde ik filosofiecolleges waarin werd besproken hoe bekende
filosofen aankeken tegen het verband tussen lichaam aan geest. Kortom tijdens
mijn opleidingen groeide mijn belangstelling voor het samenspel tussen lichaam
en geest en voor onbegrepen lichamelijke klachten in het bijzonder. Toen Judith
mij een promotieplaats aanbood om vier jaar lang onderzoek te doen naar dit soort
klachten, hoefde ik dan ook niet lang te twijfelen. Het resultaat van deze vier jaar
onderzoek ligt voor u.
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Chapter 1
General introduction

CHAPTER 1
Functional somatic symptoms in adolescents
Functional somatic symptoms (FSS) are somatic symptoms which cannot be fully
explained by underlying pathology. Other commonly used terms for these
symptoms are: medically unexplained (physical) symptoms, somatoform
symptoms, psychosomatic symptoms, and subjective health complaints. Because
patients suffering from such symptoms feel least offended by the term functional
somatic symptoms (Stone et al., 2002), this term will be used in this thesis. FSS
are very common during adolescence, especially chronic or recurrent pain, which
is experienced by about 25 per cent of all adolescents (Perquin et al., 2000), and
chronic fatigue, which is experienced by about 10 per cent (ter Wolbeek et al.,
2006). One may doubt whether FSS are truly problematic or just harmless
ailments that children will grow out of. Studies have shown that FSS are actually
problematic. They are a burden for the child and the family (Hunfeld et al., 2002);
adolescents experiencing FSS frequently miss school (Wiendels et al., 2005), and
the symptoms ultimately contribute to high health care costs (Sleed et al., 2005).
Furthermore, FSS may persist until adulthood and remain a major health problem
(Hotopf et al., 2000;Steinhausen, 2006). More insight into the etiology of this
important health problem might aid the development of effective prevention and
intervention strategies. Therefore, this thesis will focus on the etiology of FSS in
adolescents.
The etiology of FSS in adolescents
The etiology of FSS in adolescents is not well understood, but it is generally
assumed that FSS are the result of interacting biological, psychological and
environmental factors. The most recent overview of the etiology of FSS in
adolescents is provided in a review by Beck (Beck, 2008). She proposed that FSS
are the result of a complex interplay between child factors (e.g. age, gender,
puberty, and stress reactivity), environmental factors (e.g. family characteristics,
stressors, rewards, and social economic status), and moderating factors (e.g.
coping, pain severity, depression, and social or academic competence). We
believe that better insight into the complex etiology of FSS in adolescents requires
an approach that takes into account bodily processes. Such an approach is
provided by the filter model developed by Barsky and Rief (Rief and Barsky,
2005;Rief and Broadbent, 2007). In this model two bodily processes are assumed
to play a role in the development of FSS: bodily signal generation and bodily
attention. Bodily signal generation, i.e. the development of bodily signals, is
presumably the first step in the generation of FSS. Although the generation of
bodily signals is a constant process, most signals that are generated by the body
will remain unnoticed due to filter activity in the brain (Rief and Barsky, 2005;Rief
10
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and Broadbent, 2007). This filter activity will probably be influenced by the amount
of attention that adolescents pay to bodily signals. Bodily attention will therefore
determine to which extent bodily signals are noticed. Both an increased generation
of bodily signals and an increased amount of attention paid to bodily signals have
indeed been found to play a role in the development of FSS (Rief and Barsky,
2005;Rief and Broadbent, 2007). An increase in bodily signals may, for example,
arise from dysfunctional stress-axes or hormonal disturbances (LeResche et al.,
2005;Tak and Rosmalen, 2010). Examples of factors that may increase attention
to bodily signals are a lack of distraction from the body, mood disturbances, and
the attention others pay to adolescents’ bodily symptoms (Rief and Barsky, 2005).
Thus, bodily signal generation and bodily attention can be influenced by many
different factors, which presumably explains the wide diversity of factors involved
in the etiology of FSS. Finally, it is important to note that FSS tend to occur
together and result in functional somatic disorders (FSD), that is, syndromes of
related complaints with unknown organic pathology. The three most well-known
FSD are irritable bowel syndrome, primarily characterized by gastrointestinal
problems, chronic fatigue syndrome, primarily characterized by overtiredness and
fibromyalgia, primarily characterized by musculoskeletal pain. FSD will not be
adressed in this thesis, since they are rare during adolescence (Price et al.,
1992;Sohrabi et al., 2010).
Not lumping or splitting, but lumping and splitting
Researchers on the etiology of FSS and FSD can be roughly divided into two
groups. On the one hand, there are “lumpers”, who take the approach that all FSS
and FSD result from the same etiology and thus can be studied together (Wessely
et al., 1999). On the other hand, there are “splitters”, who believe that every
particular FSS or FSD has its own specific background and should therefore be
studied separately (Moss-Morris and Spence, 2006). In this thesis, a combination
of the lumper and splitter approach will be taken, based on the hypothesis that
FSS partially result from a shared background, and partially from their own specific
background. As mentioned, biological, psychological, and environmental risk
factors have been found to play a role in the etiology of FSS (Beck, 2008).
Biological factors have been found to be involved in the specific background of
particular symptoms, whereas psychological and environmental factors have been
found to reflect generic risk (Hamilton et al., 2009;Moss-Morris and Spence, 2006).
This might be related to the fact that the symptom-specific process of bodily
symptom generation directly results from biological factors, while the more generic
process of bodily attention is more likely to be influenced by psychosocial factors
(Rief and Broadbent, 2007). Thus, the splitter approach will be followed when
11
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studying biological factors, whereas the lumper approach will be taken when
studying psychological and environmental risk factors (Figure 1). One advantage
of this combined approach is that studying biological risk factors for separate
symptoms allows examination of which symptoms share the same biological
background. Another advantage is that lumping FSS into a sum score when
studying psychological and social factors increases the power to detect
associations.
Aim of this thesis
Most research on the etiology of FSS so far has been performed in adults.
However, research in adolescents might shed more light on the etiology of FSS.
Most FSS start to develop during adolescence (Fritz et al., 1997), and therefore
results of research in adolescents are less likely to be confounded by the
chronicity of the symptoms than results of research in adults. Moreover, different
factors might be important in the development of FSS during adolescence than
during adulthood, such as parents, peers, school performance, and pubertal
development (Beck, 2008). Studies on the etiology of FSS in adolescents
conducted so far are characterized by four methodological problems. First, most
research was cross-sectional, which precludes conclusions about causality (Beck,
2008). Second, most research followed the splitter approach and studied a single
symptom. Studying only one symptom makes it impossible to determine whether a
risk factor is specific for that particular symptom or is a risk factor for other FSS as
well. Third, most studies compared adolescents suffering from a particular
symptom with healthy controls, which makes it difficult to translate findings to the
general population. Finally, some of the previous studies were small, especially
the ones that examined biological risk factors. This increases the risk of chance
findings and false null findings, and might explain the conflicting results from
research on biological factors (Tak and Rosmalen, 2010). This thesis aims to
overcome these methodological problems by studying the etiology of various FSS
in a large prospective population-based cohort study of adolescents.

12
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FSS

Signal generation

Bodily attention

Factors increasing
signal generation:

Factors increasing
bodily attention:

-Pubertal
development
-HPA-axis activity
-ANS activity

-Anxiety
-Depression
-Intelligence
-Parental
overprotection
-School
absenteeism

Symptom-specific
process:
splitting approach

General process:
lumping approach

Figure 1. Working model for the etiology of FSS in adolescents, including both a splitting and
a lumping approach.
HPA-axis = hypothalamus pituitary adrenal-axis; ANS = autonomic nervous system.
The TRAILS sample
This thesis consists of seven empirical studies, which were part of the Dutch
Tracking Adolescents’ Individual Lives Survey (TRAILS). TRAILS is a prospective
population-based cohort study of adolescents, which started in 2001 in order to
learn more about the etiology and course of (mental) health problems in the Dutch
population. For this thesis, data have been used from the first three data
assessment waves, which ran from March 2001 to July 2002, from September
2003 to December 2004, and September 2005 to August 2008, respectively.
During the first assessment wave 2230 adolescents participated (mean age = 11.1
years, SD = 0.56; 50.8 % girls); during the second wave the response rate was
96.4% (n=2149, mean age = 13.6 years, SD = 0.53; 51.0 % girls); and during the
third wave the response rate was 81.4% (n=1816, mean age = 16.3 years, SD =
0.71; 52.3 % girls). The profile of the TRAILS study is described in more detail
elsewhere (de Winter et al., 2005;Huisman et al., 2008). During the assessment
waves, information about the adolescents was not only obtained by self-reported
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questionnaires, but parents, teachers and classmates were also used as
informants. Moreover, adolescents performed neuropsychological tests to obtain
information about cognitive functions, and a subsample of 715 adolescents
underwent a social stress test to assess physiological and psychological stress
responses. All these approaches resulted in a very rich database. An overview of
the time line of TRAILS with the assessment waves on which the various chapters
in this thesis are based is provided in Figure 2.
2001

2002

T1
(N = 2230)

2003

2004
T2
(N = 2140)

2005

2006

2007

T3
(N = 1836)
Stress experiment
(N = 715)

Anxiety and depression (Chapter 2)
Intelligence (Chapter 3)
Parental overprotection (Chapter 4)
School absenteeism (Chapter 5)
Pubertal development (Chapter 6)*
HPA-axis (Chapter 7)
ANS (Chapter 8)
Figure 2. Time line of the TRAILS assessments waves with corresponding chapters.
HPA-axis = hypothalamus pituitary adrenal axis; ANS = autonomic nervous system; *This chapter
was also based on two assessment waves of the Longitudinal Study of Pain in Adolescents in
Seattle.
Thesis outline
The goal of this thesis was to examine the etiology of FSS in adolescents by
studying the roles of biological (i.e. pubertal development and functioning of the
stress-axes), psychological (i.e. anxiety, depression and intelligence) and
environmental (i.e. parental overprotection and school absenteeism) factors. In
part I, the roles of psychological and environmental factors in the development of
FSS were studied by taking a lumping approach (Figure 1). Chapter 2 dealt with
the questions whether anxiety and depression play a role in the development of
FSS and whether anxiety is a risk factor, whereas depression is a consequence of
FSS. Chapter 3 concerned the association between low intelligence scores and
FSS and the question whether this association was influenced by parental
expectations. In Chapter 4, the perpetuating effect of parental overprotection was
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investigated and whether this association was mediated by parenting stress was
assessed. Chapter 5 dealt with the question whether school absenteeism
perpetuated FSS in adolescents and whether this did not hold for adolescents who
are being bullied. In part II, the associations between biological factors and FSS
were investigated by following a splitting approach (Figure 1). The first chapter of
this part, Chapter 6, concerned pubertal development. It answered the question
whether pubertal stage predicted the amount of FSS adolescents experience at
follow-up and whether these associations differ for Dutch and American
adolescents. Then, the two most important stress-axes of the body were studied.
Chapter 7 investigated the hypothalamus pituitary adrenal-axis, by examining
whether cortisol levels after awakening or during stress were differentially related
to FSS. Chapter 8 studied the autonomic nervous system (ANS), and examined
whether activity of the ANS, before, during or after a stressful situation is
differently related to specific FSS. This chapter also investigated whether
psychological arousal before, during and after a stressful situation was
differentially related to specific FSS. Finally, in Chapter 9 all findings have been
discussed in the light of our lumping and splitting approach.
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Part I
The role of psychological and environmental factors in the
etiology of functional somatic symptoms studied by the lumping
approach

Chapter 2
Anxiety and depression are risk factors rather than consequences
of functional somatic symptoms in a general population of
adolescents

KAM Janssens, JGM Rosmalen, J Ormel, FVA Van Oort, and AJ Oldehinkel
Journal of Child Psychology and Psychiatry 2010, 51: 304–312

CHAPTER 2
ABSTRACT
Background: It is well known that functional somatic symptoms (FSS) are
associated with anxiety and depression. However, evidence is lacking about how
they are related to FSS. The aim of this study was to clarify these relationships
and examine whether anxiety and depression are distinctly related to FSS. We
hypothesized that anxiety contributes to the development of FSS and that
depression is a consequence of FSS.
Methods: FSS, anxiety, and depression were measured in adolescents (N = 2230,
51% women) by subscales of the Youth Self-Report during three assessment
waves (adolescents successively aged: 10–12, 12–14, and 14–17) and by
corresponding subscales of the Child Behavior Checklist. Using structural equation
models, we combined trait and state models of FSS with those of anxiety and
depression, respectively. We identified which relationships (contemporaneous and
two-year lagged) significantly connected the states of FSS with the states of
anxiety and depression.
Results: Trait variables were all highly interrelated (r = .54–.63). Contrary to our
hypothesis, both state anxiety (β = .35) and state depression (β = .45) had a
strong contemporaneous effect on state FSS. In turn, state FSS had a weak twoyear lagged effect on state anxiety (β = .11) and an even weaker effect on state
depression (β = .06).
Conclusions: While the effect of anxiety and depression on FSS is strong and
immediate, FSS exert a weaker and delayed influence on anxiety and depression.
Further research should be done to detect the exact ways in which anxiety and
depression lead to FSS, and FSS lead to anxiety and depression.
INTRODUCTION
Functional somatic symptoms (FSS), that is, symptoms for which no organic
pathological basis can be found, are common during adolescence (Beck, 2008).
Their etiology is largely unknown. However, it is clear that FSS are the outcome of
a multifactorial process, in which biological, psychological, and social factors have
been shown to play a role (Beck, 2008). Anxiety and depression are known to be
strongly associated with FSS in both adults and adolescents worldwide (Haug et
al., 2004;Henningsen et al., 2003;Larsson, 1991;Stanford et al., 2008), but it is
unclear how anxiety and depression are related to FSS. Do anxiety and
depression contribute to the development of FSS (antecedent hypothesis), are
they rather consequences of FSS (consequence hypothesis), or do they share risk
factors with FSS? Another question concerns differences between anxiety and
20
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depression. Anxiety and depression are often assumed to be related to FSS in the
same way (Halder et al., 2002;Stanford et al., 2008); however, there are some
reasons to believe they are not.
According to the tripartite model, anxiety and depression share a common core,
but also have their own specific characteristics (Laurent and Ettelson, 2001;ZahnWaxler et al., 2000). Physical hyperarousal is thought to characterize anxiety,
whereas a lack of positive affect seems to be characteristic for depression
(Laurent and Ettelson, 2001;Zahn-Waxler et al., 2000). Hyperarousal often results
in unpleasant physical sensations (e.g., palpitations, shakiness), which may make
anxious adolescents more focused on their body and thereby prone to develop
FSS (Hayward et al., 2000;Martin et al., 1991). Depression, on the other hand, has
been suggested to be a consequence of FSS rather than a causal factor (Fishbain
et al., 1997;Zwaigenbaum et al., 1999)). FSS can cause substantial impairments in
adolescents’ everyday life, such as school absenteeism, reduced sport activities,
limitations in social functioning, eating problems, and sleeping problems
(Konijnenberg et al., 2005;Roth-Isigkeit et al., 2005). These limitations may affect
feelings of self-esteem and mastery, which are likely to increase the probability of
depressive symptoms (Erkolahti et al., 2003).
In summary, we expected that anxiety would be mainly a risk factor, and
depression mainly a consequence of FSS. Our aim was to clarify the mutual and
temporal relationships between anxiety, depression, and FSS, by studying a large
group of adolescents from the general population during three successive
assessment waves (at ages 10–12, 12–14, and 14–17).
METHODS
Sample and procedure
This study is part of the TRacking Adolescents’ Individual Lives Survey (TRAILS).
TRAILS is a prospective cohort study of Dutch adolescents. The study was
approved by the Dutch Central Committee on Research Involving Human
Subjects. The study reported here involves data from the first, second, and third
assessment waves of TRAILS, which ran from March 2001 to July 2002;
September 2003 to December 2004; and September 2005 to August 2008,
respectively. The sample selection involved two steps. First, the municipalities
selected were asked to give names and addresses of all inhabitants born between
October 1, 1989 and September 30, 1990 (first two municipalities) or October 1,
21
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1990 and September 30, 1991 (last three municipalities), yielding 3483 names.
Second, primary schools (including schools for special education) within these
municipalities were simultaneously approached with the request to participate in
TRAILS. School participation was a prerequisite for eligible children and their
parents to be approached by the TRAILS staff. Of the 135 primary schools within
the municipalities, 122 (90.4% of the schools accommodating 90.3% of the
children) agreed to participate in the study.
Of all adolescents approached for enrolment in the study (N = 3145), 76.0%
(N = 2230, mean age = 11.09, SD = .56, 50.8% girls) were enrolled in the study.
Parental written informed consent was obtained after the procedures had been
fully explained. Adolescents gave written informed consent at the second and third
assessment waves. Detailed information about sample selection and analysis of
non-response bias has been reported elsewhere (Huisman et al., 2008). Ten
percent (N = 230) of the sample had at least one parent born in a non-Western
country, among which were Surinam (20%), Dutch Antilles (16%), Indonesia
(16%), Morocco (6.5%), Turkey (5.5%), and other countries (36%) such as Iraq,
Iran, and Somalia. The primary schools that participated in TRAILS were
comparable to other primary schools in the Netherlands with regard to the
percentage of children with a low socioeconomic background (16.1% and 15.3%,
respectively).
Of the 2230 baseline participants, 96.4% (N = 2149, 51.0% girls, mean
age = 13.65, SD = .53) participated in the first follow-up assessment (T2), which
was held two to three years after assessment wave 1 (T1). At the third
assessment wave (T3), which was held two to three years after assessment wave
2, the response was 81.4% (N = 1816, 52.3% girls, mean age = 16.27, SD = .73).
Measures
To assess FSS, anxiety, and depression, the adolescents filled out the Youth SelfReport (YSR) at school under the supervision of one or more TRAILS assistants.
Their parents completed the Child Behavior Checklist (CBCL) at home. These
questionnaires contain a list of problems (listed below), which can be rated on a
three-point scale with 0 = never or not at all true, 1 = sometimes or a bit true, and
2 = often or very true. Scores on individual FSS, anxiety, and depression items
were averaged to construct scale scores, which could range from 0 = no problems
at all (all items rated as ‘never or not at all true’) to 2 = a lot of problems (all items
rated as ‘often or very true’). Of all parents, 88% (N = 2017) completed the CBCL
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at T1, 82% (N = 1883) at T2, and 66% (N = 1509) at T3. The numbers of
adolescents with valid data on the scales of the YSR are given in Table 1.
Table 1. Anxiety, depression and FSS scores measured by the Youth Self-Report during the
three assessment waves
Valid N

Mean

SD

Anxiety T1

2100

.35

.25

Anxiety T2

2029

.36

.25

Anxiety T3

1651

.33

.26

Depression T1

2087

.30

.31

Depression T2

2019

.26

.31

Depression T3

1636

.28

.31

FSS T1

2115

.47

.35

FSS T2

2015

.39

.35

FSS T3

1636

.34

.34

Functional somatic symptoms
FSS were measured by the Somatic Complaints scale of the YSR (Achenbach et
al., 2003). This scale contains nine items, which refer to somatic complaints
without a known medical cause (aches/pains, headache, nausea, eye problems,
skin problems, stomach pain, and vomiting) or without obvious reason
(overtiredness and dizziness). Factor analysis indicated that two items (eye
problems and skin problems) had low factor loadings at all assessment waves in
both girls and boys, suggesting that these items did not represent the underlying
construct well in our sample. These items were therefore excluded. The remaining
seven items showed good internal consistency (Cronbach’s α at T1: .76; at T2:
.77; at T3: .76). The CBCL FSS items used were the same as the YSR FSS items,
and showed comparable internal consistency (Cronbach’s α at T1: .71; at T2: .72;
at T3: .75).
Anxiety
Symptoms of anxiety were measured by the Anxiety scale of the YSR and the
CBCL (Achenbach et al., 2003). This scale contains six items: too dependent,
fears, fears school, nervous, fearful, and worries. The items showed acceptable
internal consistency during all assessment waves (YSR Cronbach’s α at T1: .63; at
23
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T2: .63; at T3: .65; CBCL Cronbach’s α at T1: .66; at T2: .64; at T3: .66). The
Anxiety scale contains three items referring to generalized anxiety disorder, two
items referring to separation anxiety disorder, and one item referring to simple
phobia. Hence, it does not cover the full range of anxiety disorders (Ferdinand,
2007) and lacks, for instance, panic symptoms, which may be particularly strongly
related to FSS. Therefore, we also included the Revised Child Anxiety and
Depression Scale (RCADS; (Chorpita et al., 2000)). The RCADS contains 37
items referring to anxiety and covers a wide range of anxiety disorders: social
phobia (9 items), panic disorder (9 items), separation anxiety disorder (7 items),
generalized anxiety disorder (6 items), and obsessive compulsive disorder (6
items). These items could be rated on a three-point scale with 0 = never,
1 = sometimes, 2 = often, and 3 = always. Comparable to the YSR, scale scores
were constructed by averaging the individual items, and could hence range from
0 = no problems (all items rated as ‘never’) to 3 = (all items rated as ‘always’). It
showed good internal consistency (Cronbach’s α at T1: .91, at T2: .93, at T3: .92).
Depression
Depression was measured by the Affective Problems scale of the YSR
(Achenbach et al., 2003). This scale contains 13 items, referring to symptoms of
depression (enjoys little, crying, self-harm, eating problems, feelings of
worthlessness, guilt, overtiredness, sleeping problems (3 items), suicide ideation,
underactive, sad). We excluded one item (overtiredness) from this scale to prevent
overlap with the Somatic Complaints scale. The internal consistency was
adequate (Cronbach’s α at T1: .69; at T2: .74; at T3: .75). The CBCL depression
scale contains the same items, and showed comparable internal consistency
(Cronbach’s α at T1: .65; at T2: .70; at T3: .74).
Description of the model
To model the relationships between anxiety, depression, and FSS, we first
composed trait and state (T&S) models of FSS, anxiety, and depression, based on
models of Duncan-Jones and others (Duncan-Jones et al., 1990). The T&S model
used is depicted in Figure 1. An important characteristic of the T&S models is that
at each time point, anxiety, depression, and FSS are determined by two latent
variables: a trait component (Tr1, Tr2 and Tr3) and a state component (St1, St2
and St3). The trait component is stable over time, and reflects unchanged risk
factors. The state component represents the variance not accounted for by the
trait component and therefore reflects changes in symptom scores over time
(partly caused by error variance). A necessary assumption to identify the model is
that the trait and state components are equal at each time point (Tr1 = Tr2 = Tr3;
24
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St1 = St2 = St3). The T&S models further include autoregressive effects of the
states (Au1 and Au2), meaning that the immediately preceding state value has a
direct effect on the following state value. The T&S model is considered to
represent the reality better than a completely autoregressive model, in which all
stability in FSS, anxiety, and depression scores is explained by the value of the
preceding FSS, anxiety, and depression score.

Trait
Tr1
Measure T1

Tr2

Tr3

Measure T2

St1

Measure T3

St2

State T1

St3

State T2
Au1

State T3
Au2

Figure 1. The trait and state model (T&S model).
Note that the trait component at assessment wave 1 (Tr1) = trait component at assessment wave 2
(Tr2) = trait component at assessment wave 3 (Tr3) and the state component at assessment wave 1
(St1) = state component at assessment wave 2 (St2) = state component at assessment wave 3
(St3). The autoregressive effect at assessment wave 1 (Au1) and the autoregressive effect at
assessment wave 2 (Au2) may differ across time points. T1= assessment wave 1, T2= assessment
wave 2, T3=assessment wave 3
After having composed the T&S models, we connected the T&S model of FSS
with the T&S model of anxiety by means of paths suggested by Ormel and others
(Ormel et al., 2002), depicted by the dotted and non-dotted lines in Figure 2. We
modeled a correlation between trait FSS and trait anxiety and a correlation
between state FSS at T1 and state anxiety at T1. Furthermore, we modeled eight
regression effects: two contemporaneous effects of state anxiety on state FSS (at
T2 and T3), two contemporaneous effects of state FSS on state anxiety, two
lagged effects of state anxiety on state FSS, and two lagged effects of state FSS
on state anxiety. Finally, as depicted in Figure 3, we connected the T&S model of
FSS with the T&S model of depression, following the same procedure as
described above for anxiety and FSS.
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Trait Anxiety
0.52

ANX-YSR T2

ANX-YSR T1

ANX-YSR T3

0.86

0.85
0.12

State ANX
T1

State ANX
T2

0.37

0.86
0.27

State ANX
T3
0.11

0.11
0.54

0.51

0.51

0.34
0.18

State FSS
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0.87

State FSS
T2

0.35
0.23
State FSS
T3

0.87

FSS-YSR T1
0.49

FSS-YSR
0.49

0.86
FSS-YSR T3
0.51

Trait FSS
1

Figure 2. Relation between anxiety (ANX) and functional somatic symptoms (FSS). Depicted
are the standardized estimates of the best fitting model in the full sample. The paths without a
standardized estimate (dotted lines) could be fixed to zero. Note that the relations between state
anxiety and state FSS were set to be equal at each time point. The proportion of state: trait FSS and
state: trait anxiety were set to be equal at each time point as well. T1=assessment wave 1;
T2=assessment wave 2; T3= assessment wave 3; YSR=Youth Self-Report
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Trait Depression
0.55

ANX-YSR T2

ANX-YSR T1

ANX-YSR T3

0.84

0.83
0.23

State DEP
T1

State DEP
T2

0.37

0.85
0.31

State DEP
T3
0.06

0.06
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State FSS
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FSS-YSR T1
0.48

FSS-YSR
0.48

0.87
FSS-YSR T3
0.50

Trait FSS
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Figure 3. Relation between depression (DEP) and functional somatic symptoms (FSS).
Depicted are the standardized estimates of the best fitting model in the full sample. The paths
without a standardized estimate dotted lines) could be fixed to zero. Note that the relations between
state depression and state FSS were set to be equal at each time point. The proportion of state and
trait FSS and state and trait depression were set to be equal at each time point. T1=assessment
wave 1; T2=assessment wave 2; T3= assessment wave 3; YSR=Youth Self-report
Statistics and model fitting
Descriptive statistics were calculated by SPSS 15.0. Structural equation modeling
was performed by Mplus, using a maximum likelihood estimation procedure that
took into account missing data to adjust for attrition at follow-up (Little and Rubin,
2002). To simplify the model, we assumed that the relationships between state
FSS and, respectively, state anxiety and state depression were the same at each
time point. After identifying the best fitting model, we controlled whether this
assumption held true. Model fits were considered good when the Comparative Fit
Index (CFI) and the Tucker-Lewis Index (TLI) were greater than .95, and the Root
Mean Square Error of Approximation (RMSEA) was smaller than .05. Ideally, the
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χ2 should be non-significant (p > .05), but larger samples increase the likelihood of
obtaining significant p-values (Bentler, 1990).
To reduce capitalization on chance in the process of model fitting, we randomly
divided the database into two halves, one for model selection and one for crossvalidation. The model fitting procedure consisted of several steps. First, we tested
which model fitted the data best by means of backward selection: we started with
the full model, including all possible relationships (the solid and dotted lines in
Figures 2 and 3), and removed non-significant paths from the model one by one,
until all relationships in the model were statistically significant (p < .05). Second,
we used a forward selection method: one by one, we entered all relationships into
the model and maintained only the significant ones (p < .05). Third, we validated
the best fitting models, as identified by the forward and backward selection
procedures in one half of our sample, in the second half of the sample. Fourth, we
tested whether the models identified on the basis of self-reported data (YSR) also
applied to the parent-reported data (CBCL). Fifth, we compared the fit of the model
in which the associations between state anxiety, state depression, and state FSS
were constrained to be equal at each time point with the fit of the model without
these constraints, by performing a χ2-difference test. Sixth, we tested whether the
model for YSR anxiety and FSS also applied to anxiety as assessed by the
RCADS. Finally, we combined the model of FSS and anxiety with the model of
FSS and depression. This combined model made it possible to examine whether
the relationships between FSS and, respectively, anxiety and depression identified
in the separate models were still significant when the effects of anxiety and
depression were adjusted for each other. We modeled the relationships between
FSS, anxiety, and depression that had been found to be the best fitting in the
separate models. In addition, we modeled bidirectional contemporaneous paths
between anxiety and depression.
RESULTS
Descriptive statistics
The scale scores of anxiety, depression, and FSS at the three assessment waves
are presented in Table 1. Anxiety and depression scores were about the same
during the three assessment waves, whereas FSS declined during the waves.
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Trait and state models
Trait FSS was highly correlated with trait anxiety (r = .54) and trait depression
(r = .63), see Figures 2 and 3. The estimated trait variance in FSS ranged from
23% (.48) to 26% (.512), the estimated trait variance in anxiety ranged from 26%
(.512) to 27% (.52), and the estimated trait variance in depression ranged from
28% (.53) to 30% (.55). The part of anxiety, depression, and FSS that could not be
explained by the trait variance was the state variance. State variances therefore
ranged from 74% to 77% for FSS, from 73% to 74% for anxiety, and from 70% to
72% for depression. This state variance partly consisted of error variance. After
correction for this error variance (as estimated by Cronbach’s α), the true FSS
state variance ranged from 50% to 54%, the true anxiety state variance from 36%
to 39%, and the true depression state variance from 39% to 47%. The
autoregressive effects of anxiety, depression and FSS increased over time, see
the horizontal arrows in Figures 2 and 3.
Model of anxiety and FSS
Parameter estimates of the full model of the relationships between anxiety and
FSS are presented in Table 2. Backward selection resulted in the model depicted
in Figure 2. The model fit was very good (χ2 [df = 5] = 3.2, p = .67; CFI = 1;
TLI = 1; RMSEA < .01). Forward selection yielded the same model. The selected
model showed an excellent fit in the other half of the sample as well (χ2
[df = 5] = 5.3, p = .38; CFI = 1; TLI = 1; RMSEA < .01), and in the whole sample
(χ2 [df = 5] = 4.1, p = .53; CFI = 1; TLI = 1; RMSEA < .01). The model also
appeared adequate to describe associations in the parent-reported data (χ2
[df = 5] = 14.4, p = .01; CFI = 1; TLI = .99; RMSEA = .03). Freeing the constraints
that the relationships between anxiety and FSS were equal at each time point did
not result in a better model fit (∆χ2 [df = 2] = .22, p > .05). According to the model,
anxiety had a strong contemporaneous effect on FSS. Anxiety explained 12%
(.35) of the FSS scores. FSS on its turn had a delayed and weaker effect on
anxiety (explained variance 1%). When we fitted this model on anxiety scores as
estimated by the RCADS, the model fit was excellent (χ2 [df = 5] = 7.02, p = .22;
CFI = 1; TLI = 1; RMSEA = .01) The model results (available upon request) did not
differ substantially from the results presented in Figure 2.
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Table 2. The full model linking functional somatic symptoms and anxiety
Path

Β

Trait FSS by FSS YSR-T1

.50*

By FSS YSR-T2

.50*

By FSS YSR-T3

.51*

State FSS T1 by FSS YSR-T1

.87

State FSS T2 by FSS YSR-T2

.87

State FSS T3 by FSS YSR-T3

.86

State FSS T2 on State FSS T1

.15*

State FSS T3 on State FSS T2

.19*

Trait ANX by ANX YSR-T1

.52*

By ANX YSR-T2

.51*

By ANX YSR-T3

.52*

State ANX T1 by ANX YSR –T1

.85

State ANX T2 by ANX YSR-T2

.86

State ANX T3 by ANX YSR-T3

.86

State ANX T2 on State ANX T1

.13*

State ANX T3 on State ANX T2

.33*

Trait ANX with Trait FSS

.57*

State FSS T1 with State ANX T1

.36*

State ANX T2 on State FSS T1

.22*

State ANX T3 on State FSS T2

.23*

State ANX T2 on State FSS T2

−55

State ANX T3 on State FSS T3

−.53

State FSS T2 on State ANX T1

−.09

State FSS T3 on State ANX T2

−.09

State FSS T2 on State ANX T2

.73*

State FSS T3 on State ANX T3

.75*

FSS = functional somatic symptoms, ANX = anxiety, YSR = youth self-report, T1 = assessment wave 1,
T2 = assessment wave 2, T3 = assessment wave 3; *p < .05.

30

ANXIETY AND DEPRESSION
Table 3. The full model linking functional somatic symptoms and depression
Path

Β

Trait FSS by FSS YSR-T1

.49*

by FSS YSR-T2

.48*

by FSS YSR-T3

.50*

State FSS T1 by FSS YSR-T1

.87

State FSS T2 by FSS YSR-T2

.88

State FSS T3 by FSS YSR-T3

.87

State FSS T2 on State FSS T1

.18*

State FSS T3 on State FSS T2

.22*

Trait DEP by DEP YSR-T1

.55*

by DEP YSR-T2

.55*

by DEP YSR-T3

.53*

State DEP T1 by DEP YSR-T1

.83

State DEP T2 by DEP YSR-T2

.84

State DEP T3 by DEP YSR-T3

.85

State DEP T2 on State DEP T1

.23*

State DEP T3 on State DEP T2

.32*

Trait DEP with Trait FSS

.65*

State FSS T1 with State DEP T1

.41*

State DEP T2 on State FSS T1

.07

State DEP T3 on State FSS T2

.06

State DEP T2 on State FSS T2

−.06

State DEP T3 on State FSS T3

−.05

State FSS T2 on State DEP T1

−.02

State FSS T3 on State DEP T2

−.02

State FSS T2 on State DEP T2

.46*

State FSS T3 on State DEP T3

.51*

FSS= functional somatic symptoms, DEP= depression, YSR = youth self-report, T1 = assessment wave 1,
T2 = assessment wave 2, T3 = assessment wave 3; *p < .05.
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Model of depression and FSS
Results of the full model of the relationship between depression and FSS are
presented in Table 3. Backward selection resulted in a very good fitting model (χ2
[df = 5] = 2.5, p = .78; CFI = 1; TLI = 1; RMSEA < .01). The forward selection
procedure yielded the same model. This model showed an excellent model fit in
the other half of our sample (χ2 [df = 5] = 5.3, p = .38; CFI = 1; TLI = 1; RMSEA
< .01) and in the full sample (χ2 [df = 5] = 5.3, p = .35; CFI = 1; TLI = 1;
RMSEA < .01) as well. Associations in the parent-reported data were also
described adequately by the model (χ2 [df = 5] = 12.1, p = .03; CFI = 1; TLI = .99;
RMSEA = .03). Freeing the constraints that the relations between depression and
FSS are equal at each time point did not improve the model fit significantly (∆χ2
[df = 2] = .58, p > .05). The model based on the full sample is depicted in Figure 3.
Depression had, in line with anxiety, a strong contemporaneous effect on FSS; it
explained 18–22% (.42–.47) of the variance in the FSS scores. FSS had a weak
delayed effect on depression (explained variance 4%).
Model of anxiety, depression, and FSS
The combined model of anxiety, depression and FSS had a good model fit (χ2
[df = 15] = 20.7, p = .15; CFI = 1; TLI = 1; RMSEA = .01). Anxiety had a significant
contemporaneous effect on depression (β = .25), and depression had a significant
contemporaneous effect on anxiety (β = .32). Both anxiety (β = .18) and
depression (β = .35) had a significant contemporaneous effect on FSS in this
model. In addition, FSS had a significant time-lagged effect on anxiety (β = .10),
but the time-lagged effect of FSS on depression was no longer significant
(β = .02). Subgroup analyses revealed that the combined model of the relationship
between anxiety, depression, and FSS was not significantly different for boys and
girls.
DISCUSSION
Main findings and strengths
Contrary to our expectations, both anxiety and depression had a strong
contemporaneous effect on FSS, whereas FSS had only a weak two-year lagged
effect on anxiety and depression. These findings are in line with other prospective
general population studies that identified anxiety and depression as risk factors of
FSS (Croft et al., 1995;Halder et al., 2002;Stanford et al., 2008). In addition, our
study is consistent with previous studies suggesting that FSS predict the
development of anxiety and depression (Sourander et al., 2005;Zwaigenbaum et
al., 1999). However, to the best of our knowledge, this study is the first to have
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used structural equation models to assess both causes and consequences of FSS
in a single model to test whether anxiety and depression are risk factors or
consequences of FSS. Another strength is that we examined these relationships
using T&S models of anxiety, depression, and FSS, which are preferred to onedimensional models, especially during adolescence, when these symptoms are
known to be largely determined by state components (Dumenci and Windle,
1996). We used a large general population sample, which enhances the
generalizability of our findings. Moreover, we measured anxiety, depression, and
FSS in adolescence, which makes it less likely than in adulthood that current
relationships between anxiety, depression, and FSS are confounded by longerexisting relationships between those complaints. Furthermore, the study methods
we used (cross-validation, forward and backward selection, multiple informants,
and multiple measures) enlarged the robustness of our findings.
The effect of anxiety and depression on FSS
We examined the effect that anxiety and depression had on FSS. Both anxiety and
depression appeared to be risk factors for the development of FSS. FSS may
result not only from an excessive amount of physical sensations induced by
anxiety, but also from an altered processing of physical sensations. For FSS to
develop, bodily signals have to be sensed, perceived, appreciated, interpreted, put
into language, and expressed (Van den Bergh et al., 2002). Several studies
indicate that these processes are influenced by anxiety and depression.
Adolescents with negative affect have been found to value physical sensations as
more unpleasant than adolescents without negative affect (Stegen et al.,
2000;Stegen et al., 2001). In addition, anxious adolescents are known to be more
focused on bodily signals than non-anxious adolescents (Hayward et al.,
2000;Stegen et al., 2001). It has been shown that focusing on bodily signals
heightens the intensity of these signals (Bantick et al., 2002). Depressed
adolescents could have an increased body focus because of ruminative selffocusing and lack of distraction, and through this mechanism experience more
FSS (Bantick et al., 2002;Lu et al., 2007). That anxiety and depression had a
contemporaneous effect and no two-year lagged effect on FSS implies that the
process in which anxiety and depression contribute to the development of FSS is
rather quick. In summary, there is some evidence that anxiety and depression
change the perception of bodily signals and thereby make adolescents more prone
to develop FSS. However, this relatively unexplored field of research deserves
further investigation.
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The effect of FSS on anxiety and depression
In addition to the effects of anxiety and depression on FSS, FSS also influenced
the development of anxiety and depression. The effect was stronger for anxiety
than for depression, which could indicate that FSS make adolescents feel
uncertain and worried rather than depressed about their health and future
opportunities. That FSS were only weakly related to the development of anxiety
and depression could be due to the fact that our study was performed in a general
population cohort. It has been shown that especially highly somatising adolescents
are at risk for depression (Zwaigenbaum et al., 1999). Perhaps most FSS in our
population were not severe and impairing enough to result in anxiety and
depression. That FSS had only a two-year lagged effect on anxiety and
depression and no contemporaneous effect implies that FSS have to exist for a
while before they result in feelings of depression or anxiety.
The combined model of anxiety, depression, and FSS
Trait FSS was strongly related to trait anxiety and trait depression. This supports
the belief that anxiety, depression, and FSS are different manifestations of a
general trait, or share common risk factors (Lowe et al., 2008). We think it is
important to note that anxiety, depression, and FSS, although highly correlated,
are not interchangeable (Henningsen et al., 2003). This notion was confirmed by
our study: after adjustment for their mutual association, anxiety and depression
were still both associated with FSS. So anxiety and depression have their own
unique contribution to the development of FSS and anxiety is an independent
consequence of FSS. The effect of FSS on depression pointed in the same
direction, but was small and no longer significant when adjusted for the mutual
association between anxiety and depression.
Limitations
We have to acknowledge two major limitations of our study. First, anxiety,
depression, and FSS were all measured by the same instrument (the YSR). This
increases the probability of report or instrument bias and may hence result in an
overestimation of the associations between anxiety, depression, and FSS. On the
other hand, self-reports are known to give the best representation of adolescents’
internalizing problems (Thomas et al., 1990). To control for report bias, we
identified the same model using parent reports and found that the model fits were
good, suggesting that our findings are not restricted to self-reports. Another reason
to have confidence that our results are not solely due to bias is that anxiety,
depression, and FSS showed distinct developmental pathways during the three
assessment waves. Finally, shared variance between anxiety, depression, and
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FSS due to instrument bias is most likely to be expressed in the trait components,
not in the relationships between states. A second limitation is that the used models
are (inevitable) simplifications of an extremely complex reality. The follow-up
periods were relatively long, which precludes fine-tuned examination of the time
lags between the onsets of anxiety, depression, and FSS.
In conclusion, anxiety and depression had moderately strong contemporaneous
effect on FSS. In turn, FSS had a weak and two-year lagged effect on anxiety.
Further research should be conducted to explore mechanisms through which
anxiety and depression lead to FSS and vice versa, and account for differences in
speed of effect.
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Adolescents with low intelligence are at risk of functional somatic
symptoms

EM Kingma, KAM Janssens, M Venema, J Ormel, P de Jonge, JGM Rosmalen
Journal of Adolescent Health (in press)

CHAPTER 3
ABSTRACT
Purpose: Low intelligence is a risk factor for functional somatic symptoms (FSS)
in adults, but it is unknown whether a similar association exists in adolescents. We
hypothesized that low intelligence may lead to FSS, and that this association is
mediated by low school performance. In addition, we hypothesized that this
mediation is particularly present in adolescents who perceive high parental
expectations.
Methods: This study was performed in a general population cohort from the
TRacking Adolescents’ Individual Lives Survey, using data from the first wave (N =
2,230, mean age = 11.09 years, SD = .56, 50.8% girls), second wave (N =2149,
mean age =13.65 years, SD=.53, 51.0% girls), and third wave (N = 1816, mean
age = 16.25 years, SD = .72, 53.3% girls). Intelligence was measured using the
Wechsler Intelligence Scale for Children—Revised, which resulted in an
intelligence quotient (IQ) for each participant. FSS were measured by the Somatic
Complaints Scale of the Youth Self-Report. School performance was assessed by
teacher reports and perceived parental expectations by adolescent reports.
Structural equation modeling was used to test our hypotheses.
Results: We found a significant negative association between IQ and FSS in the
whole group (β = .24). This association was significant in the group perceiving high
parental expectations (β = .37), but not in the group perceiving low parental
expectations. The association between IQ and FSS was not mediated by school
performance.
Conclusions: Low intelligence is associated with a higher predisposition for FSS
in adolescents, especially in those adolescents perceiving high parental
expectations.
INTRODUCTION
Functional somatic symptoms (FSS), defined as somatic symptoms not
conclusively explained by known organic pathology, are frequently seen in health
care (Fink et al., 2005;Wessely et al., 1999). The etiology of FSS is still elusive,
although it is becoming increasingly clear that it is multifactorial, involving complex
interactions between biological, psychological, and social factors (Brown,
2004;Deary et al., 2007;Rief and Broadbent, 2007). Intelligence might be one
factor contributing to the etiology of FSS. We previously found a negative
association between intelligence and FSS in a general adult population cohort,
which was partly mediated by an unfavorable work situation (Kingma et al., 2009).

38

INTELLIGENCE
It is not clear whether the association between intelligence and FSS is
generalizable to the adolescent population. Moreover, it is unknown which factors
would mediate this association, and whether these factors differ from those
observed in adults. Most adults spend a great amount of time at work, whereas
adolescents spend much time at school. Therefore, instead of an unfavorable work
situation in adults, an unfavorable school situation might mediate the association
between intelligence and FSS in adolescents. Indeed, intelligence is the most
important predictor of school performance (Ivanovic et al., 2004), while low school
performance in its turn has been associated with FSS (Campo et al., 1999). Thus,
low school performance may mediate the association between intelligence and
FSS in adolescents.
However, it is plausible that low intelligence and low school performance do not
result in FSS in all adolescents. The burden of low school performance might
depend on the norms of the social environment of the adolescent. A study on
chronic fatigue syndrome (CFS), a syndrome defined by the existence of a cluster
of FSS, suggested that parents might play an important role. Parental expectations
of the intelligence of adolescents with CFS were significantly higher than parental
expectations of the intelligence of adolescents without CFS (Godfrey et al., 2009).
The authors suggested that these high parental expectations might contribute to
the development and maintenance of CFS (Godfrey et al., 2009). It might be that
when parental expectations cannot be met by the adolescent, this may lead to
distress and consequently FSS in the adolescent. Therefore, we hypothesized that
adolescents with low intelligence and consequently low school performance are
especially at risk for FSS when they perceive high parental expectations of their
achievements. We studied our hypotheses in a large population cohort of
adolescents.
METHODS
Sample and procedure
This study is part of the TRacking Adolescents’ Individual Lives Survey (TRAILS).
TRAILS is a longitudinal cohort study of Dutch adolescents. The study was
approved by the Dutch Central Committee on Research Involving Human
Subjects. Data from the first, second and third assessment waves are involved in
this study. These assessment waves ran from March 2001 to July 2002, from
September 2003 to December 2004, and from September 2005 to August 2008.
For the sample selection, five municipalities in the North of the Netherlands were
asked to give information from the community register of all citizens who were
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born between October 1, 1989 and September 30, 1990 (first two municipalities),
or between October 1, 1990 and September 30, 1991 (last three municipalities),
yielding 3483 names. Next, all 135 primary schools (including schools for special
education) within these municipalities were asked to participate in TRAILS. School
participation was a requirement for participants and their parents to be approached
by the TRAILS staff. Of all schools 123 (90.4% of the schools accommodating,
90.3% of the children) agreed to participate in the study. Of the 3145 remaining
eligible children 210 were excluded because they were either unable to participate
or incapable to participate due to severe mental retardation or due to a serious
physical illness or handicap, or if no Dutch-speaking parent or parent surrogate
was available (Turkish and Moroccan parents who were unable to speak Dutch
were interviewed in their own language) (Huisman et al., 2008). After fully
explaining the procedures, written informed consent from the parents was
obtained. At the second and third assessment wave, informed consent was
obtained from the adolescents themselves. Of all approached adolescents (N =
3145), 76.0% (N = 2230, mean age = 11.09, SD = .56, 50.8% girls) were enrolled
in the study. Detailed information about sample selection and analysis of nonresponse bias has been reported elsewhere (Huisman et al., 2008). Primary
schools that participated in TRAILS were comparable to other primary schools in
the Netherlands with regard to the percentage of children with a low
socioeconomic background (16.1% and 15.3%, respectively) (Janssens et al.,
2010). Ten percent (N = 230) of the sample had at least one parent born in a nonWestern country, among which were Surinam (20.0%), Dutch Antilles (16.0%),
Indonesia (16.0%), Morocco (6.5%), Turkey (5.5%), and other countries (36.0%).
Of the 2230 baseline participants, 96.4% (N = 2149, mean age = 13.65, SD = .53,
51.0% girls) participated in the first follow-up assessment (T2), which was held two
to three years after assessment wave 1 (T1). Of the 2149 participants at T2,
81.4% (N = 1816, mean age = 16.25, SD = .72, 53.3% girls) participated in the
third assessment wave (T3), which was held two to three years after T2.
Measurements
Intelligence
At baseline, the intelligence of the participants was measured by psychologists
using the shortened version of the Wechsler Intelligence Scale for Children
Revised (WISC-R) (Wechsler, 1974), that resulted in an intelligence quotient (IQ)
for each participant. Since the TRAILS cohort consists of a large group of
adolescents, measuring intelligence of all adolescents with the WISC-III was too
labor-intensive. Therefore, we used a shortened version of the WISC, the WISC-R
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(Wechsler, 1991). The WISC-R is suitable for participants from the age of 6 to 16
years and 11 months (Wechsler, 1974) and is age-standardized in order to
compare different age-groups with each other (Breslau et al., 2001). The
shortened version of the WISC-R consists of a vocabulary subtest and a block
design subtest. The WISC-R was assessed in a quiet environment and
participants had 30 minutes time to complete both subtests.
Functional somatic symptoms
FSS were measured by the Somatic Complaints scale of the Youth Self-Report
(YSR) (Achenbach et al., 2003), at all three assessment waves (T1, T2, and T3).
This scale contains nine items, which refer to somatic complaints without a known
medical cause (aches/pains, headache, nausea, eye problems, skin problems,
stomach pain, and vomiting) or without obvious reason (overtiredness and
dizziness). For each item, participants had to respond on a three-point-scale, with
score 0: the participant did not experience the complaint in the preceding six
months; score 1: the participant experienced the complaint sometimes or a little bit
in the preceding six months; score 2: the participant experienced the complaint
often or a lot in the preceding six months (Broberg et al., 2001;Ivarsson et al.,
2002;Kantomaa et al., 2010). Factor analysis indicated that two items (eye
problems and skin problems) had low factor loadings at both assessment waves
for both girls and boys. This suggests that these two items did not represent the
underlying construct very well in our sample and are therefore excluded. For the
analyses, we composed sum scores of FSS.
School performance
Baseline school performance was rated by the participants’ teacher for two school
subjects: Dutch language and mathematics. We composed a mean score on
school performance combining the scores on both school subjects divided by two.
School performance at both follow-up waves was rated by the participants’ teacher
for five (groups of) school subjects; Dutch language, foreign languages (French,
English, and German), geography and history, mathematics, and other exact
sciences (biology, physics, and chemistry). For each (group of) school subject(s),
performance was rated on a five point scale varying from 1 = insufficient
performance to 5 = excellent performance. We composed a mean score on school
performance combining the scores on the (groups of) school subjects divided by
five.
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Perceived parental expectations
At baseline, perceived parental expectations were assessed with two items from
the EMBU-C (a Swedish acronym for my memories of upbringing) for Children
(Markus et al., 2003). The EMBU-C has been developed to assess children’s
perception of parental rearing practices (Markus et al., 2003). The two items were:
“Do you think your father has high expectations as far as your school results, sport
achievements and so on are concerned?” and “Do you think your mother has high
expectations as far as your school results, sport achievements and so on are
concerned?” Possible answers could be: no, never = 1; yes, sometimes = 2; yes,
often =3; yes, most of the time = 4. These four possible answers were merged to
form two larger categories: low perceived parental expectations = 1-2 and high
perceived parental expectations = 3-4. In particular, we were interested in high
parental expectations; therefore we used data of the parent with the highest
expectations, as perceived by the adolescent.
Description of the model
To model the relationships between IQ, school performance, and FSS, we first
composed a trait and state (T&S) model of FSS, based on models of DuncanJones and others (Duncan-Jones et al., 1990). The composed T&S model is
shown in Figure 1. At each time point FSS are determined by two latent variables:
trait FSS (Tr1, Tr2, and Tr3) and state FSS (St1, St2, and St3). Trait FSS is stable
over time and reflects unchanged risk factors. State FSS represents the variance
not accounted for by trait FSS and therefore reflects changes in symptom scores
over time (partly caused by error variance). A necessary assumption to identify the
model is that the trait and state components are equal at each time point (Tr1 =
Tr2 = Tr3; St1 = St2 = St3). The T&S model further includes autoregressive effects
of the states (Au1 and Au2), meaning that the immediately preceding state value
has a direct effect on the following state value. The T&S model is considered to
represent the reality better than a completely autoregressive model, in which all
stability in FSS scores is explained by the value of the preceding FSS score.
After having composed the T&S model for FSS, we connected this model to the
measured variables school performance and IQ, as is depicted in Figure 2 and 3.
We modeled one correlation; between school performance at T1 and state FSS at
T1. Furthermore we modeled fourteen regression effects: a direct effect from IQ to
trait FSS; three direct effects of IQ on school performance (T1, T2, and T3); two
direct effect from school performance at T1 on school performance at T2, and from
school performance at T2 on school performance at T3; two contemporaneous
effects of school performance on state FSS (at T2 and T3); two contemporaneous
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effects of state FSS on school performance (at T2 and T3); two lagged effects of
school performance on state FSS; and two lagged effects of state FSS on school
performance. In order to identify the model it was necessary to remove the
contemporaneous path from FSS on school performance at T2.

Trait
Tr1
Measure T1

Tr2

Tr3

Measure T2

St1

Measure T3

St2

State T1

St3

State T2
Au1

State T3
Au2

Figure 1. The trait and state model (T&S model). Note that trait FSS at assessment wave 1 (Tr1)
= trait FSS at assessment wave 2 (Tr2) = trait FSS at assessment wave 3 (Tr3) and state FSS at T1
(St1) = state FSS at assessment wave 2 (St2) = state FSS at assessment wave 3 (St3). The
autoregressive effect at assessment wave 1 (Au1) and the autoregressive effect at assessment
wave 2 (Au2) may differ across time points. T1 = assessment wave 1, T2 = assessment wave 2, T3
= assessment wave 3
Statistical analyses
Descriptive statistics were calculated by SPSS version 16.0. In addition, we tested
our hypotheses by structural equation modeling performed by Mplus version 6.0.
Model fits were considered good when the Comparative Fit Index (CFI) and the
Tucker-Lewis index (TLI) were greater than .95, and the Root Mean Square Error
of Approximation (RMSEA) was smaller than .05. Ideally, the χ² should be nonsignificant (p > .05), but larger samples increase the likelihood of obtaining
significant p-values (Bentler, 1990). After testing the model in the total sample, we
tested the model in two groups based on perceived parental expectations (high
versus low). In addition, for the total group and for the two subgroups, we added
requested all indirect effects between IQ and state FSS. Furthermore, we
performed multiple imputation analyses by Mplus, including ten imputed datasets,
as a sensitivity analysis to test for the influence of missing values.
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RESULTS
Sample characteristics
Table 1 presents the scale scores on IQ, FSS, and school performance of the
adolescents at the three assessment waves. All these variables were normally
distributed. Table 1 shows that the prevalence of FSS declined during the waves.
When categorizing perceived parental expectations as high or low, 1139 (51.9%)
adolescents (56.5 % boys) perceived high parental expectations and 1056 (48.1%)
adolescents (41.1% boys) perceived low parental expectations.
Table 1. Sample characteristics
Measure

Valid N

Mean

SD

Minimum – Maximum

IQ T1
FSS T1
FSS T2
FSS T3
School performance T1
School performance T2
School performance T3

2221
2115
2015
1636
1914
1327
886

97.2
3.3
2.7
2.4
3.2
3.1
3.0

15
2.5
2.5
2.4
.9
.7
.7

45 – 149
0 – 13
0 – 13
0 – 12
1–5
1–5
1–5

FSS = functional somatic symptoms;T1 = assessment wave 1, T2 = assessment wave 2,
T3 = assessment wave 3
Model for the total sample
The model is depicted in Figure 2; only significant path estimates are given. The
model fit was good (χ² [df = 3] = 3.72, p = .29; CFI = 1.00; TLI = .99; RMSEA <
.01). The estimated trait variance in FSS ranged from 27% (.52²) to 29% (.54²).
According to the model, there was a significant negative association between IQ
and trait FSS. Furthermore, IQ was significantly positively associated with school
performance at T1 and T2, while the association between IQ and school
performance at T3 was not significant. School performance at T1 predicted school
performance at T2, and school performance at T2 predicted school performance at
T3. With regard to the paths between school performance and state FSS, no path
was significant. Thus, there were no significant indirect paths between IQ and
state FSS via school performance. State FSS at T1 predicted state FSS at T2, and
state FSS at T2 predicted state FSS at T3. Estimates remained essentially the
same after multiple imputation analyses.
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Figure 2. Relation between IQ, school performance, and FSS for the total group of
adolescents. Depicted are the standardized estimates (beta and standard error). The dotted lines
represent the paths that are not significant. T1= assessment wave 1, T2 = assessment wave 2, T3 =
assessment wave 3, FSS = Functional somatic symptoms
Model for adolescents perceiving high parental expectations
The model is depicted in Figure 3; only significant path estimates are given. The
model fit was good (χ² [df = 3] = 5.63, p = .13; CFI = .99; TLI = .98; RMSEA = .03).
The estimated trait variance in FSS ranged from 25% (.50²) to 28% (.53²).
According to the model, there was a significant negative association between IQ
and trait FSS. Furthermore, IQ was significantly positively associated with school
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performance at T1 and T2, but not with school performance at T3. School
performance at T1 predicted school performance at T2, but school performance at
T2 did not predict school performance at T3. With regard to the paths between
school performance and state FSS, no path was significant. Thus, there were no
significant indirect paths between IQ and state FSS via school performance. State
FSS at T1 predicted state FSS at T2, and state FSS at T2 predicted state FSS at
T3. After fixing all paths between school performance and state FSS at zero, the
model fit was good (χ² [df = 11] = 10.79, p = .46; CFI = 1.00; TLI = 1.00; RMSEA =
.02), and the model did not significantly alter (∆χ² [df = 8] = 5.16, p = .74).
Estimates remained essentially the same aftermultiple imputation analyses.

Figure 3. Relation between IQ, school performance, and FSS for adolescents perceiving high
parental expectations. Depicted are the standardized estimates (beta and standard error). The
dotted lines represent the paths that are not significant. T1= assessment wave 1, T2 = assessment
wave 2, T3 = assessment wave 3, FSS = Functional somatic symptoms
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Figure 4. Relation between IQ, school performance, and FSS for adolescents perceiving low
parental expectations. Depicted are the standardized estimates (beta and standard error). The
dotted lines represent the paths that are not significant. T1= assessment wave 1, T2 = assessment
wave 2, T3 = assessment wave 3, FSS = Functional somatic symptoms
Model for adolescents perceiving low parental expectations
The model is depicted in Figure 4; only significant paths are given. The model fit
was good (χ² [df = 3] = 2.86, p = .41; CFI = 1.00; TLI = 1.00; RMSEA < .01). The
estimated trait variance in FSS ranged from 31% (.56²) to 33% (.57²). According to
the model, there was no significant association between IQ and trait FSS.
Furthermore, IQ was significantly positively associated with school performance at
T1 and T2, while the association between IQ and school performance at T3 was
not significant. School performance at T1 predicted school performance at T2, and
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school performance at T2 predicted school performance at T3. With regard to the
paths between school performance and state FSS, no path was significant. Thus,
there were no significant indirect paths between IQ and state FSS via school
performance. State FSS at T1 did not predict state FSS at T2, but state FSS at T2
predicted state FSS at T3. After fixing all paths between school performance and
state FSS at zero, the model fit was good (χ² [df = 11] = 11.59, p = .40; CFI = . 99;
TLI = .99; RMSEA = .02), and the model did not significantly alter (∆χ² [df = 8] =
8.73, p = .37). Estimates remained essentially the same after multiple imputation
analyses.
DISCUSSION
This study demonstrates that low intelligence is associated with a higher
predisposition for FSS. School performance did not mediate the association
between intelligence and state FSS. The association between intelligence and trait
FSS was significant for adolescents perceiving high but not for those perceiving
low parental expectations.
There are several strengths of this study. First, we used a large longitudinal
population cohort without applying strict inclusion criteria. Therefore, results are
likely to be generalizable to adolescents from the general population. Second, we
used structural equation models with trait and state FSS to test our hypotheses.
These models are preferred, because they are multi-dimensional and include FSS
scores at specific time points, while also taking into account the underlying risk
factor for FSS. Third, instead of using arbitrary cut-off points that might result in
inevitable loss of information and power (Escobar et al., 1998), we strengthened
our analyses by the use of continuous measures for FSS.
Besides strengths, there are also limitations that should be considered when
interpreting our results. First, the WISC-R measures only two subtests for
intelligence. Although intelligence was therefore not measured fully breadthways,
the WISC-R includes a verbal subtest (vocabulary test) and a performance subtest
(block design test), measuring verbal skills as well as spatial skills. Second, we
only measured intelligence at the first wave. However, intelligence is a stable
factor from the age of 10-12 years onwards (Waber et al., 2007). A third limitation
is the fact that FSS were measured by self-reports. It is therefore not certain if FSS
were truly not the result of conventional medical conditions. However, we
previously performed a factor analysis which indicated that we were measuring
one underlying construct (Janssens et al., 2010). In addition, it was explicitly
stated in the questionnaire that the FSS had to occur without medical cause or
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without obvious reason. It may be argued that this complex statement was more
difficult to understand for adolescents with low intelligence. Such bias would
decrease the reporting of FSS in adolescents with low intelligence, which would
imply that our results might be an underestimation of the negative association
between intelligence and FSS.
To the best of our knowledge, we are the first to study the direct association
between intelligence and FSS in adolescents. We found a negative association
between intelligence and FSS in adolescents, which was not mediated by school
performance. One study, comparing children that complain often of FSS with
children that complain never or sometimes of FSS, found low school performance
in children that complain often of FSS (Campo et al., 1999). In contrast to our
general population study, that study focused on a clinical sample with severe
problems.
Even though we found an association between low intelligence and risk of FSS as
we hypothesized, results differed somewhat from our expectations. High
intelligence was significantly associated with high school performance in primary
school, but this association decreased in the subsequent measurement waves in
which adolescents were in secondary school. Several explanations for this
decrease can be proposed. Adolescents in secondary school are in an educational
level matching their intelligence, explaining the decreasing strength between
intelligence and school performance over time. Moreover, school performance in
adolescence partly depends on motivation (Fortier et al., 1995) that might
influence school performance more strongly than intelligence. Another explanation
might be found in the way we analyzed our data. Part of the effect between
intelligence and school performance at the second and third wave might be
included in the autoregressive paths between school performances at different
waves. Logically, this results in less strong effects over time between intelligence
and school performance. When we performed simple regression analyses
between intelligence and school performance at each wave, we found the same
decrease in strength between intelligence and school performance over time,
indicating that the autoregressive paths are not responsible for the decreasing
correlation between intelligence and school performance.
Our results show that low school performance is not a risk factor for FSS in
adolescents perceiving high parental expectations. Nevertheless, we found a
significant negative association between intelligence and FSS in adolescents
perceiving high parental expectations, while we found no association between
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intelligence and FSS in adolescents perceiving low parental expectations. These
results seem quite similar to the findings in previous research, where parental
expectations were higher in adolescents with CFS compared to healthy controls
(Godfrey et al., 2009). However, that study was a small cross-sectional casecontrol study, while we studied a large longitudinal population cohort. Moreover,
since we studied expectations related to both parents we were able to identify the
parent with the highest expectations, as perceived by the adolescent, while the
previous study looked at the view of only one parent. Our results suggest that
perceived parental expectations influence the association between intelligence
and FSS via other factors than school performance. In a previous cross-sectional
study on perfectionism and well-being in adolescents (Stoeber and Rambow,
2007), it was found that adolescents that perceive parental pressure report more
somatic complaints and had higher motivation to avoid failure (Stoeber and
Rambow, 2007). Adolescents that perceive high parental expectations or pressure
are thought to experience emotional distress (Stoeber and Rambow, 2007), which
could be reflected in FSS. Alternatively, adolescents with low intelligence may tend
to smoke more often and often have a high BMI, while smoking and high BMI are
also associated with more FSS. Perhaps, adolescents with low intelligence that
are distressed, due to highly perceived parental expectations, tend to smoke more
and engage more often in unhealthy eating behaviors, resulting in FSS.
In conclusion, low intelligence is associated with a higher predisposition for FSS in
adolescents, especially in those adolescents perceiving high parental
expectations. These results suggest that the social context is important for a
healthy development during adolescence. Clinicians dealing with adolescents with
FSS could consider possible interactions between intelligence and perceived
parental expectations, in order to understand the development of FSS in
adolescents. In those cases in which parental factors are suspected to contribute
to the development of FSS, it might be important to involve parents in the
treatment.
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ABSTRACT
Objective: To examine whether parental overprotection contributes to the
development of functional somatic symptoms (FSS) in young adolescents. In
addition, we aimed to study whether this potential effect of parental overprotection
is mediated by parenting distress and/or moderated by the adolescent's sex.
Study design: FSS were measured in 2230 adolescents (ages 10 to 12 years
from the Tracking Adolescents' Individual Lives Survey) by the Somatic
Complaints subscale of the Youth Self-Report at baseline and at follow-up 2½
years later. Parental overprotection as perceived by the child was assessed by
means of the EMBU-C (Swedish acronym for my memories of upbringing–child
version). Parents completed the Parenting Stress Index. Linear regression
analyses were performed adjusted for FSS at baseline and sex.
Results: Parental overprotection was a predictor of the development of FSS in
young adolescents (β = 0.055, p < .01). Stratified analyses revealed that maternal
overprotection was a predictor of the development of FSS in girls (β = 0.085, p <
.02), whereas paternal overprotection was a predictor of the development of FSS
in boys (β = 0.072, p < .01). A small (5.7%) but significant mediating effect of
maternal parenting stress in the relationship between parental overprotection and
FSS was found.
Conclusions: Parental overprotection may play a role in the development of FSS
in young adolescents.
INTRODUCTION
Functional somatic symptoms (FSS) are commonly experienced by children and
adolescents. The most prevalent FSS in children and adolescents are pain, fatigue
and gastrointestinal problems (Perquin et al., 2000;Saps et al., 2009;ter Wolbeek
et al., 2006). It is clear that FSS are the outcome of a multifactorial process:
cognitive, social, and biological factors have been found to play a role. Among the
social factors that have been suggested to contribute to the development of FSS in
children and adolescents are parental behaviors. Several studies suggested that
protecting children too much may ultimately result in worse health outcomes.
Parental overprotection has found to be significantly associated with FSS in
children and adolescents in cross-sectional studies (Mullick, 2002;Wynick et al.,
1997). Retrospective studies in adults also suggested a role of maternal
overprotection during childhood in developing FSS in adult life (Fisher and
Chalder, 2003;Pogromov et al., 2005).

52

PARENTAL OVERPROTECTION
Most likely, the association between parental overprotection and FSS is not similar
to all adolescents but influenced by a wide range of factors, among which parents'
own FSS and the duration and nature of the symptoms (Whitehead et al., 1994). In
this study, we focused on two potential modifiers: the sex of the child and the
parent. Girls often have closer relationships with their parents than boys,
especially with their mothers (Shearer et al., 2005). Furthermore, girls have been
found to report more parental sympathy and encouragement of their illness
behavior than boys and to be allowed more relief from responsibility during illness
than boys (Walker and Zeman, 1992). Not only may the sex of the child, but also
that of the parent influence associations between parental overprotection and
FSS. However, a retrospective study in adults found that both maternal and
paternal overprotection during childhood were equally associated with
psychological disorders (Overbeek et al., 2007).
The above studies suggest parental overprotection to be associated with FSS
(Fisher and Chalder, 2003;Mullick, 2002;Pogromov et al., 2005;Wynick et al.,
1997). It is not known whether parental overprotection truly contributes to the
development of FSS, nor via which mechanism overprotection may lead to the
development of FSS in children. A possible pathway is that parents who have the
inclination to overprotect their children experience more stress during parenting.
Overprotective parents feel the need to have control over child-rearing situations
and may become distressed when they are not able to succeed. Among other
things, parental distress may be expressed as depression, anxiety, or parenting
stress all of which have been shown to be associated with FSS in children
(Domenech-Llaberia et al., 2004;Eccleston et al., 2004;Ramchandani et al., 2006).
This study focused on parenting stress in particular, because parenting stress is
just as parental overprotection related to the child-rearing situation.
We studied the contribution of parental overprotection to the development of FSS
in a Dutch general population sample of young adolescents (1132 girls and 1098
boys, ages 10 to 12 years at baseline). We hypothesized that (a) parental
overprotection is a predictor of the development of FSS; (b) both maternal
overprotection and paternal overprotection are predictors of the development of
FSS in young adolescents; (c) girls are more susceptible to develop FSS when
perceiving overprotection than boys; and (d) the relation between overprotecting
and developing FSS is mediated by parenting stress.
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METHODS
Sample and procedure
This study is part of the TRacking Adolescents' Individual Lives Survey (TRAILS),
a prospective cohort study of Dutch adolescents. The study was approved by the
Dutch Central Committee on Research Involving Human Subjects. The study
reported here involves data from the first and second assessment wave of
TRAILS, which ran from March 2001 to July 2002 and September 2003 to
December 2004, respectively. At both assessment waves, parents' written
informed consent was obtained after the procedures had been fully explained. In
addition, children gave written informed consent at the second wave.
TRAILS participants were selected from five municipalities in the north of The
Netherlands, including both urban and rural areas. Children born between October
1, 1989, and September 30, 1990 (first two municipalities), or October 1, 1990,
and September 30, 1991 (last three municipalities), were eligible for inclusion,
providing that their schools were willing to cooperate and that they were able to
participate in the study. Of all eligible 2935 children, 76.0% (N = 2230, mean age =
11.09, SD = .56, 50.8% girls) were enrolled in the study.
Of the 2230 baseline participants, 96.4% (N = 2149, 51.0% girls) participated in
the follow-up, which was held 2 to 3 years after baseline assessment (mean
number of months, 30; SD = 5, range: 17 to 48). Mean age at follow-up was 13.56
(SD = 0.53). Of these, 2015 adolescents completed all questions referring to FSS
at follow-up. There were no differences in psychopathology scores (including
baseline FSS) assessed by teacher reports, sex, or age between responders and
nonresponders at follow-up. Detailed information about sample selection and
analysis of nonresponse bias has been reported elsewhere (Huisman et al., 2008).
Measures
Functional somatic symptoms
FSS at baseline and follow-up were measured by the Somatic Complaints
subscale of the Youth Self-Report (YSR) (Achenbach et al., 2003). The YSR is
known to have a good cross-cultural validity (de Groot et al., 1996). The Somatic
Complaints subscale contains nine items, which refer to somatic complaints
without a known medical cause (aches/pains, headache, nausea, eye problems,
skin problems, stomach pain, and vomiting) or without obvious reason
(overtiredness and dizziness). The adolescents could indicate whether they
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experienced these complaints on a 3-point-scale, with 0 = never, 1 = sometimes or
a little bit, and 2 = often or a lot. We performed a factor analysis to examine
whether these symptoms could be analyzed as a single trait. The factor analysis
indicated that two items (eye problems and skin problems) had low factor loadings
at both assessment waves in both girls and boys, suggesting that these items did
not represent the underlying construct well in our sample and may better be
excluded. The remaining seven items showed good internal consistency
(Cronbach's α at baseline: 0.76, at follow-up: 0.77), and were therefore combined
into a scale. The scale score represents the mean item score.
Anxiety and depression
Symptoms of anxiety or depression at baseline were measured by the
Anxiousness and Depressed Subscale of the YSR. This scale contained 13 items
referring to symptoms of anxiety and depression, which showed good internal
consistency (Cronbach's α: 0.78). The scale score represents the mean item
score.
Overprotection
Parental overprotection at baseline was measured by use of the overprotection
subscale of the EMBU-C (Swedish acronym for My memories of upbringing), a
questionnaire developed to assess children's perceptions of parental rearing
practices, which has been shown to be valid for the Dutch population (Markus et
al., 2003). Young adolescents filled out this questionnaire for both their mother and
their father, resulting in data of both maternal and paternal overprotection. We
were interested in overall parental overprotection in the family as well because
paternal and maternal overprotection may partly compensate for each other. We
calculated total parental overprotection scores in the family by taking the mean of
the maternal and paternal overprotection scores. The EMBU-C contains 12 items
referring to children's perception of parental overprotection, which can be rated on
a 5-point scale ranging from 0 = never to 4 = always (Cronbach's α parental
overprotection = 0.84; paternal overprotection = 0.70; maternal overprotection =
0.71). Examples of overprotection items are: “Are your parents very concerned
about your physical health?”; “Do your parents forbid you to do things that your
classmates are allowed to do, because they are afraid of something happening to
you?” and “Do you think your parents have high expectations as far as your school
results, sports achievements and so on are concerned?” The scale score
represents the mean item score.
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Parenting stress
The amount of parenting distress parents experienced at baseline was measured
by a Dutch short version of the Parenting Stress Index (PSI) the NOSIK
(Nijmegian parental stress index short version) (De Brock et al., 1992). Of all
parents 2048 filled out the PSI of which 1951 were mothers (>95%). This version
of the PSI contains 25 items that could be rated on a 6-point scale ranging from 1
= disagree very much to 6 = agree very much. It consists of 2 subscales, with 11
items referring to child characteristics and 14 items referring to parent
characteristics within the caregiving context. One item (item 24: “I feel confident
about the future upbringing of my child”) was excluded because of a low factor
loading in this sample. A total scale score was computed by taking the mean item
score, which showed good internal consistency (Cronbach α = 0.94).
Data analysis
To test differences between FSS at baseline and follow-up and between maternal
and paternal overprotection scores, we used paired-sample t-tests. To test
differences between boys' and girls' FSS and overprotection scores, we used
independent-samples t-tests. To examine the cross-sectional association between
parental overprotection and FSS at baseline, we performed regression analyses
adjusted for sex. Next, we tested whether parental overprotection was a predictor
of the development of FSS at follow-up, using a linear regression model in which
the effect of overprotection was adjusted for FSS at baseline and sex. We
repeated these analyses while adjusting for baseline anxiety and depression,
because anxiety and depression could possibly confound the relationship between
FSS and parental overprotection. To test whether parental overprotection only
starts to play a role after the emergence of FSS or also contributes to the
development of FSS in initially symptom-free adolescents, FSS at follow-up was
regressed on parental overprotection in the subgroup without FSS at baseline (N =
343; mean age, 11.11; SD: 0.55; 43.4% girls). In contrast with FSS in the total
sample, FSS at follow-up in this group were not distributed normally, we recoded
them into 0 = no complaints and 1 = 1 or more complaints at follow-up, and
performed logistic regression analyses, again adjusting for sex. Sex differences
were explored by performing the prospective linear regression analyses, adjusted
for baseline FSS, for boys and girls separately. To test whether maternal parenting
stress at baseline mediated the relationship between maternal overprotection at
baseline and the development of FSS at follow-up, we used a bootstrapping
procedure developed by Preacher and Hayes (Preacher and Hayes, 2008). The
latter analysis was confined to the young adolescents of whom the mother
completed the parenting stress questionnaire (N = 1951; adolescents in this group
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did not differ in age or sex from the total sample). We tested this mediation for
maternal overprotection and not for paternal overprotection, because of the lack of
availability of paternal parenting stress scores. All analyses were done with SPSS
15.0 for Windows (SPSS Inc, Chicago, Illinois). P-values < .05 were considered
statistically significant.
RESULTS
Functional Somatic Symptoms
Girls reported significantly (t = 3.87, p < .01) more FSS (mean = 3.45, SD = 2.48)
at baseline than boys (mean = 3.04, SD = 2.40). At follow-up, girls reported again
significantly (t = 9.84, p < .001) more FSS (mean = 3.23, SD = 2.56) than boys
(mean = 2.17, SD = 2.26). Table 1 shows the percentages of girls and boys who
experienced FSS at baseline and follow-up. The prevalence of most complaints
declined at wave 2 as compared with wave 1. Exceptions were overtiredness,
which increased in boys and girls, and dizziness, which increased in girls at
assessment wave 2 (Table 1).
Parental overprotection: longitudinal associations
Linear regression analyses, adjusted for baseline FSS and sex, revealed that total
parental overprotection scores at baseline significantly predicted FSS at follow-up
(β = 0.055, t = 2.65, p < .01). More specifically, both maternal overprotection at
baseline (β = 0.056, t = 2.68, p < .01) and paternal overprotection at baseline (β =
0.048, t = 2.32, p = .02) were predictors of FSS at follow-up. When adjusted for
adolescents' anxiety/depression at baseline, parental overprotection was still a
significant predictor of the development of FSS in young adolescents (β = 0.057, t
= 2.70, p < .01).
To examine whether parental overprotection predicted the development of newonset FSS as well, we examined all initially symptom-free adolescents. Logistic
regression analyses revealed total overprotection to show a trend towards being a
significant predictor of the development of new onset FSS (OR: 1.77; 95%-CI:
0.92-3.40). Paternal overprotection was a significant predictor of the development
of new onset FSS (OR: 1.98; 95%-CI: 1.03-3.82), maternal overprotection
outcomes pointed in the same direction, although results did not reach significance
(OR: 1.55; 95%-CI: 0.86-2.81) in this group of initially symptom-free adolescents.
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Table 1. Percentages of adolescents endorsing different levels of functional somatic
symptoms at baseline and follow-up
Headache
Sometimes, a bit
Often, a lot
Stomach pain
Sometimes, a bit
Often, a lot
Nausea
Sometimes, a bit
Often, a lot
Aches, pains
Sometimes, a bit
Often, a lot
Dizziness
Sometimes, a bit
Often, a lot
Vomiting
Sometimes, a bit
Often, a lot
Overtiredness
Sometimes, a bit
Often, a lot

Girls T1

Boys T1

Girls T2

Boys T2

56.1
10.9

52.8
8.0

51.7
9.7

40.3
5.6

58.1
6.4

51.3
3.9

48.9
6.4

34.6
1.1

46.5
3.9

42.1
3.1

40.1
4.2

27.6
1.3

40.5
2.6

36.3
2.8

26.2
2.3

21.7
1.4

28.9
5.3

24.7
3.0

34.4
6.4

22.9
1.7

31.2

30.3

13.9

14.7

1.5

1.6

0.5

0.5

18.3
1.7

21.1
1.4

35.0
8.1

23.9
5.1

T1 = baseline; T2 = follow-up
Parental overprotection: cross-sectional associations
The mean total overprotection scores was 1.86 (SD = 0.39). Maternal
overprotection scores (mean = 1.93, SD = 0.41) were significantly higher (t =
−26.2, p < .001) than paternal overprotection scores (mean = 1.79, SD = 0.39).
Linear regression analysis revealed that total parental overprotection was
significantly associated with FSS at baseline (β = 0.22, t = 10.18, p < 0.001). More
specifically, both maternal overprotection (β = 0.21, t = 9.98, p < .001) and
paternal overprotection (β = 0.21, t = 9.98, p < .001) were associated with FSS at
baseline.
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Adolescents' sex differences
Overprotection scores reported by boys (mean = 1.88, SD = 0.39) were
significantly higher (t = -2.81, p < 0.01) than those reported by girls (mean = 1.84,
SD = 0.37), although this is only a small difference. We performed analyses
adjusted for baseline FSS for boys and girls separately to explore whether the
predictive effects of parental overprotection on the development of FSS showed
sex differences. The association between total overprotection scores at baseline
and FSS at follow-up was significant for boys (β = 0.066, t = 2.15, p = 0.032). For
girls the association between total overprotection at baseline and FSS at follow-up
approached significance (β = 0.049, t = 1.65, p = 0.098). Exploration of motherdaughter, mother-son, father-daughter and father-son dyads revealed a significant
relationship between maternal overprotection at baseline and FSS at follow-up in
girls (Table 2) and paternal overprotection at baseline and FSS at follow-up in
boys (Table 3). No significant relationships were found between paternal
overprotection at baseline and FSS at follow-up in girls (Table 2) and between
maternal overprotection at baseline and FSS at follow-up in boys (Table 3). These
tables also show that baseline FSS is a strong predictor of FSS at follow-up.
Table 2. Linear regression analyses predicting functional somatic symptoms at follow-up in
girls
Predictor

Β

T

R2

Maternal overprotection

0.072*

2.44

0.18

FSS T1

0.41**

13.8

Paternal overprotection
FSS T1

0.021
0.42**

0.71
14.2

0.18

FSS T1 = functional somatic symptoms at baseline. *p < .05, **p < .001
Table 3. Linear regression analyses predicting functional somatic symptoms at follow-up in
boys
Predictor

Β

T

R2

Maternal overprotection
FSS T1

0.042
0.39**

1.35
12.5

0.16

Paternal overprotection
FSS T1

0.085*
0.37**

2.72
11.9

0.16

FSS T1 = functional somatic symptoms at baseline. * p < .05, ** p <.001

59

CHAPTER 4
Mediation by maternal parenting stress
To test the mediation effect of maternal parenting stress in the relation between
maternal overprotection and the development of FSS, we checked the two
assumptions of mediation. First, the mediator (maternal parenting stress) has to
affect the dependent variable (FSS at follow-up). Maternal parenting stress,
adjusted for FSS at baseline and sex, significantly predicted FSS at follow-up (β =
0.086, t = 4.02, p < .001). Second, the independent variable (maternal
overprotection) has to be associated with the mediator (maternal parenting stress).
Maternal overprotection was associated with maternal parenting stress (β = 0.11, t
= 4.76, p < .001). These analyses revealed that the two assumptions to test
mediation were met. When maternal parenting stress was included in the
regression model of maternal overprotection predicting FSS at follow-up, β fell
from 0.071 (t = 3.21, p < .01) to 0.067 (t = 3.02, p < .01). This reduction in
regression coefficient was modest, 5.7%. Nevertheless, bootstrapping revealed
that the indirect effect was statistically significant, with the 95% confidence interval
ranging from 0.017 to 0.091.
DISCUSSION
Our study confirms findings from previous cross-sectional and retrospective
studies suggesting a relationship between parental overprotection and FSS
(Fisher and Chalder, 2003;Mullick, 2002;Pogromov et al., 2005;Wynick et al.,
1997). This enlarges the cross-cultural validity of this finding. Moreover, unlike
previous studies we were able to ensure that parental overprotection was a
contributive factor to the development of FSS. Analyses in a group of initially
symptom-free adolescents resulted in essentially the same findings. Another
strength of our study is that we measured parental overprotection as perceived by
the child instead of parent reports, because the child's perception of his/her
parents' rearing behaviors is likely to be more relevant for the development of FSS
than parent reports. Our large general population cohort enhances the probability
that the findings are generalizable. Another reason to have confidence in the
generalizability of our findings is that the prevalence of FSS found in this study
was largely comparable with previous population-based studies(1-3). Our study
confirms that FSS are common in adolescents. Furthermore, the general notion
that girls report more symptoms than boys and that this sex difference increases
during adolescence (Eminson et al., 1996;Hetland et al., 2002;Rauste-Von Wright
and Von Wright, 1981) is supported by our study. Unlike some recent studies on
the development of FSS (Hetland et al., 2002;Steinhausen and Metzke, 2007), we
found a decrease of most FSS during adolescence. This may be due to the short
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follow-up period and the small age range of children studied: other studies who
followed up children about the same age closely in time, also indicated a decrease
of symptoms after early puberty (Oster, 1972;Rauste-Von Wright and Von Wright,
1981). The exact developmental pattern of FSS during puberty needs further
investigation.
It has never been studied whether both maternal and paternal overprotection
contribute to the development of FSS in children and adolescents. We do know
that both paternal and maternal overprotection predict other mental health
outcomes (Overbeek et al., 2007). Consistent with that, we found maternal as well
as paternal overprotection to be significant predictors of the development of FSS.
This is an important finding with regard to the design of future studies, because
mostly only maternal rearing behavior is examined and hence important
information is lacking.
We were the first who studied the role of sex differences in the relationship
between parental overprotection and FSS. Our exploratory analyses suggest that
girls are more susceptible to maternal overprotection and boys to paternal
overprotection. Our findings are in line with a previous study on child
characteristics and parental overprotection, which found that maternal
overprotection influences harm avoidance and self-directedness in girls, whereas
paternal overprotection influences harm avoidance and self-directedness in boys
(Oshino et al., 2007). The putative stronger relationship between overprotection
and FSS in same-sex dyads may be caused by the parents, the children or both.
Overprotective parents may pay more attention to the same-sex complaining
children because they find it easier to identify with them. For the child the same
sex-parent may function as a role model when it comes to dealing with FSS.
Indeed, children have been found to mirror the FSS of their parents (van de Putte
et al., 2006). Further research should be done to clarify whether overprotective
parents are experiencing more FSS themselves.
An additional aim of our study was to examine how parental overprotection
contributes to the development of FSS. We found maternal parenting stress to
only partly mediate the relationship between maternal overprotection and FSS. We
want to address that, although we studied the effect of parental overprotection on
parenting stress, this relationship is probably more complex as parenting stress
may lead to parental overprotection as well. That parenting stress only partly
mediated the relationship between parental overprotection and FSS hints at
additional mediators, which explain other parts of the relationship between
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parental overprotection and FSS. Possibly, for instance, overprotective parents
pay more attention to their children's complaints. An experimental study showed
that children reported significantly more complaints when their parents gave
attention to their complaints, than when parents distracted them from their
complaints (Walker et al., 2006). Furthermore, parental overprotection may
prevent adolescents from developing active coping strategies for their FSS. Active
coping strategies have been found to be important for dealing with FSS (Sanders
et al., 1994).
We acknowledge two limitations to our study. We cannot know for sure that the
FSS reported are FSS in the sense that there is truly no conventional disease
accounting for the complaints reported. However, we consider it quite likely that
we actually measured FSS. First, the Somatic Subscale of the YSR states that
they have to occur without obvious reason or without a known medical cause.
Second, all complaints included loaded on the same factor at both assessment
waves in both girls and boys, which strongly suggests that they reflect an
underlying general trait. Finally, symptoms which are the result of a known medical
condition do also have a subjective component, which can be influenced by
parental behavior, although probably to a lesser degree (Gidron et al., 1995).
Therefore, if we were (accidently) partly measuring medically explained symptoms,
the current findings are probably underestimations of the actual effect of parental
overprotection on functional symptoms. Another limitation is that although we
found that parental overprotection was a predictor of FSS, we do not know
whether this is a causal association. It requires an intervention study to examine
whether a reduction in parental overprotection truly leads to a reduction in
adolescents' FSS. A family intervention study found that children who received
cognitive behavioral family therapy had a higher rate of elimination of pain, lower
levels of relapse at follow-up, and lower levels of interference with their activities
than children receiving standard pediatric care (Sanders et al., 1994). However,
this family therapy was not restricted to parental overprotection.
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CHAPTER 5
ABSTRACT
Objective: To examine whether school absenteeism is a perpetuating factor of
FSS, and whether this holds true for bullied adolescents
Study design: This study is part of the longitudinal population based study
Tracking Adolescents’ Individual Lives Survey. Data from assessment wave 2 (N =
2149, 51.0% girls, mean age = 13.65, SD = 0.53) and assessment wave 3 (N =
1816, 53.3% girls, mean age = 16.25, SD = 0.72) were used. Peer victimization
was assessed by peer nominations, school absenteeism by both parent and
teacher reports, and FSS by the Youth Self-Report.
Results: Structural equation modeling revealed that school absenteeism at the
second wave, adjusted for FSS at the second wave, predicted FSS at the third
wave in the entire cohort (β = 0.12, 95% confidence interval = 0.02 - 0.22), but not
in the subgroup of bullied adolescents (β = -0.13, 95% confidence interval = -0.62 0.26). However, the difference between bullied and unbullied adolescents did not
reach significance.
Conclusion: This study provides evidence that school absenteeism is a
perpetuating factor of FSS in adolescents. A clinical intervention study is
necessary to examine whether preventing school absenteeism truly helps to
reduce FSS in adolescents.
INTRODUCTION
Functional somatic symptoms (FSS) are somatic symptoms which cannot be fully
explained by a known medical condition. FSS are very common during
adolescence: about 25% of the adolescents suffer from chronic or recurrent pain
(Perquin et al., 2000), and about 10% are chronically fatigued (ter Wolbeek et al.,
2006). Studies have shown that FSS are a burden for the child and the family
(Hunfeld et al., 2002). Adolescents experiencing FSS frequently miss school
(Campo et al., 1999;Konijnenberg et al., 2005;Roth-Isigkeit et al., 2005;Wiendels
et al., 2005), and their symptoms contribute to high health care costs (Sleed et al.,
2005). More insight into the etiology of this important health problem might aid the
development of effective prevention and intervention strategies.
As mentioned, adolescents who suffer from FSS are frequently missing school
(Campo et al., 1999;Konijnenberg et al., 2005;Roth-Isigkeit et al., 2005;Wiendels
et al., 2005). It is unknown whether school absenteeism in turn has a
disadvantageous effect on the course of FSS. School absenteeism might have
such an effect, because if adolescents with FSS stay home from school, they have
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less distraction from their FSS and may become more focused on them. Focusing
on physical symptoms heightens the intensity of these symptoms (Martin et al.,
1991). In this way, school absenteeism might be a perpetuating factor of FSS.
If school absenteeism turns out to be indeed a perpetuating factor of FSS, the
question remains whether this holds true for all adolescents. School absenteeism
might not be a perpetuating factor of FSS in adolescents who are freed from
symptom triggers when staying home from school A possible symptom trigger is
being bullied, since being bullied is a heavy stressor for adolescents (Carney,
2008) and has a negative influence on the development of FSS (Fekkes et al.,
2006;Gini and Pozzoli, 2009). By being freed from being bullied, school
absenteeism may have an advantageous effect on the course of FSS in bullied
adolescents. This advantageous effect may mitigate the presumably
disadvantageous effect of becoming more focused on FSS when staying home
from school. Therefore, school absenteeism may not have a perpetuating effect on
FSS in bullied adolescents.
We thus hypothesized that school absenteeism has a disadvantageous effect on
the course of FSS in adolescents, and that this does not hold true for bullied
adolescents. We used longitudinal data from a general population of adolescents
and their classmates to examine our hypotheses.
METHODS
Sample and procedure
This study is part of the TRacking Adolescents’ Individual Lives Survey (TRAILS).
TRAILS is a prospective cohort study of Dutch adolescents. The study was
approved by the Dutch Central Committee on Research Involving Human
Subjects. The study reported here involves data from the second and third
assessment wave of TRAILS, which ran from September 2003 to December 2004
and from September 2005 to August 2008, respectively. Data from the first wave
were not used, because the assessments of peer victimization and school
absenteeism were less extensive during this wave, and because the majority of
the cohort switched schools between the first and the second assessment wave.
TRAILS participants were selected from five municipalities in the North of the
Netherlands, including both urban and rural areas. All children born between 1001-1989 and 09-30-1990 (first two municipalities) or 10-01-1990 and 09-30-1991
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(last three municipalities) were eligible for inclusion, provided that their schools
were willing to cooperate and that they were able to participate in the study. Over
90% of the schools, accommodating 3,145 children, agreed to participate in the
study. A small proportion (6.7%) of these children was excluded because of
mental or physical incapability or language problems. Of the remaining 2935
children, 2230 (76.0%, mean age= 11.09 years, SD = 0.56, range 10–12, 50.8%
girls) were enrolled in the study (i.e., both child and parent agreed to participate).
Teacher reports, which were available for 40.7% of the nonresponders, revealed
that they did not differ from responders with respect to the prevalence of problem
behavior, nor regarding associations between sociodemographic variables and
mental health outcomes, but nonresponders were more likely to be boys, to have a
low socioeconomic background, and to perform poorly at school (de Winter et al.,
2005). Parents’ and adolescents’ written informed consent was obtained after the
procedures had been fully explained.
Of the 2230 baseline participants, 96.4% (N = 2149, mean age = 13.65 years, SD
= 0.53, 51.0% girls) participated in the first follow-up assessment (T2), which was
held two to three years after assessment wave 1 (mean number of months 29.44,
SD = 5.37, range 16.69–48.06). At the third assessment wave (T3), which was
held two to four years after T2, the response was 81.4% (N = 1816, mean age =
16.25 years, SD = 0.72, 53.3% girls). Attrition to follow-up at T2 and T3 was not
related to FSS at preceding assessment (results available upon request).
Measures
Functional somatic symptoms
FSS were assessed by the Somatic Complaints Scale of the Youth Self-Report
(Achenbach et al., 2003) at T2 and T3, which is known to be a valid and reliable
instrument (de Groot et al., 1996;Weinstein et al., 1990).This scale contains nine
items referring to somatic complaints without a known medical cause
(aches/pains, headache, nausea, eye problems, skin problems, stomach pain, and
vomiting) or without obvious reason (overtiredness and dizziness). The
adolescents could indicate whether they experienced these complaints on a three
point scale, with 0 = never, 1 = sometimes or a little bit, 2 = often or a lot. Factor
analysis indicated that two items (eye problems and skin problems) had low factor
loadings at both assessment waves in both boys and girls, suggesting that these
items did not represent the underlying construct well in our sample. These items
were therefore excluded. The remaining seven items, which were combined in a
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sum score, showed good internal consistency (Cronbach’s α at T2: .77 and at T3:
.76).
School absenteeism
School absenteeism was assessed using both the teacher and a parent (usually
the mother) as informants. The question used to measure school absenteeism at
T2 was: ‘How often has this pupil/your child been absent from school during the
past six months because of illness?’ The responses were grouped into 6
categories: ‘never’, ‘1 day’, ‘2-3 days’, ‘4-6 days’, ‘7-9 days’, and ‘10 or more days’.
The correlation between parent and teacher report was moderate (r = .38). To get
the most accurate estimate of school absenteeism, we composed a latent factor of
school absenteeism reported by the teacher and the parent.
Peer victimization
Peer victimization was assessed at T2 by peer nominations. A previous study
within TRAILS has shown that peer nominations are a valid and reliable way to
assess peer victimization (Veenstra et al., 2007). Peer nominations were
performed in classes with at least three TRAILS-participants, that is, 172 classes
in 34 schools, in first grade (72 classrooms) and second grade (100 classrooms)
of secondary education. The classrooms were evenly divided by educational track:
low (60 classrooms), middle (53 classrooms), and high (59 classrooms). Of all
3672 adolescents who were approached to participate, 90.2% completed the peer
nomination assessment (for details see Dijkstra et al., 2008). So 3312 adolescents
(1,675 boys, 1,637 girls) participated, including 1078 regular TRAILS participants.
Age, gender, and FSS at T2 in this subsample of 1078 participants did not differ
significantly from those of the other TRAILS participants. Participants received a
list of all classmates and were asked to indicate who in their classroom they were
bullying. The number of nominations they could make was unlimited, but they were
not required to nominate anyone. The proportion of classmates by whom
adolescents were bullied was computed (for details see Veenstra et al., 2005).
Adolescents who were nominated by at least one of their classmates were
considered bullied adolescents, resulting in 235 bullied adolescents (21.8 %).
Measures based on peer nominations are potentially more reliable and valid than
self-reports, because peer nominations reflect the aggregate of all the nominations
a person received from others (Newcomb et al., 1993;Salmivalli, 2001).
Statistical analyses
Since not all data was normally distributed, Spearman correlations and
bootstrapping procedures were used. Spearman partial correlations were
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calculated for all variables, adjusting for gender, using SPSS Version 18. To test
our hypotheses, the data were fitted to the structural equation model presented in
Figure 1a, using Mplus Version 6. Our first hypothesis, that school absenteeism
perpetuates FSS, was tested using a bias-corrected bootstrapping procedure.
Thousand resamples with the same sample size as our study sample (N = 2230)
were randomly drawn with replacement. So, although each resample will have the
same number of elements as the original sample, some adolescents were
included in a specific resample several times, whereas others were not included,
and so the 1000 samples were likely to randomly depart from the original sample.
The effect of school absenteeism at T2 on FSS at T3 was calculated for each
resample. Thereafter, the mean and the 95% confidence interval (CI) of these
1000 effect estimates were calculated. The effect was considered significant if the
95% CI did not cross zero.
Our second hypothesis, that school absenteeism is not a perpetuating factor of
FSS in bullied adolescents, was tested by repeating the procedure for the
subgroup of 235 adolescents who were bullied by at least one of their classmates.
We tested whether the association between school absenteeism at T2 and FSS at
T3 differed significantly between bullied and unbullied adolescents by performing a
subgroup analysis for bullied and for unbullied adolescents in the subpopulation of
1078 adolescents who participated in the classmate reports. Group differences
were examined by testing (χ2 difference test) if the model fit worsened significantly
when the relation between school absenteeism at T2 and FSS at T3 was
constrained to be the same in the group of bullied and unbullied adolescents.
Model fits were considered good when the Comparative Fit Index (CFI) and the
Tucker-Lewis Index (TLI) were greater than .95, and the Root Mean Square Error
of Approximation (RMSEA) was smaller than .05 (Bentler, 1990). Ideally, the χ²
should be nonsignificant (p > .05) as well, but in sample sizes larger than 200 a
nonsignificant χ² is generally considered to be too conservative (18). To examine
whether our results were biased due to missing data (see Table 1 for the number
of valid data), a multiple imputation approach was used (Adèr, 2008;Muthen and
Muthen, 2010). Mplus performed all analyses on 10 imputed databases and
computed average estimates. The results turned out to be essentially the same for
imputed and non-imputed data, suggesting that the missing data did not bias our
results. We report the results of non-imputed data, because it is not possible to
acquire CIs for imputed data in Mplus. All analyses were adjusted for gender,
because FSS, peer victimization and school absenteeism are known to be genderdependent (Kroenke and Spitzer, 1998;Nilsson et al., 2009;Veenstra et al., 2005).
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RESULTS
Descriptive statistics
Descriptive statistics were computed for FSS and school absenteeism (Table 1).
FSS decreased during follow-up (Table 1). School absenteeism as reported by the
teacher was higher than school absenteeism as reported by the parent (Table 1).
The proportion of classmates by whom adolescents were bullied at T2 ranged
from 0 to 0.44. School absenteeism as reported by the parent and the teacher at
T2 were associated with FSS at T2 and T3 (Table 2). Peer victimization at T2 was
related to school absenteeism as reported by the teacher at T2, but not with
school absenteeism as reported by the parent at T2 (Table 2). Associations
between peer victimization at T2 and FSS at T2 and T3 failed to reach significance
(p > .05).
Table 1. Descriptive statistics of school absenteeism and FSS
Measure
T21

FSS
FSS T31
School absenteeism (PR)
T22
School absenteeism (TR)
T22

Valid N

Mean (SD)

Range

2015
1636
1918

2.7 (2.5)
2.4 (2.4)
2.3 (1.3)

0-13
0-12
1-6

1440

3.0 (1.4)

1-6

FSS = functional somatic symptoms, T2 = assessment wave 2, T3 = assessment wave 3, PR = parent report,
TR = teacher report, 1Sumscore of seven FSS, each rated on a three point scale (0 = never, 1 = sometimes or
a little bit, 2 = often or a lot), 2Absence during the past six months because of illness (0 = never, 1 = 1 day, 2 =
2-3 days, 3 = 4-6 days, 4 = 7-9 days, 5 = 10 or more days).
Table 2. Spearman partial correlations between FSS, school absenteeism and peer victimization
School
absenteeism
(PR) T2
School absenteeism
(PR) T2
School absenteeism
(TR)T2
FSS T2
FSS T3
Peer victimization T2

School
absenteeism
(TR) T2

FSS T2

FSS T3

1.00
.40*
.06

1.00
.05

Peer
victimization
T2

1.00
.38*

1.00

.15*
.12*
.01

.13*
.09*
.10*

1.00

PR = parent report, TR = teacher report, T2 = assessment wave 2, T3 = assessment wave 3, *p < 0.01, all
correlations are adjusted for gender
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School absenteeism and FSS in the entire cohort
The model of FSS and school absenteeism, shown in Figure 1a, had excellent
model fits (χ² [df=2] =1.4, p = .47; CFI = 1; TLI = 1; RMSEA < .01). Path analyses
(Figure 1a) showed that FSS at T2 were associated with school absenteeism at
T2. Furthermore, school absenteeism at T2 predicted FSS at T3, when adjusted
for FSS at T2. This finding suggests that school absenteeism is, to some extent, a
perpetuating factor of FSS. Results did not significantly differ for boys and girls
(∆χ2 = 0.23 [∆df =1], p = .63).

School absenteeism
(PR) T2
Gender 0.00

School absenteeism
(TR) T2

0.66

0.64
0.08

School absenteeism T2

FSS T3

-0.24
Gender

0.28
-0.21

0.41
FSS T2

Gender
Figure 1a: School absenteeism and FSS in a general population of adolescents

School absenteeism
(PR) T2
Gender 0.08

School absenteeism
(TR) T2

0.57

0.81
-0.08

School absenteeism T2

FSS T3

-0.22
Gender

0.28
-0.16
Gender

0.43
FSS T2

Figure 1b: School absenteeism and FSS in bullied adolescents
Figure 1a, 1b: PR = parent report, TR = teacher report, T2 = assessment wave 2, T3 = assessment
wave 3. Bias-corrected bootstrap path coefficients and 95% confidence intervals (of standardized
data) are given. Dotted lines indicate non significant paths.
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School absenteeism and FSS in bullied adolescents
In bullied adolescents school absenteeism at T2 did not predict FSS at T3 (Figure
1b). This suggests that school absenteeism does not perpetuate FSS in bullied
adolescents. This model still had excellent model fits (χ² [df=2] =1.9, p = .38; CFI =
1; TLI = 1), probably due to the significant relations between FSS at T2 and school
absenteeism at T2 and FSS at T2 and FSS at T3, and gender effects. When we
modeled the relationship between school absenteeism at T2 and FSS at T3 to be
the same in bullied and unbullied adolescents, the model fit did not significantly
worsen (∆χ2 = 0.62 [∆df =1 ], p = .43).
DISCUSSION
This study provides evidence that school absenteeism is a perpetuating factor of
FSS in adolescents, since we found that school absenteeism at T2 predicted FSS
at T3 after adjusting for FSS at T2. We did not find evidence for such a
perpetuating effect in bullied adolescents, although we should be careful when
interpreting this result, because the effect of school absenteeism on FSS found in
bullied adolescents did not significantly differ from the effect found in the entire
cohort. An explanation for the finding that school absenteeism is a perpetuating
factor of FSS is that adolescents become more focused on their FSS when staying
home from school, and thereby experience more or more severe FSS. This
explanation is consistent with a randomized controlled trial which showed that the
effect of graduated exercise therapy on FSS is partially explained by a reduction in
focusing on FSS (Moss-Morris et al., 2005). The finding that school absenteeism
perpetuates FSS in adolescents might explain our previous finding that parental
overprotection predicts the development of FSS in adolescents (Janssens et al.,
2009) if overprotective parents keep their children home from school more often
than nonoverprotective parents. However, the perpetuating effect of parental
overprotection on FSS was not mediated by school absenteeism (results available
upon request). One could speculate that having overprotective parents is not
associated with school absence, since overprotective parents are not only
concerned about their children’s health, but also about their school performance.
There are several important strengths of this study. One strength of this study is
that we used a large population-based cohort, which increases the generalizability
of our findings. Further, we assessed peer victimization by peer nominations.
Previous studies that examined the relationship between peer victimization and
FSS used self-reports. Self-reports might have overestimated the relationship
between FSS and peer victimization, because some respondents have a tendency
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to report higher on questionnaires than others. Such overestimation could be
indicated by our finding that peer victimization as assessed by classmate reports
was not significantly associated with FSS at baseline and follow-up. Furthermore,
we used longitudinal data, which enabled us to show that school absenteeism is
likely a perpetuating factor of FSS. A final strength is that we gathered information
about school absenteeism from both the parent and the teacher. Presumably, this
gave a more accurate estimation of adolescents’ school absenteeism than singleinformant data. That teachers did not report exactly the same as the parent when
asked about school absenteeism, was reflected in the finding that school
absenteeism as reported by the teacher was correlated with peer victimization,
whereas school absenteeism as reported by the parent was not.
Despite these strengths, we have to mention several limitations to this study. First,
the model we used is a simplification of the complex reality behind the etiology of
FSS. We only address the roles of school absenteeism and peer victimization in
our models, whereas the amount of factors involved in the development of FSS is
extensive (see Berntsson and Gustafsson, 2000 for a review about this topic).
However, we believe that inclusion of more factors that are potentially involved in
the development of FSS would have increased the risk of chance findings and
diminished the comprehensibility of our results. Second, school absenteeism was
measured by both parent and teacher report. These assessments might have
suffered from report bias, since parents and teachers had to remember how many
days their child or student had been absent during the past six months, which is a
quite long period. School records would have provided more accurate information
about absences, but were not available in our study. The inaccurate measurement
of school absenteeism might be one of the reasons why the associations we found
were only small. Third, FSS were measured by the YSR, therefore we are not sure
that the FSS were not the result of conventional medical conditions. However, the
factor analysis showed that we were measuring one underlying construct. In
addition, the YSR explicitly stated that the symptoms had to occur without a
medical cause or without an obvious reason. Another shortcoming of the YSR is
that no information about impairment due to the FSS is obtained, which makes it
difficult to assess the severity and clinical relevance of the symptoms. A final
limitation is that we performed the peer nominations in about half of the sample.
Therefore the group of bullied adolescents was small, so it is not possible to rule
out that the lack of a perpetuating effect of school absenteeism on FSS found in
bullied adolescents was due to a lack of power. To diminish this power problem,
the analyses were repeated in the group of adolescents who self-reported on one
of the questionnaires that they had been bullied at school during the past two
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years. Results in this group of 450 bullied adolescents were comparable to the
results in the 235 bullied adolescents identified by peer nominations. This
increases the robustness of our findings
Since we performed our study in a general population in which the mean levels of
FSS and school absenteeism were low, only few adolescents may have suffered
from severe FSS. Our study is, therefore, more of theoretical than of clinical
importance. Clinical intervention studies are needed to examine whether
stimulating adolescents with severe FSS to go back to school leads to a better
prognosis of FSS. We have shown that school absenteeism is not likely to
perpetuate FSS in bullied adolescents. School absenteeism might also not
perpetuate FSS in adolescents who experience other stressors at school
associated with FSS, for example low school performance (Campo et al., 1999),
fear of failure (Merlijn et al., 2003), or sexual abuse (Paras et al., 2009). Therefore,
future research is needed to unravel, whether for adolescents who are dealing with
school stressors, an intervention might be better focused on solving the problems
experienced at school, prior to focusing on reducing school absenteeism.
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Chapter 6
Pubertal status predicts back pain, overtiredness and dizziness
in American and Dutch adolescents
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CHAPTER 6
ABSTRACT
Objective: Functional somatic symptoms (FSS), symptoms for which no organic
pathological basis can be found, are more prevalent in girls than in boys and this
difference tends to increase during adolescence. This might be explained, at least
in part, by pubertal development. We hypothesized that pubertal maturation
predicts the development of most FSS, and that this is especially true for girls.
Method: We used two longitudinal population based studies to examine our
hypotheses, the Longitudinal Study of Pain in Adolescents in Seattle (N = 1996,
49.7% girls) and the Dutch Tracking Adolescents’ Individual Lives Survey (N =
2230, 51.0% girls). Two assessment waves of each study were used. American
adolescents were younger than Dutch adolescents at the first (11.6 versus 13.6)
and second (14.5 versus 16.2) assessment wave, but they were in about the same
pubertal development stage. FSS were measured by pain questions, the Symptom
Checklist-90, and the Youth Self-Report. The Pubertal Development Scale was
used to assess pubertal development on a continuous scale in both cohorts.
Results: Ordinal logistic regression analyses revealed that American and Dutch
adolescents at a later pubertal status at baseline were more likely (odds ratios
ranging from 1.24 to 1.61) to report back pain, overtiredness, and dizziness, but
not stomach pain and headache two to three years later. Although these relations
were not equally strong for boys and girls, no significant gender differences were
found.
Conclusion: Pubertal status predicted the frequency of some, but not all, FSS at
follow-up.
INTRODUCTION
Functional somatic symptoms (FSS), symptoms for which no organic pathological
basis can be found, are common in adolescents all over the world (Eminson,
2007;Perquin et al., 2000). These symptoms can have significant impact on
adolescents’ lives, by causing school-related problems, problems with peers, and
problems in the family (Eminson et al., 1996). In general, girls experience more
FSS than boys and this difference increases during adolescence (LeResche et al.,
2005). It is unknown which factors are responsible for this increase in gender
difference. One possibility is that pubertal development plays a role. Crosssectional studies suggest that the association between pubertal development and
FSS is different in boys and girls (LeResche et al., 2005;Oldehinkel et al.,
2011;Rhee, 2005). However, research in this field is scarce and findings are
sometimes contradictory. Most studies show that musculoskeletal symptoms,
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headache, dizziness and fatigue increase during pubertal development in girls
(LeResche et al., 2005;Oldehinkel et al., 2011;Rhee, 2005). Findings on the
relationship between gastrointestinal symptoms and pubertal development in girls
are less consistent, since some studies found a negative, some a positive and
some did not find a significant association between the two (Kroner-Herwig and
Vath, 2009;LeResche et al., 2005;Oldehinkel et al., 2011;Rhee, 2005). In boys,
pubertal development is generally associated with a larger decrease in
gastrointestinal symptoms, and with a smaller increase in musculoskeletal
symptoms, headache, dizziness and fatigue than in girls, resulting in a lower
overall prevalence of FSS in boys than in girls at the completion of pubertal
development (LeResche et al., 2005;Oldehinkel et al., 2011;Rhee, 2005).
The relationship between specific FSS and pubertal development has, to the best
of our knowledge, only been studied longitudinally for headache and stomach pain
(Kroner-Herwig and Vath, 2009;Stanford et al., 2008). Consequently, it is unknown
whether other FSS increase or decrease as adolescents proceed through pubertal
development and whether this depends on gender. We hypothesized that: a)
Pubertal maturation is a risk factor for development of back pain, headache,
dizziness and overtiredness, but not for gastrointestinal symptoms, and b) The
relationship between pubertal maturation and specific somatic symptoms is
stronger in girls than in boys. To enlarge the robustness of our findings, we studied
these hypotheses with longitudinal data from two samples, one consisting of Dutch
and one of American adolescents.
METHODS
The Tracking Adolescents’ Individual Lives Survey
The TRacking Adolescents’ Individual Lives Survey (TRAILS) is a prospective
cohort study of Dutch adolescents. The data reported here come from the second
and third assessment wave of TRAILS, which ran from September 2003 to
December 2004, and September 2005 to August 2008, respectively. The
questionnaires used in the current study were all filled out by the adolescents at
school under supervision of a TRAILS employee. TRAILS participants were
selected from five municipalities in the North of the Netherlands, including both
urban and rural areas. All children born between 10-01-1989 and 09-30-1990 (first
two municipalities) or 10-01-1990 and 09-30-1991 (last three municipalities) were
eligible for inclusion, provided that their schools were willing to cooperate and that
they were able to participate in the study. Over 90% of the schools,
accommodating 3,145 children, agreed to participate in the study. A small
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proportion (6.7%) of these children was excluded because of mental or physical
incapability or language problems. Of the remaining 2935 children, 76.0% (N =
2230, mean age= 11.1, SD = 0.6, range 10–12, 50.8% girls) were enrolled in the
study. Information about the sample selection and differences between responders
and non-responders at baseline has been described elsewhere (de Winter et al.,
2005). Ten percent of the sample had at least one parent born in a non-Western
country.
Of the 2230 baseline participants, 96.4% (N = 2149, mean age = 13.7, SD = 0.5,
range=12-15, 51.0% girls) participated in the first follow-up assessment (T2), two
to three years after assessment wave 1 (T1). At the third assessment wave (T3),
two to four years after T2, the response was 81.4% (N = 1816, mean age = 16.3,
SD = 0.7, range=15-18, 53.3% girls). Attrition at the second assessment was not
associated with psychopathology (Huisman et al., 2008). Because the instruments
used at T2 and T3 were most comparable to the instruments used in Seattle, data
from these waves were used in the current study. The study was approved by the
Dutch Central Committee on Research Involving Human Subjects. Parents’ and
adolescents’ written informed consent was obtained.
The Longitudinal Study of Pain in Adolescents in Seattle
The Longitudinal Study of Pain in Adolescents in Seattle is a longitudinal cohort
study in American adolescents. Subjects in this cohort study were boys and girls,
initially all 11 years old, randomly selected from the enrollees of Group Health, a
large non-profit integrated health care system in Washington State, USA. The
study included a baseline interview (which ran from May 2000 to April 2001) and a
three year follow-up interview (which ran from April 2003 to March 2004) each
conducted by telephone. Both interviews were used for the current study. Children
not sufficiently proficient in English to understand the interview questions, or
whose parents were not sufficiently proficient in English to provide informed
consent were considered ineligible.
Of all adolescents invited for this study 49% (N = 1996, mean age= 11.6, range
11.0-12.1, SD = 0.3, 49.7% girls) participated at baseline. Information about
sample selection and differences between responders and non-responders at
baseline can be found elsewhere (LeResche et al., 2005). The majority of
adolescents (66.5%) described their race as White. At the three year telephone
follow-up interview 91.0% of the adolescents (N = 1817, mean age= 14.5, SD =
0.3, 49.4% girls) participated again. All procedures were approved by the
Institutional Review Boards of Group Health and the University of Washington.
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Both the parent or legal guardian and the child provided informed consent (adults)
/ assent (children).
Measures
Functional somatic symptoms
Both studies assessed back pain, stomach pain and headache, the most prevalent
types of pain in adolescents. The adolescents were asked how often they had
experienced these symptoms during the past three months. In the Netherlands,
adolescents filled out questionnaires with seven response categories: ‘Not at all’,
‘Less than once a month’, ‘Once a month’, ‘Two to three times a month’, ‘Once a
week’, ‘Two to six times a week’, and ‘Almost every day’. In the United States,
adolescents could answer the interviewer with four response categories: ‘Not at
all’, ‘Fewer than half of the days’, ‘More than half of the days’, and ‘Almost every
day’. There were few adolescents who reported having pain almost every day in
either the Dutch or American sample. Therefore, in the Dutch sample this category
was combined with the category ‘Two to six times a week’ and in the American
sample with ‘More than half of the days’, resulting in six response categories in the
Dutch and three in the American sample. In the United States, subjects were
explicitly asked to report pains that lasted a whole day or more, or that they had
several times in a year, and not to report little aches and pains that did not last
very long. In the Netherlands no such restrictions were made.
In the Dutch study FSS other than pain symptoms were assessed with the Youth
Self-Report (Achenbach et al., 2003), and in the American study, they were
assessed during the telephonic interview with the Symptom Checklist-90
(Derogatis and Cleary, 1977). We used only items of both questionnaires that we
considered comparable. These were: overtiredness and dizziness without obvious
reason from the Youth Self-Report, which could be rated on a three point scale
(‘not at all’, ‘sometimes/a little bit’, or ‘often a lot’). In the Symptom Checklist, these
items were feeling low in energy/slowed down and faintness/dizziness, which
could be rated on a five point scale (‘not at all’, ‘a little bit’, ‘moderately’, ‘quite a
bit’, or ‘extremely’). The categories ‘quite a bit’ and ‘extremely’ were combined,
because few adolescents reported experiencing these symptoms extremely. The
time frame of the Youth Self-Report was six months, whereas that of the Symptom
Checklist was one month.
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Pubertal development
In both studies the Pubertal Development Scale, which is known to be a reliable
instrument (Bond et al., 2006;Petersen et al., 1988), was used to measure
pubertal development. The Pubertal Development Scale assesses development
on five characteristics for each sex. These characteristics include growth spurt in
height, skin change and body hair for both boys and girls; breast development and
menarche in girls; and voice change and facial hair growth in boys. Subjects were
asked to respond on a self-report questionnaire (Dutch) or in a telephone interview
(American) to each item on a 4-point ordinal scale (no development=1,
development barely begun=2, development definitely underway=3, development
already completed=4). The menarche item was scored as 1 if pre-menarche and 4
if menstrual periods had begun. The mean item score of the five items was
calculated and used as a continuous measure to increase the power to detect an
effect (Streiner, 2002).
Statistical analyses
We performed ordinal logistic regression analyses to test our hypotheses. This
analysis method is an extension of binary logistic regression, appropriate when the
outcome variable contains more than two ordinal categories. An important
assumption to perform these analyses is the proportional odds assumption.
Violations of this assumption were tested by performing Brant tests (Long and
Freese, 2005). By performing ordinal logistic regression analyses we examined
whether pubertal status at the baseline of this study (i.e., at baseline in the
American sample, and at T2 in the Dutch sample) predicted a specific FSS at
follow-up (i.e., at three-year follow-up in the American sample, and at T3, which
was two to three years after T2, in the Dutch sample). The analyses were adjusted
for gender, because in general girls have more FSS (Eminson, 2007;Perquin et
al., 2000) and are further along in pubertal development than boys at a given age
(de Muinck Keizer-Schrama and Mul, 2001). We performed all analyses again,
adjusting for age, to rule out that age, rather than pubertal status itself, predicted
the relationship between pubertal status and FSS. To examine whether pubertal
status truly predicted the direction of development of FSS, we performed the same
analyses adjusting for the corresponding symptom at the first time point.
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To test our second hypothesis that significant gender differences exist, an
interaction term of gender and pubertal status at baseline was computed. We
examined whether this interaction term, adjusted for the main effects of gender
and pubertal status at baseline, predicted a specific FSS at follow-up. A result was
considered statistically significant when the 95% confidence interval (CI) of the
odds ratio (OR) did not include 1. Stata, Version 10, was used to perform all
analyses.
RESULTS
Descriptive statistics
The Dutch boys and girls were older than the Americans, but the samples were
fairly comparable with regard to mean pubertal development score (Table 1a and
Table 1b). Adolescents from both cohorts were on average already in a midpubertal development stage at baseline. That American adolescents start their
pubertal development earlier than European adolescents is in line with previous
research (de Muinck Keizer-Schrama and Mul, 2001;Lee et al., 2001).
Furthermore, American adolescents had slightly higher BMI scores than Dutch
adolescents in keeping with known national differences (de Wilde et al.,
2009;Freedman et al., 2006). Dutch adolescents reported having experienced pain
more often than American adolescents.
Pubertal status as a predictor of FSS at follow-up
As is shown in Table 2, the higher the pubertal status of adolescents at baseline
the more likely they were to report back pain, overtiredness and dizziness, but not
stomach pain and headache at follow-up two to three years later. After adjusting
for age, results were essentially the same. When we adjusted for the
corresponding baseline FSS, results pointed in the same direction and remained
statistically significant except for the relationship between pubertal development
and dizziness in Dutch adolescents. The Brant test did not indicate the
proportional odds assumption was violated for any of the analyses (p > 0.05).
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Table 1a. Descriptive statistics of the Dutch and American girls at baseline and follow-up two to three years later

Mean age (SD)
Mean pubertal status (SD)
Mean BMI (SD)
Headache
Stomach pain
Back pain
Dizziness
Overtiredness/
Lack of energy

American girls (BL)

Dutch girls (BL)

American girls (FU)

Dutch girls (FU)

Valid N

mean (SD) /
percentage

Valid N

mean (SD) /
percentage

Valid N

mean (SD) /
percentage

Valid N

mean (SD) /
percentage

992
911

11.6 (0.3)
2.3 (0.6)

1069
1001

13.6 (0.5)
2.7 (0.7)

897
880

14.5 (0.3)
3.5 (0.5)

952
866

16.3 (0.7)
3.3 (0.4)

904
989
991
989
992
991

range: 1.0-4.0
19.6 (3.9)
19.2 %*a
27.8 %*a
15.0 %*a
33.3 %*b
57.3 %*b

1028
1069
1068
1068
1072
1070

range:1.0-4.0
19.3 (3.3)
56.7 %*a
46.9 %*a
30.5 %*a
40.9 %*c
43.1 %*c

888
897
897
896
897
897

range: 1.6-4.0
22.0 (4.2)
21.4 %*a
16.7 %*a
25.2 %*a
33.9 %*b
55.5 %*b

834
871
875
874
880
880

range:1.2-4.0
21.7 (3.2)
51.6 %*a
35.9 %*a
35.6 %*a
42.6 %*c
54.2 %*c

BL= at baseline, FU= at follow-up *Percentage of girls who experienced this symptom at least once during the, past three monthsa, past
monthb or past six monthsc

Table 1b. Descriptive statistics of the Dutch and American boys at baseline and follow-up two to three years later
American ♂ (BL)

Dutch ♂ (BL)

American ♂ (FU)

Dutch ♂ (FU)

Valid N

Valid N

Valid N

Valid N

mean (SD) /
percentage

Mean age (SD)
Mean pubertal status (SD)

1004
970

Mean BMI (SD)
Headache
Stomach pain
Back pain
Dizziness
Overtiredness/
Lack of energy

951
1002
1002
998
1002
1002

11.6 (0.3)
1.9 (0.4)
range: 1.0-3.6
19.9 (4.3)
16.7 %*a
22.0 %*a
11.1 %*a
32.0 %*b
58.6 %*b

mean (SD) /
percentage

1018
1006
1000
1013
1015
1015
1019
1016

13.6 (0.5)
2.1 (0.6)
range: 1.0-4.0
18.7 (3.1)
44.5 %*a
37.4 %*a
22.1 %*a
24.5 %*c
29.0 %*c

mean (SD) /
percentage

920
915
914
920
920
919
919
919

14.5 (0.3)
2.7 (0.5)
range: 1.0-4.0
22.3 (4.5)
13.5 %*a
12.1 %*a
16.9 %*a
25.7 %*b
47.6 %*b

mean (SD) /
percentage

867
768
759
769
771
769
772
772

16.3 (0.7)
3.0 (0.5)
range: 1.0-4.0
20.9 (3.4)
34.9 %*a
19.9 %*a
27.4 %*a
22.0 %*c
29.5 %*c

BL= at baseline, FU= at follow-up *Percentage of boys who experienced this symptom at least once during the past three monthsa, past monthb or past six
monthsc.

Table 2. Longitudinal relationship between pubertal development at baseline and FSS at follow-up two to three years later analyzed with ordinal
logistic regression analyses

American
adolescents
Dutch
adolescents

Pubertal status (BL)
Pubertal status (BL)

Headache
(FU)

Stomach pain
(FU)

Back pain
(FU)

Overtiredness/ Lack of Dizziness
energy (FU)
(FU)

1.18 (0.94-1.48)a
1.11 (0.87-1.41)b
1.07 (0.93-1.25)a
1.07 (0.92-1.25)b

1.26 (0.98-1.62)a
1.25 (0.97-1.61)b
0.88 (0.75-1.04)a
0.91 (0.76-1.08)b

1.61 (1.30-1.99)a
1.52 (1.22-1.89)b
1.34 (1.13-1.57)a
1.24 (1.04-1.46)b

1.33 (1.12-1.58)a
1.25 (1.05-1.49)b
1.30 (1.11-1.51)a
1.26 (1.08-1.48)b

1.35 (1.11-1.64)a
1.26 (1.03-1.53)b
1.24 (1.05-1.46)a
1.16 (0.98-1.37)b

BL= at baseline, FU= at follow-up. Odds ratios and 95% confidence intervals are given. aadjusted for gender, badjusted for gender and the corresponding
baseline FSS. Bold numbers indicate a significant effect.
Table 3. Longitudinal relationship between pubertal development at baseline and FSS at follow-up two to three years later analyzed with ordinal
logistic regression analyses stratified by gender
Headache
(FU)

Stomach pain (FU) Back pain
(FU)

Overtiredness/ Lack of Dizziness
energy (FU)
(FU)

American ♀
Pubertal status (BL)
American ♂
Pubertal status (BL)
p-value of the interaction effecta

1.24 (0.94-1.61)
1.02 (0.66-1.59)
0.61

1.27 (0.94-1.72)
1.23 (0.78-1.93)
0.90

1.50 (1.16-1.93)
1.90 (1.28-2.82)
0.34

1.44 (1.16-1.78)
1.15 (0.86-1.53)
0.19

1.29 (1.02-1.63)
1.47 (1.05-2.06)
0.55

Dutch ♀
Pubertal status (BL)
Dutch ♂
Pubertal status (BL)
p-value of the interaction effecta

1.14 (0.95-1.37)
0.96 (0.75-1.23)
0.25

0.91 (0.74-1.10)
0.83 (0.61-1.13)
0.85

1.31 (1.07-1.61)
1.37 (1.05-1.79)
0.69

1.29 (1.07-1.55)
1.31 (1.00-1.70)
0.99

1.30 (1.06-1.58)
1.11 (0.83-1.49)
0.39

BL= at baseline, FU= at follow-up; Odds ratios and 95% confidence intervals are given. ap-value of the interaction effect of gender. Bold numbers indicate a
significant effect.

PUBERTAL DEVELOPMENT
Gender differences
Results of analyses of the relationships between pubertal status at baseline and
specific FSS at follow-up stratified by gender pointed mostly in the same direction
for each gender (Table 3). Although relationships were generally in the same
direction for boys and girls, the results were not always equally strong for each
gender and sometimes failed to reach significance in boys (Table 3). The
interaction effects, however, indicated that these gender differences were not
statistically significant (all p-values > 0.18, Table 3).
Growth spurt and back pain
Since pubertal status at baseline was only significantly related to back pain and
not to headache and stomach pain, we wondered whether this association could
be explained by growth spurt. We therefore examined whether growth spurt (i.e.
the specific item from the PDS) at baseline predicted back pain at follow-up.
Growth spurt at baseline was not a significant predictor of back pain at follow-up in
the American sample (OR = 1.04, 95% CI = 0.89-1.21) or in the Dutch sample (OR
= 1.13, 95% CI = 0.98-1.31).
DISCUSSION
This study indicates that Dutch and American adolescents who are in a later
pubertal stage at baseline report more back pain, overtiredness, and dizziness, but
not more stomach pain or headache two to three years later. We did not find any
significant gender difference in the longitudinal relationship between pubertal
development and FSS.
A strength of our research is that we used two large population-based studies, one
of American and one of Dutch adolescents. This enhances the generalizability of
our findings, since most of the findings were comparable in both studies despite
racial and age differences. Furthermore, the use of two samples enhanced the
robustness of our findings, because different instruments, e.g. different
questionnaires with different response categories, were used in the two studies.
Despite these methodological differences, results were fairly similar in both
samples. Another advantage is that we had longitudinal data available, which
allowed us to examine whether pubertal status, rather than age, was predictive of
FSS at follow-up.
We have to acknowledge two limitations to our study. First, adolescents were
already on average in a mid-pubertal development stage at the beginning of our
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studies. Therefore, we might have missed some effects of early pubertal
development. Another possible shortcoming is that we are not sure if the FSS
measured were due to conventional medical conditions. In the Youth Self-Report it
was stated that the symptoms had to occur without obvious cause, but in the other
questionnaires used to assess FSS no such restrictions were made. However,
medical conditions are seldom found in adolescents with common somatic
complaints (Croffie et al., 2000;Goodman and Mcgrath, 1991). Moreover, findings
in the two cohorts were largely comparable, and the prevalence of symptoms due
to medical conditions is likely to be different in the two cohorts, because the Dutch
adolescents were asked only to report symptoms without obvious cause.
Therefore, medical conditions are not likely to have substantially influenced the
associations between pubertal status and FSS.
Some differences between the samples have to be noted. Dutch adolescents
reported having experienced pain much more often than American adolescents.
Probably this difference can be explained by the restrictions made in the American
questionnaire not to report minor pains and only to report pains that lasted one day
or longer. Furthermore, in Seattle the data were collected by interviews, whereas
the Dutch adolescents reported their symptoms on a questionnaire, which in
general results in higher rates of symptom report. In addition to mean pain
frequency, the response rates, response categories, the duration of the recall
period of overtiredness and dizziness, follow-up time intervals and ethnicity
differed between the samples. Despite all these methodological differences,
results were essentially the same in each sample, which suggests that our findings
are quite robust.
The longitudinal relationships we found between pubertal status and FSS are
largely comparable to the cross-sectional associations in our prior studies
(LeResche et al., 2005;Oldehinkel et al., 2011). In contrast to the Dutch baseline
study (Oldehinkel et al., 2011) and a previous longitudinal study by Stanford et al.
(Stanford et al., 2008), the current study did not find that adolescents in a lower
pubertal stage report more stomach pain. Both previous studies indicated that
lagging behind one’s peers in pubertal development is associated with reporting
stomach pain. Since in the current study most adolescents were already in a midpubertal development stage, the effect of lagging behind one’s peers might have
been missed. The largest difference with the American cross-sectional study
(LeResche et al., 2005) is that the current study did not reveal a longitudinal
positive association between pubertal status and headache in girls. An explanation
might be the lack of older adolescents in the current study compared with the
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cross-sectional study. It might take some time before having reached a mature
pubertal status influences the frequency of headache in girls. This might also
explain why no cross-sectional association was found between pubertal status and
headache in girls in the Dutch baseline study when participants were on average
even younger than in the American sample. The explanation is also in line with a
previous study by Kröner-Herwig et al. (Kroner-Herwig and Vath, 2009) who found
that reaching menarche two or more years ago was predictive of headache,
whereas having reached menarche only one year ago was not associated with
headache. Although intuitively plausible, growth spurt did not explain why we
found a longitudinal association between pubertal development and back pain, but
not the other pain symptoms. This is in keeping with previous studies that found
that mechanical factors, like carrying backpacks and physical activity did not
predict back pain at follow-up (Jones et al., 2003;Watson et al., 2003).
Although observed associations between pubertal development and FSS were not
always equally strong for boys and girls, we found no statistically significant
gender differences in the longitudinal relationship between pubertal status and
specific FSS. Therefore, we did not find evidence to support the hypothesis that
pubertal development causes girls to experience FSS more frequently than boys
during early and mid adolescence (Fillingim et al., 2009;Paller et al., 2009).
Gender differences due to pubertal development may become apparent during
late adolescence, possibly because the sensitizing effects of the sometimes
painful physiological signals associated with menstruation take some time to
develop (Berkley, 1997). Psychological factors also likely contribute to the
increasing difference in the amount of FSS reported by boys and girls during
adolescence: growing into adulthood may increase the expectation for boys not to
report and thereby decrease the willingness for boys to report FSS (Robinson et
al., 2001).
Conclusion
Pubertal status was associated with some but not all FSS, suggesting that
biological factors are differentially involved in the etiology of various FSS. It is
tempting to speculate that back pain, dizziness, and overtiredness predominantly
result from a different biological pathway than stomach pain and headache, but
this needs to be further explored.
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ABSTRACT
Background: Functional somatic symptoms (FSS), like chronic pain and
overtiredness, are often assumed to be stress-related. Altered levels of the stress
hormone cortisol could explain the association between stress and somatic
complaints. We hypothesized that low cortisol levels after awakening and low
cortisol levels during stress are differentially associated with specific FSS.
Methods: This study is performed in a subsample of TRAILS (Tracking
Adolescents’ Individual Lives Survey) consisting of 715 adolescents (mean age:
16.1 years, SD = 0.6, 51.3% girls). Adolescents’ cortisol levels after awakening
and during a social stress task were assessed. The area under the curve with
respect to the ground (AUCg) and the area under the curve above the baseline
(AUCab) were calculated for these cortisol levels. FSS were measured using the
Youth Self-Report (YSR) and pain questions. Based upon a factor analysis, FSS
were divided into two clusters, one consisting of headache and gastrointestinal
symptoms and the other consisting of overtiredness, dizziness and
musculoskeletal pain.
Results: Regression analyses revealed that the cluster of headache and
gastrointestinal symptoms was associated with a low AUCg of cortisol levels
during stress (β = -.09, p =.03) and the cluster of overtiredness, dizziness and
musculoskeletal pain with a low AUCg of cortisol levels after awakening (β = -.15,
p = .008). All these analyses were adjusted for the potential confounders smoking,
physical activity level, depression, corticosteroid use, oral contraceptive use,
gender, body mass index and, if applicable, awakening time.
Conclusion: Two clusters of FSS are differentially associated with the stress
hormone cortisol.
INTRODUCTION
Functional somatic symptoms (FSS), somatic symptoms which cannot be fully
explained by underlying pathology, are very common during adolescence
(Janssens et al., 2009). They are a burden for the child and the family (Hunfeld et
al., 2002). Adolescents experiencing FSS frequently miss school (Konijnenberg et
al., 2005;Roth-Isigkeit et al., 2005), and their symptoms ultimately contribute to
high health care costs (Sleed et al., 2005). More insight into the etiology of this
important health problem might aid the development of effective prevention and
intervention strategies. FSS are thought to be the result of a complex interplay
between biological, psychological and social factors, of which the latter are likely to
be the most generic and the first the most symptom-specific risk factors. Indeed,
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social risk factors such as parental overprotection and peer victimization have
been associated with FSS in general (Gini and Pozzoli, 2009;Janssens et al.,
2009), whereas biological risk factors such as pubertal maturation (Janssens et
al., in press) have been associated with specific symptoms.
Since FSS have often been found to be stress-related, the level of the stress
hormone cortisol has often been investigated in relation to specific FSS (Tak and
Rosmalen, 2010). Both low and high cortisol levels have been related to
abdominal pain in adolescents (Alfven et al., 1994;Tornhage and Alfven, 2006),
and low cortisol levels have been related to fatigue (Segal et al., 2005), but not all
studies found significant associations between cortisol levels and fatigue (ter
Wolbeek et al., 2007;Wyller et al., 2010). These divergent findings might be due to
the small sample sizes used in most studies, which increased the risk of chance
findings and false null findings. Cortisol studies are often underpowered (Tak and
Rosmalen, 2010). Another explanation for these divergent findings is that the
association with cortisol is symptom-specific. This explanation is in line with a
recent meta-analysis in adults, which compared cortisol levels in healthy controls
with those in patients with functional somatic syndromes, particularly chronic
fatigue syndrome (characterized by overtiredness), fibromyalgia (characterized by
musculoskeletal pain), and irritable bowel syndrome (characterized by
gastrointestinal symptoms). This meta-analysis showed that low cortisol levels
were found in chronic fatigue syndrome and fibromyalgia, but not in irritable bowel
syndrome (Tak et al., 2011). These findings might suggest that biological
pathways differ between fatigue and musculoskeletal pain on the one hand and
gastrointestinal symptoms on the other hand. In accordance with this suggestion,
we previously found in two cohorts of adolescents that pubertal stage is a risk
factor for back pain, overtiredness, and dizziness, but not for stomach pain and
headache (Janssens et al., in press).
Most previous studies examined whether cortisol levels under non-stressful
conditions are related to FSS, most often by examining the cortisol awakening
response (CAR). The CAR is the rapid cortisol increase during the first thirty
minutes after awakening (Fekedulegn et al., 2007). It is a discrete and distinct
component of the cortisol circadian cycle, with characteristics unrelated to those of
cortisol secretion throughout the rest of the day (Clow et al., 2010). Interestingly,
previous studies have found an association between low CARs and FSS (Riva et
al., 2010;Roberts et al., 2004). However, it might be argued that cortisol levels
under stressful conditions are closer related to FSS. Cortisol helps the body to
adapt to stressful conditions by, among other things, increasing glucose levels and
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suppressing pain (Lariviere and Melzack, 2000;Seematter et al., 2004). Therefore,
a blunted cortisol response will probably result in decreased energy supply and
decreased pain suppression, which may ultimately result in FSS. Studies that
examined whether cortisol levels under stressful conditions are truly related to
FSS in adolescents are, to the best of our knowledge, lacking.
Thus, research on the relation between cortisol levels and FSS in adolescents is
limited and findings are inconsistent. We hypothesized that the association
between FSS and cortisol is symptom-specific: we expect an association of low
cortisol with overtiredness, dizziness and musculoskeletal pain, but not with
gastrointestinal symptoms and headache. Furthermore, we hypothesized that
these associations are particularly present under stressful conditions, as opposed
to cortisol levels under non-stressful conditions (i.e. after awakening). We
examined our hypotheses in 715 adolescents from a general population cohort.
METHODS
Participants
The data were collected in a subsample of TRAILS (Tracking Adolescents’
Individual Lives Survey), a large prospective population study of Dutch
adolescents with bi- or triennial measurements from age 11 to at least age 25.
Thus far, three assessment waves of TRAILS have been completed, running from
March 2001 to July 2002 (T1), September 2003 to December 2004 (T2), and
September 2005 to December 2007 (T3). During T1, 2230 children were enrolled
in the study (for more details about the sample selection, see (de Winter et al.,
2005), of whom 1816 (81.4%) participated in T3. During T3, 744 adolescents were
invited to perform a series of laboratory tasks (hereafter referred to as the
experimental session) on top of the usual assessments, of whom 715 (96.1%)
agreed to do so. The costly and labor-intensive nature of the laboratory tasks
precluded assessing the whole sample. To increase the power to detect mental
health-related differences in stress responses, adolescents with a high risk of
mental health problems had a greater chance of being selected for the
experimental session. High risk was defined based on three criteria: temperament
(i.e., high frustration and fearfulness and low effortful control) assessed by the
revised parental version of the Early Adolescent Temperament Questionnaire at
baseline (Ellis, 2002); lifetime parental psychopathology assessed by a parental
interview at baseline; and living in a single-parent family also assessed by the
parental interview at baseline (for more information see Bouma et al., 2009). In
total, 66.0% of the focus sample had at least one of the above-described risk
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factors; the remaining 34.0% were selected randomly from the low-risk TRAILS
participants. Please note that the focus sample still represented the whole range of
problems seen in a normal population of adolescents, which made it possible to
reproduce the distribution in the total TRAILS sample by means of sampling
weights.
Procedure
The experimental session consisted of a number of different challenges, listed
here in chronological order: a spatial orienting task, a gambling task, a startle
reflex task, and a social stress test. The session was preceded and followed by a
40-minute period of rest. The participants filled out a number of questionnaires at
the start and end of the session. Before, during, and after the experimental
session, extensively trained test assistants assessed cardiovascular measures,
cortisol, and perceived stress. Measures that were used in the present study are
described more extensively below. The experimental sessions took place in
sound-proof rooms with blinded windows at selected locations in the participants’
towns of residence. The total session lasted about three-and-a-half h, and started
between 0800h and 0930h (morning sessions, 50%) or between 1300h and 1430h
(afternoon sessions, 50%). The protocol was approved by the Central Committee
on Research Involving Human Subjects (CCMO). All participating adolescents
gave informed consent.
The social stress test
The social stress test was the last challenge of the experimental session. The test
involved a standardized protocol, inspired by (but not identical to) the Trier Social
Stress Task (Kirschbaum et al., 1993), for the induction of mild performancerelated social stress. Socio-evaluative threats are highly salient challenges for
adolescents and are known to be effective activators of various physiological
stress systems, particularly in combination with uncontrollability; that is, in
situations when negative consequences cannot be avoided (Dickerson and
Kemeny, 2004). The social stress test consisted of two parts. First, the participants
were instructed to prepare a 6-minute speech about themselves and their lives
and deliver this speech in front of a video camera. They were told that their
videotaped performance would be judged on content of speech as well as on use
of voice and posture, and ranked by a panel of peers after the experiment. The
participants had to speak continuously for the whole period of 6 minutes. The test
assistant watched the performance critically, and showed no empathy or
encouragement. The speech was followed by a 3-minute interlude in which the
participants were not allowed to speak. During this interval, which was included to
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assess cardiac autonomic measures that were not affected by speech, the
participants were told that they had to wait for a moment because of computer
problems, but that the task would continue as soon as these problems were
solved. Subsequently, during the second part of the social stress test, adolescents
were asked to perform mental arithmetic. The participants were instructed to
repeatedly subtract the number 17 from a larger sum, starting with 13278. A sense
of uncontrollability was induced by repeated negative feedback from the test
assistant (e.g., ‘‘No, wrong again, begin at 13278’’; ‘‘Stop wiggling your hands’’;
‘‘You are too slow, we are running behind schedule’’). The mental arithmetic
challenge lasted for 6 minutes, again followed by a 3-minute period of silence,
after which the participants were debriefed about the experiment.
Measures
Cortisol
Cortisol levels were not only assessed during the stress experiment, but also on
the morning before the stress experiment. Adolescents received a letter in which
they were instructed to collect their cortisol at home immediately after awakening
(CA1) and 30 min later (CA2). They were asked not to eat, brush their teeth or
engage in heavy exercise during these 30 minutes. The area under the curve with
respect to the ground (AUCg) and the area under the curve above the baseline
(AUCab) of these morning cortisol levels were calculated (Figure 1a and 1b,
respectively). The first is a good indicator of the total amount of cortisol upon
awakening. The latter is a good indicator of the CAR. For 35 adolescents the
morning cortisol samples collected on the day of the experiment were missing or
of insufficient quality; they were asked to collect their morning cortisol again on
another day. Excluding cortisol samples that were collected on another day did not
change our results. Adolescents (N = 18) who reported to have collected their first
salivary cortisol sample more than 5 min after awakening, were excluded from our
analyses. To calculate the AUCg of the morning cortisol levels we used the
trapezoid formula proposed by Pruessner et al., 2003, that is, (CA1+CA2)*30/2.
The AUCab was calculated using the formula (CA2-CA1)/2*30. Since we excluded
adolescents with a negative CAR, the formula did not need to account for this
possibility.
Cortisol levels during the experimental session were assessed in the lab by the
test assistant just before the start of the social stress test (CS1), directly after the
end of the test (CS2), 20 min after the test (CS3), and 40 min after the test (CS4).
Considering the normal delay (20–25 min) in peak cortisol responses to
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experimental stressors (Kirschbaum et al., 1992), all measures reflected cortisol
levels about 20 min earlier. Therefore, the measures reflected cortisol activity
before, during and after the stress test. The AUCg of the cortisol stress levels
(Figure 1c) was calculated using the trapezoid formula: (CS1 + CS2)*25/2 + (CS2
+ CS3)*20/2 + (CS3+CS4)*20/2. The calculation of the AUCab of the cortisol
stress levels (Figure 1d) was more complex, because it had to account for the
possibility that cortisol levels dropped below baseline level.

Figure 1. Areas under the curve of cortisol levels. (a) Mean area under the curve with respect to
the ground (AUCg) of cortisol levels after awakening. (b) Mean are under the curve above the
baseline (AUCab) of cortisol levels after awakening, also known as the cortisol awakening response
(CAR). (c) Mean area under the curve with respect to the ground (AUCg) of cortisol levels during
stress. (d) Mean area under the curve above the baseline (AUCab) of cortisol levels during stress.
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Cortisol was assessed from saliva collected using the Salivette sampling device
(Sarstedt, Numbrecht, Germany). After the experimental session, the samples
were placed in a refrigerator at 4°C, and within a few days stored at -20°C until
analysis. All samples were analyzed with the same reagent, and all samples from
a participant were assayed in the same batch. Cortisol was measured directly in
duplicate in 100 µl saliva using an in-house radioimmunoassay (RIA) applying a
polyclonal rabbit cortisol antibody and 1,2,6,7 3H Cortisol (Amersham International
Ltd., Amersham, UK) as tracer. After incubation for 30 min at 60°C, the bound and
free fractions were separated using activated charcoal. The intra-assay coefficient
of variation was 8.2% for concentrations of 1.5 nM, 4.1% for concentrations of 15
nM, and 5.4% for concentrations of 30 nM. The inter-assay coefficients of variation
were, respectively, 12.6%, 5.6%, and 6.0%. The detection border was 0.9 nM.
Missing samples (C1: N = 12, C2: N = 8, C3: N = 10, C4: N =12) were due to
detection failures in the lab (60%) or insufficient saliva in the tubes (40%).
Functional somatic symptoms
FSS were measured by the Somatic Complaints scale of the Youth Self-Report
(Achenbach et al., 2003). This scale contains items referring to somatic complaints
without a known medical cause or without obvious reason. The adolescents could
indicate whether they experienced these complaints on a three point scale with 0 =
never, 1 = sometimes or a little bit, or 2 = often or a lot. The items overtiredness,
dizziness, headache, stomach pain, vomiting and nausea were used from this
scale. Since the Youth Self-Report did not include musculoskeletal symptoms,
those symptoms were assessed by asking participants questions about how often
they experienced pain in their neck, back, shoulders, arms and legs during the
past three months. Questions were rated on a 7-point measurement scale with
response categories: ‘Not at all’, ‘Less than once a month’, ‘Once a month’, ‘Two
to three times a month’, ‘Once a week’, ‘Two to six times a week’, and ‘Almost
every day’. A mean item score of the three gastrointestinal symptoms and of the
five musculoskeletal symptoms was created. The mean item score of the five
musculoskeletal pain symptoms was divided by three-and-a-half to rescale to the
YSR.
We examined whether the symptoms could be divided into symptom clusters to
diminish the amount of analyses, and thereby reduce the risk of chance findings.
An exploratory factor analysis was performed with principal component extraction
and oblimin rotation. Based upon our hypotheses a two-factor solution was
requested. The factor analysis supported the division of symptoms into two
clusters, one consisting of headache and gastrointestinal symptoms, and the other
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consisting of overtiredness, dizziness and musculoskeletal pain (Table 1).
Moreover, a confirmatory factor analysis showed that this subdivision had
excellent model fits (χ2 = 3.6 [df = 4], p = .46; Tucker-Lewis Index = 1.0). Mean
item scores of the clusters were computed that did not take into account factor
loadings, since factor loadings are sample-specific. Thus, for the first cluster the
scores of headache and gastrointestinal symptoms were added and divided by
two, and for the second cluster the scores of overtiredness, dizziness and
musculoskeletal symptoms were added and divided by three.
Table 1. Factor analysis to divide the functional somatic symptoms into two clusters
Factor 1

Factor 2

Headache
Gastrointestinal
symptoms
Dizziness

0.84
0.84

0.30
0.26

0.52

0.58

Overtiredness
Musculoskeletal pain

0.50
0.11

0.71
0.84

Extraction method: Principal Component Analysis; Oblimin Rotation with Kaiser normalization. A twofactor solution was requested. The first factor had an eigenvalue of 2.20 (explained covariance 44%)
and the second of 0.97 (explained covariance 19%)
Other variables
Gender, depression, body mass index (BMI), smoking, physical activity level, oral
contraceptive use, corticosteroid use, and awakening time are known to be
potential confounders in the relationship between cortisol and FSS (Bouma et al.,
2009;Janssens et al., 2009;Janssens et al., 2010;Likis, 2002;Paananen et al.,
2010;Rimmele et al., 2009;Rosmalen et al., 2005;Tak et al., 2011) and were thus
included in this study as covariates. Depression was measured using the Affective
Problems scale of the Youth Self-Report (13 items, Cronbach’s alpha = .75, see
Janssens et al., 2010). Physical activity level and smoking frequency were
assessed as part of the regular T3 measurements, which were filled out at school,
on average 3.1 month (SD = 5.1) before the experimental session. Smoking was
defined as being a daily smoker. The use of oral contraceptives and corticosteroid
was assessed by means of a checklist on current medication use administered at
the beginning of the stress experiment. Ninety-four adolescents (13.1%) of the
subsample were on medication, of whom 80 (11.2%) used medication for medical
conditions, 10 (1.4%) for psychological problems, and 4 (0.5%) for both
psychological and medical problems. Six adolescents used corticosteroids for
which we adjust in our analyses. Height and weight were measured by trained test
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assistants. BMI is defined as the weight in kilograms divided by the height in
meters squared. Awakening time was reported by the adolescents.
Statistical analyses
Linear regression analyses were performed to examine whether a particular
cluster of FSS was associated with the AUCg and the AUCab of the cortisol levels
after awakening, as well as with the AUCg and AUCab of the cortisol levels during
stress. The AUCs, which were normally distributed after natural log
transformations, were used as outcome variables in all analyses. Depression, BMI,
smoking, physical activity level, oral contraceptive use, corticosteroid use and, in
case of cortisol levels after awakening, awakening time were included as
covariates. The two FSS clusters were included in the model simultaneously, so
their effects were adjusted for each other. To examine to which extent our findings
were due to extreme cortisol levels, we repeated the analyses while excluding all
outliers (mean +/- 3*SD). Furthermore, we examined whether the results found in
our subsample deviated from the results that would be found in the general
population by repeating the analyses while using sampling weights to correct for
the oversampling on adolescents with a high risk of mental health problems. Test
results with two-sided p-values lower than .05 were considered statistically
significant.
RESULTS
Descriptive statistics
Characteristics of the sample, clusters of FSS, cortisol measures and confounders
are shown in Table 2. Pearson correlations between the cortisol measures are
shown in Table 3. Of all adolescents, 74.4% reported having experienced a
symptom of the cluster of overtiredness, musculoskeletal pain or dizziness at least
once during the past six months, whereas 54.9% had experienced a symptom of
the cluster of headache and gastrointestinal symptoms, but mean item scores of
the clusters were comparable (Table 2). The AUCab of the cortisol levels after
awakening correlated moderately with the AUCg of the cortisol levels after
awakening, and the AUCab of the cortisol levels during stress correlated
moderately with the AUCg of the cortisol levels during stress (Table 3). Cortisol
levels after awakening were only marginally correlated with cortisol levels during
social stress.
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Table 2. Sample characteristics of participants of the stress experiment
Age
Girls
Habitual smoking
Physical activity levela
Body mass index
Corticosteroid use
Oral contraceptive use
Depressionb
Cortisol directly after awakening
(nM/L)
Cortisol 30 min after awakening
(nM/L)
Cortisol just before the stress test
(nM/L)
Cortisol directly after the stress
test (nM/L)
Cortisol 20 min after stress test
(nM/L)
Cortisol 40 min after stress test
(nM/L)
Cluster of headache and
gastrointestinal symptomsc
Cluster of overtiredness, dizziness
and musculoskeletal paind

Valid N

Mean (SD)/ Percentage

715
715
699
695
696
715
358 (girls)
695
600
35e
612
32e
698

16.1 (0.6)
50.9%
17.3%
3.3 (2.1)
21.3 (3.3)
0.8%
35.2% of girls
0.3 (0.2)
8.1 (5.7)
8.9 (5.1)
13.7 (7.9)
14.1 (7.4)
3.9 (4.1)

704

4.7 (4.0)

702

4.6 (3.9)

700

3.9 (3.4)

680

0.39 (0.43)

679

0.36 (0.37)

amean

number of days a week on which at least one hour physical active; b mean item score of
depression which could range from 0-2; cmean item score of the cluster of headache and
gastrointestinal symptoms which could range from 0-2; dmean item score of the cluster of
overtiredness, dizziness and musculoskeletal symptoms, which could range from 0-2; eadolescents
who were asked to collect their cortisol again, since the first cortisol assessment was missing or of
insufficient quality; AUCg= area under the curve with respect to the ground; AUCab= area under the
curve above the baseline

Cortisol levels during awakening and clusters of FSS
Regression analyses showed that none of the clusters of FSS was significantly
related to the AUCab of the cortisol levels upon awakening (Table 4). The cluster
of overtiredness, dizziness, and musculoskeletal pain predicted a lower AUCg of
the cortisol levels after awakening, whereas the cluster of headache and
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gastrointestinal symptoms did not. When we repeated these analyses while
excluding outliers or using sampling weights to correct for the oversampling on
adolescents with a higher risk of mental health problems, the results remained
essentially the same.
Table 3. Pearson correlations between cortisol areas under the curve after awakening and
during a social stress test
LNAUCg
(awakening)
LNAUCg
(awakening)
LN AUCab
(awakening)
LN AUCg
(stress)
LN AUCab
(stress)

LN AUCab
(awakening)

LN AUCg
(stress)

LN AUCab
(stress)

X
.19**

X

.08

.06

X

.10*

.05

.41**

X

** p < 0.01, * p < 0.05; . LN= natural logarithmic transformed; AUCg= area under the curve with
respect to the ground; AUCab= area under the curve above the baseline; awakening = cortisol levels
after awakening; stress = cortisol levels during social stress
Table 4. Relationships between clusters of FSS and the area under the curve of cortisol levels
after awakening and during stress
Cortisol levels after
awakening

Cortisol levels during
stress

LN AUCaba

LN AUCga

LN AUCabb

LN AUCgb

Cluster of headache and
-0.01 (0.88)
gastrointestinal symptoms
Cluster of overtiredness,
-0.09 (0.12)
dizziness and musculoskeletal
pain

0.08 (0.11)

-0.07 (0.09)

-0.10 (0.03)

-0.15 (0.008)

0.01 (0.81)

-0.03 (0.58)

aadjusted

for gender, body mass index, smoking, oral contraceptive use, corticosteroid use, physical
activity level, depression, and awakening time badjusted for gender, body mass index, smoking, oral
contraceptive use, corticosteroid use, physical activity level, and depression; clusters are
simultaneously included as predictors of the AUCs and associations are therefore adjusted for each
other. LN= natural logarithmic transformed, AUCab= area under the curve above the baseline,
AUCg= area under the curve with respect to ground; bold numbers indicate significant effects
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Cortisol levels during the social stress test and clusters of FSS
None of the clusters of FSS predicted the AUCab of the cortisol levels during
social stress (Table 4). The cluster of headache and gastrointestinal symptoms
was associated with a low AUCg of the cortisol levels during social stress,
whereas the cluster of overtiredness, dizziness and musculoskeletal pain was not.
Again, repeating these analyses while excluding outliers or using sampling weights
yielded essentially similar results.
DISCUSSION
This study suggests that a cluster of overtiredness, dizziness and musculoskeletal
pain is associated with low cortisol levels after awakening, whereas a cluster of
gastrointestinal symptoms and headache is related to low cortisol levels during
psychosocial stress.
There are several important strengths of this study. One strength is that it
examined the relationship between particular clusters of FSS and cortisol levels
under stressful and non-stressful conditions in a large sample, which enlarged the
robustness of our findings. Furthermore, the generalizability of the results is
increased by using a subsample of a general population cohort. Since results were
comparable when using sampling weights, our findings can be generalized to the
general population. Studies performed so far often examined patients suffering
from functional somatic syndromes. Studying only patients makes it hard to
translate findings to the general population. A final strength of this study is that it
examined adolescents. Studies that examined the relationship between FSS and
cortisol in adolescents are rare, although it is known that most FSS start to
develop during adolescence.
Several limitations to our study have to be mentioned as well. The first limitation is
that we measured cortisol levels and responses under non-stressful and stressful
conditions at only one occasion. Cortisol levels and responses fluctuate over time
and depend heavily on individual circumstances (Hellhammer et al., 2007). In
addition, only self-reported information about the adherence to the saliva collection
instructions was available. It is good to note that excluding adolescents who
showed a negative CAR, a potential objective indicator of non-compliance
(DeSantis et al., 2010), from our analyses did not change our results. Furthermore,
CARs might have been higher than usual due to the anticipation stress of the
upcoming stress experiment. Measurement of cortisol on different days would
have yielded more reliable results, but was not feasible given the large sample
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size. Another limitation of our study is that the data are cross-sectional, which
precludes to draw conclusions about the direction of the associations. A
longitudinal study design is needed to examine whether cortisol levels influenced
the amount of FSS or vice versa. A final limitation is that the musculoskeletal pain
questions did not explicitly state that the pain had to occur without obvious or
medical reason. Therefore, part of the reported musculoskeletal pain might have
been due to medically explained conditions, like sport injuries. However, we
should be careful in distinguishing between medically unexplained and medically
explained symptoms, since it perpetuates mind–body dualism and doctors often
disagree about whether a particular symptom is medically unexplained or not
(Dimsdale et al., 2009).
Our findings are in line with a meta-analysis in adults that showed that
fibromyalgia and chronic fatigue syndrome are related to low cortisol levels,
whereas irritable bowel syndrome was not (Tak et al., 2011). Thus, our study
supports the before-mentioned assumption that overtiredness, dizziness and
musculoskeletal pain result from another biological pathway than headache and
gastrointestinal symptoms. An explanation for these different pathways might be
that gastrointestinal symptoms and headache, which were associated with low
cortisol levels under stressful conditions, are often transient symptoms of stress.
On the other hand, overtiredness, dizziness, and musculoskeletal pain, which
were related to low cortisol levels under non-stressful conditions, might be
symptoms of exhaustion due to chronic or recurrent exposure to stress. However,
this needs further exploration.
Our finding of a significant association between cortisol levels (i.e. the AUCg) and
clusters of FSS, but not between cortisol responses (i.e. the AUCab) and clusters
of FSS indicates that adolescents suffering from FSS have cortisol responses that
show a normal pattern, but occur at a lower level. This is in keeping with two
previous studies that found that patients suffering from chronic fatigue syndrome
and patients suffering from fibromyalgia had lower morning cortisol levels than
healthy controls but not different morning cortisol responses (Riva et al.,
2010;Roberts et al., 2004).
Contrary to the common assumption that FSS are somatic manifestations of a
depression, our study suggests that FSS have a distinct physiological etiology
from depression. Namely, after adjusting for depression the associations between
low cortisol levels and FSS remained significant. Moreover, a study at the first
assessment wave of TRAILS showed that somatic symptoms of depression (i.e.
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sleeping problems and eating problems) are associated with high cortisol
awakening levels, whereas we found FSS to be related to low cortisol awakening
levels (Bosch et al., 2009). This supports our previous finding that although
depression and FSS are closely related, they are not the same (Janssens et al.,
2010).
Because of the observational and cross-sectional design of this study, we cannot
draw conclusions about whether the administration of cortisol is helpful for
adolescents suffering from FSS. We believe caution is warranted, since the found
associations were only small and clinical trials in adults have shown that
administering cortisol to reduce FSS was only beneficial to a small number of
patients (Cleare et al., 1999). Further biological research on the two identified
symptom clusters of FSS is needed for the development of effective treatment for
adolescents suffering from those symptoms.
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CHAPTER 8
ABSTRACT
We examined whether psychological and physiological hyperarousal were
differentially related to two clusters of functional somatic symptoms in a subsample
of 715 adolescents (mean age: 16.1 years, 51.3% girls). Linear regression
analyses revealed that a cluster of headache and gastrointestinal symptoms was
related to high psychological arousal during the stress test (β=0.09, p=0.04), and
high HR in supine position before the test (β = 0.11, p = 0.01). A symptom cluster
of overtiredness, dizziness and musculoskeletal pain was related to high
psychological arousal before (β = 0.12, p = 0.01) and after (β = 0.12, p = 0.008)
the stress test, and to high HRV in supine position before the test (β = 0.11, p =
0.03). None of the symptom clusters was related to HR or HRV assessed in sitting
position. This study suggests that two clusters of functional somatic symptoms are
differentially related to physiological and psychological arousal.
INTRODUCTION
Functional somatic symptoms (FSS), such as fatigue and chronic pain, are
symptoms for which no organic pathological basis can be found. They are
common during adolescence and can have a large impact on adolescents’ lives
(Hunfeld et al., 2002;Janssens et al., 2009). More insight into the etiology of this
important health problem might aid the development of effective prevention and
intervention strategies. FSS have often found to be the result of stressors (Gini
and Pozzoli, 2009;Paras et al., 2009). However, how stressors come under the
skin and lead to FSS remains unclear.
High physiological arousal, which is commonly defined as high sympathetic and
low parasympathetic nervous system activity, has been thought to mediate the
association between stressors and FSS (Tak et al., 2010). The association
between physiological arousal and FSS has repeatedly been investigated in
adults, but research in adolescents is scarce. Findings in both adolescents and
adults are equivocal, since some studies did not find high, but low physiological
arousal to be related to FSS, and others did not find an association between the
two (Dietrich et al., 2011;Ebinger et al., 2006;Olafsdottir et al., 2001;Puzanovova
et al., 2009;Tak et al., 2009;Tak et al., 2010;Wyller et al., 2008). Two large
population based studies from our own group indicated an association between
high physiological arousal and FSS in adolescents and young adults (Dietrich et
al., 2011;Tak et al., 2010). Most previous studies on the association between
physiological arousal and FSS examined physiological arousal during rest.
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However, FSS might be stronger related to physiological arousal during stress and
recovery, since FSS are often assumed to be the result of inadequate stress
responses (Tak and Rosmalen, 2010).
The association between stressors and FSS might not only be the result of
physiological arousal, but also of psychological arousal. Unlike the association
between FSS and physiological arousal, the association between FSS and
psychological arousal has been more established, since FSS have repeatedly
been associated with psychological hyperarousal in adolescents (Alfven et al.,
2008;Bjorling, 2009;Varni et al., 1996).
We previously found that two clusters of FSS were differentially related to the
stress hormone cortisol. A cluster of headache and gastrointestinal symptoms was
related to low cortisol levels during stress, and a cluster of overtiredness, dizziness
and musculoskeletal pain was related to low cortisol levels after awakening
(Janssens et al, in press). We hypothesized that the first cluster is related to
inadequate stress responses, whereas the second cluster to difficulty in recovering
from stressful situations (Janssens et al, in press). The current study was
conducted to examine whether the cluster of headache and gastrointestinal
symptoms was related to high physiological and psychological arousal during a
stressful situation and the cluster of overtiredness, dizziness and musculoskeletal
pain to high physiological and psychological arousal during recovery from that
stressful situation and in rest. We studied our hypotheses in a large population
sample (N =715) of adolescents, in which physiological and psychological arousal
were assessed before, during and after a social stress test.
METHODS
Participants
The data were collected in a subsample of TRAILS (Tracking Adolescents’
Individual Lives Survey), a large prospective population study of Dutch
adolescents with bi- or triennial measurements from age 11 to at least age 25.
Thus far, four assessment waves of TRAILS have been completed, running from
March 2001 to July 2002 (T1), September 2003 to December 2004 (T2),
September 2005 to December 2007 (T3), and September 2009 to October 2010
(T4). During T1, 2230 children were enrolled in the study (for more details about
the sample selection, see (de Winter et al., 2005), of whom 1816 (81.4%)
participated in T3. During T3, 744 adolescents were invited to perform a series of
laboratory tasks (hereafter referred to as the experimental session) on top of the
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usual assessments, of whom 715 (96.1%) agreed to do so. The costly and laborintensive nature of the laboratory tasks precluded assessing the whole sample. To
increase the power to detect mental health-related differences in stress responses,
adolescents with a high risk of mental health problems had a greater chance of
being selected for the experimental session. High risk was defined based on three
criteria: temperament (i.e., high frustration and fearfulness and low effortful
control) assessed by the revised parental version of the Early Adolescent
Temperament Questionnaire at baseline (Ellis, 2002); lifetime parental
psychopathology assessed by a parental interview at baseline; and living in a
single-parent family also assessed by the parental interview at baseline (for more
information see Bouma et al., 2009). In total, 66.0% of the focus sample had at
least one of the above-described risk factors; the remaining 34.0% were selected
randomly from the low-risk TRAILS participants. Please note that the focus sample
still represented the whole range of problems seen in a normal population of
adolescents, which made it possible to reproduce the distribution in the total
TRAILS sample by means of sampling weights.
Procedure
The experimental session consisted of a number of different challenges, listed
here in chronological order: a spatial orienting task, a gambling task, a startle
reflex task, and a social stress test. The session was preceded and followed by a
40-minute period of rest. The participants filled out a number of questionnaires at
the start and end of the session. Before, during, and after the experimental
session, extensively trained test assistants assessed cardiovascular measures,
cortisol, and perceived stress. Measures that were used in the present study are
described more extensively below. The experimental sessions took place in
sound-proof rooms with blinded windows at selected locations in the participants’
towns of residence. The total session lasted about three-and-a-half hours, and
started between 8:00 and 9:30 am (morning sessions, 50%) or between 1:00 and
2:30 pm (afternoon sessions, 50%). The protocol was approved by the Central
Committee on Research Involving Human Subjects (CCMO). All participating
adolescents gave informed consent.
The social stress test
The social stress test was the last challenge of the experimental session. It
involved a standardized protocol, inspired by (but not identical to) the Trier Social
Stress Task (Kirschbaum et al., 1993), for the induction of mild performancerelated social stress. Socio-evaluative threats are highly salient challenges for
adolescents and known to be effective activators of various physiological stress
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systems, particularly in combination with uncontrollability; that is, in situations
when negative consequences cannot be avoided (Dickerson and Kemeny, 2004).
The participants were instructed to prepare a 6-minute speech about themselves
and their lives and deliver this speech in front of a video camera. They were told
that their videotaped performance would be judged on content of speech as well
as on use of voice and posture, and ranked by a panel of peers after the
experiment. The participants had to speak continuously for the whole period of 6
minutes. The test assistant watched the performance critically, and showed no
empathy or encouragement. The speech was followed by a 3-minute interlude in
which the participants were not allowed to speak. During this interval, which was
included to assess cardiac autonomic measures that were not affected by speech,
the participants were told that they had to wait for a moment because of computer
problems, but that the task would continue as soon as these problems were
solved. Subsequently, they were asked to perform mental arithmetic. The
participants were instructed to repeatedly subtract the number 17 from a larger
sum, starting with 13278. A sense of uncontrollability was induced by repeated
negative feedback from the test assistant (e.g., ‘‘No, wrong again, begin at
13278’’; ‘‘Stop wiggling your hands’’; ‘‘You are too slow, we are running behind
schedule’’). The mental arithmetic challenge lasted for 6 minutes, again followed
by a 3-minute period of silence, after which the participants were debriefed about
the experiment.
Measures
Heart rate recordings
HR was recorded at the start of the experimental session (after 40 min of rest). A
three-lead electrocardiogram was registered using 3M/RedDot Ag/AgCl electrodes
(type 2255, 3M Health Care, Neuss, Germany), while the participant was
subsequently sitting (300 s), lying (300 s), and standing (300 s), while breathing
spontaneously. With the same procedure, heart rate was recorded in sitting
position during and after the social stress test, in seven blocks: pretest (300 s),
speech preparation (420 s), speech (360 s), silent interlude after speech (180 s),
mental arithmetic (360 s), silent interlude after mental arithmetic (180 s), and
posttest (300 s). The HR signals were amplified with a BIOPAC Amplifier-System
(MP100, Goleta, CA), and filtered before digitization at 250 samples/second.
Dedicated software (i.e. PreCARSPAN, for more details see (Dietrich et al., 2007))
was used to check signal stationarity, to correct for artifacts, to detect R-peaks,
and to calculate the interbeat-interval (IBI) between two heartbeats. Blocks were
considered invalid if they contained artifacts with a duration of more than 5 s, if the
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total artifact duration was more than 10% of the registration, or if the block length
was less than 100 s (invalid blocks before test sitting: N = 38; before test supine: n
= 39, before test standing N = 41; pretest: N = 15, preparation: N = 28, speech: N
= 27, interlude after speech: N = 35, mental arithmetic: N = 29, interlude after
mental arithmetic: N = 31, posttest: N = 32). HR is inversely related to IBI by the
equation HR = 60000/IBI. HR was defined as the number of beats per minute
(bpm). Calculation of the heart rate variability (HRV) was performed by power
spectral analysis in the CARSPAN software program (Mulder, 1988) using
estimation techniques based on Fourier transformations of IBI series (Robbe et al.,
1987). HRV-HF was defined as the power in the high-frequency (0.15–0.40 Hz)
band, which is associated with the respiratory cycle, and expressed in ms2. HRVHF is mainly determined by parasympathetic nervous system activity, whereas HR
is determined by a combination of parasympathetic and sympathetic nervous
system activity (Task force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology, 1996). Since we defined
hyperarousal as high sympathetic and low parasympathetic nervous system
activity in this study, low HRV-HF reflects hypoarousal, and high HR hyperarousal.
HR recordings in sitting and supine position at the start of the experiment were
used to indicate HR and HRV-HF during rest. It is good to note that these
measures might have been influenced by anticipatory stress. The calculation of
HR and HRV-HF during stress was based on HR recordings during the 3-minute
interludes directly following the speech and mental arithmetic tasks, when the
participants were not allowed to speak. HR recordings during the speech and
arithmetic performance itself were not used, since adolescents spoke during those
moments, and speech is known to interfere with analysis of HRV-HF (e.g. Bernardi
et al., 2000;Sloan et al., 1991). The stress level remained relatively high during the
interludes, because the participants expected that they had to continue any
moment. Nevertheless, it was probably lower than during speech and mental
arithmetic performance and might not reflect the maximum response. For the HR
and HRV-HF during recovery, the HR recordings assessed during the posttest
were used.
Psychological arousal
Psychological arousal was assessed by means of the Self-Assessment Manikin
(SAM), a non-verbal pictorial assessment technique to measure person’s affective
reactions to a stimulus (Bradley and Lang, 1994). The subjective intensity of the
feelings of arousal and unpleasantness could be indicated by choosing one out of
nine ordered pictures. The pictures were translated into a nine-point scale (range
1-9) in such a way that high scores represented high levels of arousal and
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unpleasantness. Feelings of arousal and unpleasantness in rest were assessed
when the adolescents moved from supine to standing position at the beginning of
the experiment. Feelings of arousal and unpleasantness during the social stress
test were assessed directly after this test, with a reference to the test (“How did
you feel during this test?”). Posttest feelings of arousal and unpleasantness were
measured at the end of the experimental session (40 minutes after the social
stress test). A mean item score of perceived arousal and unpleasantness was
computed for each assessment point to reflect psychological arousal.
Functional somatic symptoms
FSS were measured by the Somatic Complaints scale of the Youth Self-Report
(Achenbach et al., 2003). This scale contains items referring to somatic complaints
without a known medical cause or without obvious reason. The adolescents could
indicate whether they experienced these complaints on a three point scale with 0 =
never, 1 = sometimes or a little bit, or 2 = often or a lot. We used the single items
overtiredness, dizziness and headache from this scale. Furthermore, a mean
gastrointestinal symptom item score was computed out of the items stomach pain,
vomiting and nausea. Since the Youth Self-Report did not include musculoskeletal
symptoms, those symptoms were assessed by asking participants questions about
how often they experienced pain in their neck, back, shoulders, arms and legs
during the past three months. Questions were rated on a 7-point measurement
scale with response categories: ‘Not at all’, ‘Less than once a month’, ‘Once a
month’, ‘Two to three times a month’, ‘Once a week’, ‘Two to six times a week’,
and ‘Almost every day’. A mean item score of musculoskeletal pain was created
out of the five items and divided by three-and-a-half to rescale to the YSR. Based
upon a previously performed factor analysis (Janssens et al, in press), symptoms
were divided into two symptom clusters, one consisting of headache and
gastrointestinal symptoms and the other consisting of overtiredness, dizziness and
musculoskeletal pain. Mean item scores, which could range from 0-2, were
computed for each cluster.
Other variables
The covariates gender, depression, body mass index (BMI), smoking, physical
activity level, medication use (i.e. psychopharmaca and sympathicomimetic
drugs), which are known to be potential confounders in the relationship between
HR, HRV-HF and FSS (Tak et al., 2009), were used in this study. Depression was
measured using the mean item score of 13 depression items from the Youth SelfReport (Cronbach’s alpha = .75, see Janssens et al., 2010). Physical activity level
and smoking frequency were assessed as part of the regular T3 measurements,
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the questionnaire was filled out at school, on average 3.1 month (SD = 5.1) before
the experimental session. Smoking was defined as being a daily smoker (yes or
no). Physical activity level was operationalized as the number of days of a week
an adolescent was physically active for at least one hour. The use of medication
(i.e. psychopharmaca and sympathicomimetic drugs) was assessed by means of a
checklist on current medication use administered at the beginning of the stress
experiment. During the school assessments, height and weight were measured by
trained test assistants. BMI is defined as the weight in kilograms divided by the
height in meters squared.
Statistical analyses
Linear regression analyses were used to examine whether the two clusters of FSS
were related to psychological arousal before, during or after the stress test. These
analyses were adjusted for gender. Moreover, the clusters of FSS were
simultaneously included as predictors in the model, so effects were adjusted for
each other. Linear regression analyses were also performed to examine whether
particular FSS were related to HRV-HF or HR before, during or after the social
stress test. These analyses were adjusted for the potential confounders gender,
medication use (i.e. psychopharmaca and sympathicomimetic drugs), smoking,
BMI, physical activity level, depression and the other cluster of FSS. We examined
whether the results found in our subsample deviated from the results that would be
found in the general population by repeating the analyses while using sampling
weights to correct for the oversampling on adolescents with a high risk of mental
health problems.
RESULTS
Descriptive statistics
Characteristics of the sample, clusters of FSS, perceived stress, physiological
measures and confounders are shown in Table 1. Of all adolescents, 54.9%
reported having experienced headache or gastrointestinal symptoms, and 74.4%
overtiredness, musculoskeletal pain or dizziness at least once during the past six
months. Mean item scores of the clusters were comparable (Table 1). The HRVHF was highest and HR lowest when assessed in supine position before the stress
test, and HRV-HF was lowest and HR highest when assessed in sitting position
before the stress test. Pearson correlations between the HRV-HF measures and
between HR measures are shown in Table 2. None of the psychological arousal
measures was significantly related to HR or HRV-HF.
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Table 1. Sample characteristics

Female
Age
LN HRV-HF rest (supine)a
LN HRV-HF rest (sitting)a
LN HRV-HF stress (sitting)a
LN HRV-HF recovery (sitting)a
HR rest (supine)b
HR rest (sitting)b
HR stress (sitting)b
HR recovery (sitting)b
Psychological arousal (rest)
Psychological arousal (stress)
Psychological arousal (recovery)
Cluster of gastrointestinal symptoms
and headachec
Cluster of overtiredness, dizziness and
musculoskeletal paind
BMI
Depressione
Medication usef
Smoking (daily)
Physical activity levelg

Valid N

Mean (SD) or
percentages

715
715
676
677
648
687
684
685
651
694
705
714
699
680

49.1%
16.1 (0.60)
7.9 (1.3)
6.7 (1.2)
7.1 (1.1)
7.0 (1.1)
64 (10)
76 (11)
72 (10)
71 (10)
2.9 (1.2)
4.5 (1.6)
2.6 (1.3)
0.39 (0.43)

679

0.35 (0.36)

696
695
715
699
696

21.3 (3.29)
0.25 (0.24)
4.3%
17.3%
3.3 (2.1)

aln(ms²); bbeats

per minute; cmean item score of the cluster of headache and gastrointestinal
symptoms which could range from 0-2; dmean item score of the cluster of overtiredness, dizziness
and musculoskeletal symptoms, which could range from 0-2; emean item score of depression which
could range from 0-2; fuse of psychopharmaca and sympathicomimetics drugs; gmean number of
days a week on which at least one hour physical active; LN= natural logarithmic transformed
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Table 2. Correlation between HRV-HF and HR during rest, stress, and recovery
LN HRVHF rest
(supine)
LN HRV-HF rest
(supine)
LN HRV-HF rest
(sitting)
LN HRV-HF stress
(sitting)
LN HRV-HF
recovery (sitting)
HR rest
(supine)
HR rest
(sitting)
HR stress
(sitting)
HR recovery

LN HRVHF
rest
(sitting)

LN HRV-HF
stress
(sitting)

LN HRVHF
recovery
(sitting)

HR rest
(supine)

HR rest
(sitting)

HR stress
(sitting)

HR recovery
(sitting)

X
0.57*

X

0.68*

0.77*

X

0.64*

0.79*

0.85*

X

-0.53*

-0.52*

-0.54*

-0.49*

X

-0.33*

-0.68*

-0.57*

-0.55*

0.80*

X

-0.37*

-0.56*

-0.65*

-0.59*

0.79*

0.83*

X

-0.35*

-0.57*

-0.62*

-0.65*

0.75*

0.82*

0.89*

(sitting)
*All p-values <0.001; HRV-HF= heart rate variability in the high frequency band; LN= natural logarithmic transformed HR= heart rate

X
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Psychological arousal during stress and recovery and particular FSS
Linear regression analyses revealed that the cluster of headache and
gastrointestinal symptoms was positively related to psychological arousal during
the stress test (Table 3). The cluster of overtiredness, dizziness and
musculoskeletal pain was positively related to psychological arousal during rest
and during recovery from the stress test. The association between this symptom
cluster and psychological arousal during stress pointed in the same direction, but
just failed to reach significance. These analyses were all adjusted for gender.
When we repeated these analyses using sampling weights to correct for the
oversampling on adolescents with a higher risk of mental health problems, the
results remained essentially the same. In general the associations became a bit
stronger and the association between the cluster of overtiredness, dizziness and
musculoskeletal pain and psychological arousal during stress became statistically
significant (β = 0.10, p = 0.02).
Table 3. Psychological arousal during rest, stress and recovery and clusters of FSS

Headache and
gastrointestinal symptoms
Overtiredness, dizziness

Rest
Psychological

Stress
Psychologic

Recovery
Psychological

arousal

al arousal

arousal

-0.02 (0.70)

0.09 (0.04)

-0.01 (0.80)

0.12 (0.01)

0.08 (0.06)

0.12 (0.008)

and musculoskeletal pain
Β (p-value); bold numbers indicate significant effects; all analyses are adjusted for gender
Physiological arousal during stress and recovery and particular FSS
The cluster of overtiredness, dizziness and musculoskeletal pain was related to
high HRV-HF and marginally significant related to low HR measured in supine
position prior to the stress test (Table 4). The cluster of headache and
gastrointestinal symptoms showed the opposite pattern and was related to high
HR, and marginally significant related to low HRV-HF in supine position prior to the
stress test (Table 4). None of the clusters of FSS was related to HR or HRV-HF
assessed in sitting position, neither before, nor during, nor after the stress test
(Table 4). Again, when we repeated these analyses using sampling weights, the
results remained essentially the same (i.e. significant result remained significant
and nonsignificant results nonsignificant).
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Table 4. HRV-HF and HR during stress and recovery and clusters of FSS

Headache and
gastrointestinal
symptoms
Overtiredness,
dizziness and
musculoskeletal
pain

LN HRV-HF
rest
(supine)a

HR
rest
(supine)b

LN HRV-HF
rest
(sitting)a

HR
rest
(sitting)b

LN HRV-HF
stress
(sitting)a

HR
stress
(sitting)b

LN HRV-HF
recovery
(sitting)a

HR
recovery
(sitting)b

-0.08 (0.08)

0.12 (0.01)

0.01 (0.80)

0.05 (0.24)

-0.02 (0.64)

0.05 (0.29)

0.03 (0.45)

0.04 (0.34)

0.11 (0.03)

-0.09 (0.10)

0.00 (0.97)

-0.01 (0.80)

0.04 (0.43)

-0.03 (0.63) -0.02 (0.72)

0.02 (0.65)

Β (p-value); bold numbers indicate significant effects; All analyses are adjusted for gender, medication use, smoking, exercise frequency, body mass index,
and depression; LN= natural logarithmic transformed; aln(ms²); bmean interbeat-interval in ms
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DISCUSSION
This study revealed that a cluster of headache and gastrointestinal symptoms is
related to psychological hyperarousal during social stress and to physiological
hyperarousal (i.e. high HR) in supine position. A cluster of overtiredness,
dizziness, and musculoskeletal pain was related to psychological hyperarousal
before, during and after social stress and to physiological hypoarousal (i.e. high
HRV-HF) in supine position. None of the symptom clusters was related to
physiological arousal assessed in sitting position, neither before, nor during nor
after social stress.
A strength of our study is that we examined the associations in a relatively large
sample, which increased the robustness of our findings. Furthermore, using
sampling weights enabled to demonstrate that findings could be generalized to the
general population of adolescents. Moreover, the assessment of a wide range of
variables enabled us to adjust for many potential confounders. One might wonder
whether adjusting for depression should be considered overadjustment. We did
not find evidence for that, since results remained essentially the same when we
did not adjust for depression (results available upon request). A final strength is
that stress measures were repeatedly assessed before, during and after a social
stress test, which allowed examination of whether one cluster of FSS was closer
related to stress indicators during a stressful situation, and the other cluster to
stress indicators during recovery from that stressful situation.
Apart from these strengths there are also several limitations of our study. One
limitation is that, despite the fact that we lumped the FSS into two symptoms
clusters, many analyses were performed. This might have increased the risk of
chance findings. However, since we were interested in general stress response
patterns and not in specific associations, we considered false positive findings less
problematic than false negative ones. Another limitation is that the pain
questionnaire did not explicitly state that musculoskeletal pain symptoms had to
occur without a medical cause. Some musculoskeletal pain symptoms might thus
have been due to medically explained conditions, like sport injuries. However, we
should be careful in distinguishing between medically unexplained and medically
explained symptoms, since it perpetuates mind-body dualism and doctors often
disagree about whether a particular symptom is medically unexplained or not
(Dimsdale et al., 2009).
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In line with previous research, this study shows that FSS are related to
psychological hyperarousal (Alfven et al., 2008;Bjorling, 2009;Varni et al., 1996).
In addition to previous research, it shows that the nature of this association
depends on the investigated symptom cluster. The cluster of headache and
gastrointestinal symptoms was positively related to high psychological arousal
during the stress test only. Combined with the previously found association of this
symptom cluster with low cortisol levels during the same stress test (Janssens et
al, in press), this finding supports our assumption that headache and
gastrointestinal symptoms are related to an inadequate stress response. The
cluster of overtiredness, dizziness and musculoskeletal pain was related to high
psychological arousal throughout the stress test, which suggests that this
symptom cluster is associated with long lasting psychological arousal. This might
be related to the finding that this cluster was associated with low cortisol levels
after awakening, a daily phenomenon, but not with cortisol levels during stress
(Janssens et al, in press).
Unlike psychological arousal, physiological arousal was not differentially related to
the symptom clusters throughout the stress experiment. However, such
differences might become apparent when heart rate would be recorded in supine
instead of sitting position during the stress experiment. That FSS were associated
with physiological arousal in supine but not in sitting position might be explained
by the fact that the basic bodily state of arousal is more accurately assessed in
supine position due to a lack of orthostatic load and (often) a lack of visual input
(Sipinkova et al., 1997). It is good to note that the before-mentioned large
population-based cohort studies that found associations between FSS and
physiological arousal also assessed physiological arousal in supine position
(Dietrich et al., 2011;Tak et al., 2010). We found indications for a distinction
between symptom clusters when examining physiological arousal in supine
position. The cluster of headache and gastrointestinal symptoms was associated
with physiological hyperarousal (i.e. high HR, trend for low HRV-HF), whereas the
cluster of overtiredness, dizziness and musculoskeletal pain was associated with
physiological hypoarousal (i.e. high HRV-HF, trend for low HR).
That the association between FSS and physiological arousal assessed in supine
position was symptom-specific might explain the divergence of prior findings on
associations between FSS and physiological arousal. Overtiredness, dizziness
and musculoskeletal pain may have been dominant in studies that found an
association between FSS and hypoarousal. Headache and gastrointestinal
symptoms may have been dominant in studies that found an association between
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FSS and hyperarousal. However, a meta-analysis in adults did not find evidence
for this assumption, since it found that neither irritable bowel syndrome, nor
chronic fatigue syndrome, nor fibromyalgia was significantly related to HRV-HF
(Tak et al., 2009). This might have been due to the low quality of the included
studies (Tak et al., 2009). Nevertheless, the assumption does hold for a study of
our own group, which found a negative association between a sum score of FSS
and HRV-HF at the first assessment wave of TRAILS (Dietrich et al., 2011). This
sum score of FSS was largely determined by headache and gastrointestinal
symptoms, since overtiredness and dizziness were rare at this wave (Janssens et
al., 2009), and musculoskeletal pain symptoms were not included. Interestingly,
the association found in the first-wave of the TRAILS study was equal (β -0.09) to
the current (i.e. third-wave) association of headache and gastrointestinal
symptoms with HRV-HF. Contrary to the current one, the previous association was
statistically significant, due to a larger sample size in the previous study.
In conclusion, this study provides evidence that FSS can be subdivided into two
symptom clusters that are differentially related to psychological and physiological
arousal. To gain more insight in the exact etiology of these two symptom clusters,
more research is necessary to investigate whether other factors, like the activity of
the immune system or the amount of stress exposure, are also differentially
related to these clusters.
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CHAPTER 9
The aim of this thesis was to examine the role of biological, psychological, and
environmental factors in the development and course of FSS in adolescents.
Psychological and environmental factors were examined following a lumping
approach, i.e. studying FSS in general, whereas biological factors were studied
taking a splitting approach, i.e. studying specific FSS separately. The findings will
now be put together, resulting in a new perspective on lumping and splitting FSS
in adolescents.
An empirically based new perspective on lumping and splitting
We performed a factor analysis to examine whether all items that were assessed
with the Somatic Subscale of the Youth Self-Report (YSR) (Achenbach et al.,
2003) loaded on the same factor. Two symptoms (eye problems and skin
problems) had low factor loadings, suggesting they were not representive of the
underlying construct, and were therefore not used. The remaining seven items
(i.e., overtiredness, dizziness, headache, stomach pain, nausea, vomiting, and
other pains) all loaded on one underlying factor, suggesting that these FSS
reflected one underlying construct and could hence be lumped into a mean item
score. Factor analyses indicate whether items can be lumped together or not, but
do not inform about when it makes sense to lump items together. We decided to
lump symptoms together when studying psychological and environmental factors,
based upon the filter model developed by Rief and Barsky (Rief and Barsky,
2005). According to this model, two important bodily processes are involved in the
development of FSS: bodily signal generation and bodily attention. Bodily signal
generation is a constant process, but most bodily signals will remain unnoticed
due to filter activity in the brain. This filter activity is likely decreased by bodily
attention. In other words, the amount of bodily attention determines whether
bodily signals are noticed or not (Rief and Barsky, 2005;Rief and Broadbent,
2007). Both an increased number of bodily signals and an increased amount of
bodily attention have been found to play a role in the development of FSS (Rief
and Barsky, 2005;Rief and Broadbent, 2007). The symptom-specific process of
bodily symptom generation likely directly results from biological factors, while the
more generic process of bodily attention is more likely to be influenced by
psychosocial factors (Rief and Broadbent, 2007). This might explain why
biological factors have been found to be involved in the specific background of
particular symptoms, whereas psychological and environmental factors have been
found to be generic risk factors (Hamilton et al., 2009;Moss-Morris and Spence,
2006). Therefore, FSS were lumped together when studying psychological and
environmental factors and studied separately when examining biological factors.
Our study on pubertal development showed that biological factors are indeed
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symptom-specific: pubertal development predicted overtiredness, dizziness and
musculoskeletal pain, but not headache and stomach pain in two large
population-based cohorts of adolescents (Chapter 6). Headache and
gastrointestinal symptoms may thus result from a different biological background
than overtiredness, dizziness and musculoskeletal pain. Such a subdivision is
also in line with a meta-analysis in adults, which showed that cortisol levels at rest
are related to chronic fatigue syndrome and fibromyalgia, but not to irritable bowel
syndrome (Tak et al., 2011). Thus, we performed another set of factor analyses to
examine whether FSS could be divided into two symptom clusters. The
advantage of studying two symptom-clusters instead of examining every particular
FSS separately is that the use of clusters reduces the risk on chance findings,
since it diminishes the amount of analyses that have to be performed. A
confirmatory and an exploratory factor analysis supported the idea that, apart
from a one-factor solution, a two-factor solution adequately fitted the symptom
patterns. Headache and gastrointestinal symptoms loaded highest on the first
factor, whereas overtiredness, dizziness and musculoskeletal pain loaded highest
on the second factor (Chapter 7). Thus, the symptoms were divided into a cluster
consisting of headache and gastrointestinal symptoms and a cluster of
overtiredness, dizziness, and musculoskeletal pain, when studying cortisol levels
and the autonomic nervous system. It is important to note that the factor analyses
performed to identify a two-factor solution included musculoskeletal pain
symptoms which were assessed with a different questionnaire than the YSR. The
inclusion of musculoskeletal pain symptoms might have enhanced the division of
FSS into two symptom clusters, since musculoskeletal pain symptoms were the
symptoms that loaded highe st on the second factor.
All in all, factor analyses indicated that both a one-factor solution and a two-factor
solution fitted our data, and thus supported our belief that FSS partially share a
common etiology, but that clusters of FSS also have their own specific etiologies.
An overview of the investigated risk factors and their generic or specific
associations with clusters of FSS is provided in Figure 1. First, we will discuss the
psychological and environmental factors that were studied in relation to FSS in
general. Then, we will deal with the investigated biological factors and their
associations with the two different clusters of FSS.
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FSS in general
•
•
•
•

Symptoms of anxiety and depression
School absenteeism
Parental overprotection
High parental expectations

Cluster of headache and
gastrointestinal symptoms

• High heart rate at rest
• High psychological arousal during
stress
• Low cortisol stress responses

Cluster of overtiredness, dizziness and
musculoskeletal pain
• High heart rate variability activity
in rest
• Chronically high psychological
arousal
• Low cortisol awakening
responses
• Advanced pubertal stage

Figure 1. Model of generic and specific risk factors associated with FSS
Psychological and environmental factors: the lumping approach
Psychological and environmental risk factors and their associations with FSS
were studied using multiple assessment waves. This had two major advantages.
First, for the examination of psychological factors, both trait and state components
of FSS could be studied. The trait component was the component that remained
stable over the three assessment waves, and reflected unchanged risk factors for
FSS (Duncan-Jones et al., 1990). The state component was the variance that was
not accounted for by the trait component, and fluctuated over the assessment
waves (Duncan-Jones et al., 1990). Anxiety and depression were also divided into
a trait and state component. Modelling these trait and state components allowed a
better reflection of the complex ways in which FSS were related to anxiety and
depression. The state components of anxiety and depression had a strong effect
on the state component of FSS measured at the same time, and the state
component of FSS had a delayed and weaker effect on the state components of
anxiety and depression. The trait components of anxiety, depression and FSS
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were also strongly related to each other. These findings indicate that FSS and
anxiety and depression not only have a mutual effect on each other, but also
share a common background (Chapter 2). When studying intelligence, the
variance of FSS was again divided into a state and trait component. Intelligence
itself was not divided into a state and trait component, since intelligence is known
to be quite stable over time (Waber et al., 2007). The trait component of FSS was
significantly related to low intelligence, but only in adolescents whose parents had
high expectations of their school performance, suggesting that it is not the low
intelligence score itself but rather the overly high parental expectations that make
adolescents with low intelligence scores at risk for FSS (Chapter 3). Another
advantage of our longitudinal dataset was that it enabled us to study whether
environmental factors perpetuated FSS in adolescents. Parental overprotection
and school absenteeism were studied in this respect, and both appeared to
perpetuate FSS (Chapters 4 and 5).
Why anxiety, depression, parental expectations, parental overprotection, and
school absenteeism play a role in the development and course of FSS might be
related to the before-mentioned process of bodily attention (Rief and Barsky,
2005;Rief and Broadbent, 2007). Most of these factors are likely to have
increased the amount of attention adolescents pay to their symptoms. Anxiety and
depression are known to make adolescents more self-focused (Bogels and
Lamers, 2002). Overprotective parents may be more focused on their children’s
symptoms than nonoverprotective parents, and thereby increase the amount of
attention adolescents pay to their symptoms. Further, the amount of attention
adolescents pay to their symptoms likely increases by staying home from school,
since at home adolescents are presumably less distracted from their complaints.
The advantages of lumping FSS together when examining psychological and
environmental risk factors are that it increases the power to detect an effect and
diminishes the risk of chance findings. The drawback of such an approach is that
it precludes determining whether the risk factors are specific for particular clusters
of FSS. To get a rough impression of whether psychological and environmental
factors were differentially related to the two clusters of FSS used when studying
the stress-axes, we performed cross-sectional regression analyses, in which the
investigated psychological and social factors were entered one by one as
predictors, with one of the two symptom clusters as the outcome variable, and
gender and the other symptom cluster as co-variates (Table 1). All risk factors
were related to both clusters except for intelligence, which was related to neither
of the two. Anxiety and depression were about two-and-a-half times more strongly
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related to overtiredness and dizziness than to headache and gastrointestinal
symptoms, which suggests that psychological risk factors are more clusterspecific than environmental risk factors.
Table 1. Univariate cross-sectional associations between psychological and environmental
risk factors and two clusters of functional somatic symptoms.

Anxiety T1 (RCADS)
Depression T1 (YSR)
Intelligence T1 (WISC)
Parental overprotection T1
(EMBU)c
School absenteeism T2 (Teacher
Report)
School absenteeism T2 (Parent
Report)

Headache and
gastrointestinal
symptomsa

Overtiredness
and
dizzinessa,b

0.15 (<0.001)
0.16 (<0.001)
0.02 (0.49)
0.10 (<0.001)

0.37 (<0.001)
0.43 (<0.001)
0.01 (0.83)
0.17 (<0.001)

0.08 (0.01)

0.12 (<0.001)

0.12 (<0.001)

0.08 (0.004)

Β (p-value); aAll associations are adjusted for gender and the other symptom-cluster;
bMusculoskeletal pain symptoms were not (extensively) assessed during the first assessment wave
and therefore not included.
Biological risk factors: the splitting approach
Biological factors were considered to be symptom-specific, since they likely
influence the amount of bodily signal generation. The way in which biological
factors can increase bodily signal generation will now be discussed. The first
biological factor studied was pubertal development, which was thought to
increase bodily signal generation by hormonal changes. Especially girls were
expected to be at risk for developing FSS during pubertal development, since girls
generally have more FSS than boys and this difference tends to increase during
puberty (LeResche et al., 2005). However, we did not find evidence for such a
gender difference, since pubertal development predicted the amount of
overtiredness, dizziness and back pain in both boys and girls at follow-up (chapter
6). So, apparently not gender-specific sex hormones but rather a more general
influence of pubertal maturation puts adolescents at risk for FSS. Another
conclusion from this study is that pubertal development was related to
overtiredness, dizziness and musculoskeletal pain, but not to headache and
gastrointestinal symptoms. This suggests that pubertal development is a clusterspecific risk factor for FSS.
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Dysfunctioning of the stress-axes is likely to play a role in the development of FSS
as well (Tak and Rosmalen, 2010), because FSS have often been found to be the
result of stressors (Gini and Pozzoli, 2009;Paras et al., 2009). The two most
important stress-axes of the body are the hypothalamus pituitary adrenal (HPA)axis and the autonomic nervous system (ANS). Cortisol levels after awakening
and during social stress were used as indicators of the activity of the HPA-axis.
Heart rate and heart rate variability before, during and after social stress were
used as indicators of the activity of the ANS. As expected, the two FSS clusters
were differentially related to these stress-axis indicators. The cluster of headache
and gastrointestinal symptoms was related to low cortisol responses during stress
and to high heart rate (reflecting autonomic hyperarousal) prior to a stressful
situation. The cluster of overtiredness, dizziness and musculoskeletal pain was
related to low cortisol responses after awakening and high heart rate variability
(reflecting autonomic hypoarousal) prior to a stressful situation (Chapters 7 and
8). Both clusters were also studied in relation to psychological factors, namely
psychological arousal before, during, and after a stressful situation. The cluster of
headache and gastrointestinal symptoms was only related to high psychological
arousal during a stressful situation, whereas the cluster of overtiredness,
dizziness and musculoskeletal pain was associated with high psychological
arousal before, during and after a stressful situation. Thus, the first cluster
seemed more closely related to transient psychological distress and the latter to
chronic psychological distress. Taking the findings on stress-axis functioning and
psychological arousal together, the cluster of headache and gastrointestinal
symptoms seems related to a maladaptive stress response, whereas the cluster
of overtiredness, dizziness and musculoskeletal pain to an inability to recover
from stressful situations.
Theoretical background: Selye’s stress model
The findings that the identified symptom clusters are differentially related to
biological and psychological factors might be related to a stress model proposed
by Selye back in the fifties of last century (Selye, 1950). This model states that an
individual sequentially encounters three stages of stress in a stressful situation.
During the first stage, known as the alarm reaction, a phase of low stress
resistance is followed by a counter reaction, during which the individual’s defence
mechanism becomes active. This is the beginning of the second stage, the stage
of stress resistance, in which maximum adaptation is obtained and, if everything
goes well, a successful return to the equilibrium state of the body. If, however, the
stressor continues or the stress defence mechanism does not work, the individual
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will move on to a third stage. In this third stage, the stage of exhaustion, adaptive
mechanisms collapse. Our findings on stress-axis functioning suggest that the
cluster of headache and gastrointestinal symptoms is related to a maladaptive
stress response, and the cluster of overtiredness, dizziness and musculoskeletal
pain to an inability to recover from stressful situations. Therefore, symptoms of
headache and gastrointestinal symptoms might be more pronounced during the
alarm stage, and symptoms of overtiredness, dizziness and musculoskeletal pain
might be more pronounced during the final stage of exhaustion. Psychological risk
factors like anxiety and depression may determine whether or not adolescents are
capable of adapting to a stressful situation and thereby determine whether
adolescents enter the stage of exhaustion (Litt, 1988). This might explain why
psychological factors are more closely related to recovery-related symptoms than
to stress-related symptoms. Another explanation might be that psychological
distress is, like overtiredness, dizziness and musculoskeletal pain the
consequence of an inability to recover from a stressful situation (Gourion, 2009).
The finding that autonomic hyperarousal prior to the stress test was related to the
cluster of headache and gastrointestinal symptoms, and autonomic hypoarousal
prior to the stress test to the cluster of overtiredness, dizziness and
musculoskeletal pain might also reflect Selye’s stress model. When experiencing
a stressful situation, stress-axes initially react with hyperactivity. After they have
been exposed to stress repeatedly, they might get exhausted, resulting in
underactivity of the bodily stress systems. A meta-analysis in adults has indeed
shown that recent stress is associated with high cortisol awakening levels,
whereas chronic stress exposure is related to low levels (Miller et al., 2007).
Another meta-analysis showed that high cortisol awakening responses are related
to job stress, and low responses to exhaustion (Chida and Steptoe, 2009). Our
findings with regard to the cortisol levels after awakening are in line with these
meta-analyses: the cluster of overtiredness, dizziness and musculoskeletal pain
was associated with low cortisol levels after awakening, while the cluster of
headache and gastrointestinal symptoms showed a trend in the direction of high
cortisol levels after awakening. The findings on cortisol levels during stress were
not consistent with the theory of first hyper- and then hypoactivity of the stressaxes, since the cluster of headache and gastrointestinal symptoms was related to
low and not high cortisol responses during stress. Moreover, the cluster of
overtiredness, dizziness and musculoskeletal pain was not at all related to cortisol
levels during stress. Thus, the theory seems to hold only for stress-axis
functioning during rest (i.e. after awakening and prior to a stressful situation). This
might be explained by the finding that HPA-axis functioning during rest and during
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stress are only marginally related (Chapter 7). In fact, a recent study in TRAILS
found that recent stress exposure is related to low and not high cortisol levels
during stress (Bosch et al., submitted). This finding, thus, fits our theory that the
cluster of headache and gastrointestinal symptoms, which was related to low
cortisol levels during stress, is related to recent stress.
The environmental factors investigated in this study were found to exert a generic
influence on FSS (Table 9.1). This is probably due to the fact that they mainly
influence the amount of attention that was paid to symptoms, and only have an
indirect influence on bodily signal generation. Environmental factors that are more
directly involved in bodily signal generation, might be more cluster-specific. For
example, transient stressors, like upcoming school exams, might be more closely
related to the stress-related cluster of headache and gastrointestinal symptoms,
whereas chronic stressors, like being bullied, might be more strongly related to
the recovery-related cluster of overtiredness, dizziness and musculoskeletal pain.
Methodological strengths and limitations
Some major strengths of this thesis helped to overcome problems with most
previous studies on the etiology of FSS. The etiology of FSS was studied in a
large population cohort, which increased the robustness and generalizability of the
findings. Moreover, the TRAILS study, which was used for this thesis, was
longitudinal and thus allowed us to use state and trait models and to draw
conclusions about the direction of the effects of psychological and environmental
variables. A final strength is that different FSS were examined, which enabled us
to study whether risk factors could better be studied using a lumping or a splitting
approach. This shed a new light on the etiology of FSS in adolescents. Apart from
these strengths some limitations have to be acknowledged. First, the scale that
was used to measure FSS, the Somatic Subscale of the YSR, only gave a rough
estimate of the frequency and duration of the FSS (Achenbach et al., 2003).
Adolescents reported whether they experienced the symptoms during the past six
months, while choosing from only three answer categories (i.e. never,
sometimes/a little bit, or often/ a lot). Future studies will benefit from a more
extensive estimate of both the severity and the duration of the complaints, which
will probably result in better estimates of the association between risk factors and
FSS. More information about the pattern of occurrence of the symptoms will allow
examination of whether symptoms that are transient are related to maladaptive
stress responses, and symptoms that are chronic are related to an inability to
recover from stressful situations. Second, the time lag between the assessment
waves was about two to three years. Risk factors are likely to assert influence on
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FSS in a shorter time frame than after two or three years. This might have led to
an underestimation of the (longitudinal) effect risk factors had on the FSS. Third, a
general population based cohort was used. Such a study design makes it easy to
translate findings to the general population, but it also has a drawback. The
number of adolescents suffering from severe FSS was only small. This might have
lowered the associations found between risk factors and FSS. Fourth, studies on
the stress-axes were cross-sectional, which precludes conclusions about
causality. The dysfunctioning of the stress-axes could have been a consequence
of the somatic symptoms instead of a risk factor. However, two longitudinal studies
in adults have found that changes in stress-axis activity precede changes in
somatic symptom level (Adam et al., 2006;McLean et al., 2005). A final limitation is
that the functioning of the stress-axes was only assessed on single occasions (i.e.
during the stress experiment or during awakening). Repeated assessments of
stress-axis functioning would have given a more accurate estimate. However, we
expect hat the sample size of our population study would be large enough to
compensate for random fluctuations in individual values.
Clinical relevance
This thesis is more of theoretical than of practical relevance, since no conclusions
about causality can be drawn from observational studies. Moreover, since the
etiology of FSS was studied on a group level, results have unknown relevance in
the doctor's office, where patient and doctor want to know the cause and most
appropriate treatment of that particular patient’s symptoms. Clinical intervention
studies are needed to examine whether changes in risk factors truly diminish the
amount of FSS adolescents experience and thus whether they are meaningful
targets in the treatment of FSS. This thesis provides potential targets for these
intervention studies. Moreover, some findings from this study might already be
relevant for clinicians working with adolescents suffering from FSS. First, the
common belief that FSS are the somatic manifestations of anxiety and depression
was not supported by this thesis. We found, in line with previous research, that
although anxiety and depression were closely related to FSS, they are not the
same (Haug et al., 2004). In addition, we found that the association between
biological factors and FSS was not the same as that for depression, since we
found that FSS were related to low cortisol levels, whereas a recent meta-analysis
in adolescents showed that depression is related to high cortisol levels (LopezDuran et al., 2009), Because we found that FSS are not the same as anxiety or
depression, they presumably need to be treated differently. Second, FSS are
likely to result from a multifactorial background, thus a broad treatment approach
will probably be more helpful for adolescents suffering from FSS than a one132

GENERAL DISCUSSION
dimensional approach. In particular the role of the parents should not be
forgotten, since two of our studies showed, in line with previous research
(Sanders et al., 1994), that parents can have a disadvantageous effect on the
development and course of FSS in adolescents.
Applicability to adults and functional somatic disorders
As mentioned in the introduction of this thesis, findings from studies on the
etiology of FSS in adults cannot directly be extrapolated to adolescents. The
opposite is true as well: findings from studies on the etiology of FSS in
adolescents cannot plainly be generalized to adults. It would be interesting to
examine whether the two symptom clusters identified in this thesis could also be
identified in adults. The cluster of headache and gastrointestinal symptoms might
be less prevalent in adults, since symptoms in adults are more likely to be chronic
and are therefore more likely to be manifestations of exhaustion. This belief is
supported by the findings that gastrointestinal symptoms and headache
decreased, whereas overtiredness, dizziness and musculoskeletal pain increased
during adolescence (Chapters 2 and 7). However, when taking functional somatic
disorders (FSD) into account, another picture may emerge. FSD are not prevalent
during adolescence, and were therefore not studied in this thesis (Gunn et al.,
1993;Price et al., 1992;Sohrabi et al., 2010). Nevertheless, findings from the
different symptom clusters might be generalized to FSD, since irritable bowel
syndrome is likely to be related to the cluster of headache and gastrointestinal
symptoms, and chronic fatigue syndrome and fibromyalgia to the cluster of
overtiredness, dizziness and musculoskeletal pain. Our previous assumption that
the cluster of headache and gastrointestinal symptoms is not prevalent during
adolescence, is not reflected by the fact that irritable bowel syndrome is common
in adults (Boekema et al., 2001;Quigley et al., 2006). Future studies are needed
to examine whether adolescents who score high on headache and
gastrointestinal symptoms are at increased risk for developing irritable bowel
syndrome later in life, whereas adolescents with high scores on overtiredness,
dizziness and musculoskeletal pain may be more likely to develop chronic fatigue
syndrome or fibromyalgia. A comparison of our findings on symptom clusters and
stress-axis functioning with findings on FSD and stress-axis functioning in adults
suggests that the symptom-clusters and FSD are indeed related. The cluster of
overtiredness, dizziness and musculoskeletal pain was, in keeping with findings
on chronic fatigue syndrome and fibromyalgia (Tak et al., 2011), related to low
cortisol levels after awakening. The cluster of headache and gastrointestinal
symptoms was, in line with irritable bowel syndrome (Tak et al., 2011), not related
to cortisol levels during awakening. We found ANS functioning to be symptom133
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specific as well. However, a meta-analysis in adults did not find FSD-specific
associations for heart rate variability (Tak et al., 2009). This might have been due
to the low quality of most research conducted so far in adults (Tak et al., 2009).
Studies of higher quality are necessary to find out whether irritable bowel
syndrome is related to autonomic hyperarousal and fibromyalgia and
overtiredness to autonomic hypoarousal.
Suggestions for future research
As mentioned, this study is more of theoretical than of clinical importance. To
draw conclusions about causality, intervention studies are needed. In addition, a
new type of research design seems promising for examining the etiology of FSS
in adolescents. This research method, which is called vector autoregressive
modelling, tends to identify risk factors of FSS in a single individual by repeatedly
assessing the association between risk factors and level of FSS (Molenaar and
Campbell, 2009). The goal of such an analytic method is to provide participants
feedback about which factors are aggravating their FSS. By implementing this
knowledge in daily life, participants will presumably get better control of their
symptoms. Another important aspect of future research should be that
researchers from different disciplines join forces and examine the etiological
background of FSS together, since this thesis supports previous findings that FSS
result from a multifactorial background (Beck, 2008). Combining expertise from
different disciplines is likely to lead to a better integration of research findings and
thereby to a more complete understanding of the etiology of FSS (Farmer et al.,
2010). Another type of research that looks promising for unravelling the etiology of
FSS is fMRI research (Browning et al., 2011;Farmer et al., 2010). This research
might be especially helpful to examine the processes of bodily signal generation
and bodily attention. It might, for example, be interesting to investigate the
symptom-specificity of the process of signal generation by studying whether
adolescents who are suffering from particular symptoms are especially sensitive
to stimuli applied to the bodily region where they are experiencing discomfort. The
role of bodily attention is also worth studying while using fMRI, since during fMRI
research the amount of attention can be manipulated. Using the same paradigm
for studying patients suffering from different symptoms would enable researchers
to examine whether bodily attention is indeed a generic process in the
development of various FSS.
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Conclusion
This thesis offers a new perspective on lumping and splitting in research on the
etiology of FSS in adolescence. Environmental risk factors are most likely
particularly involved in the amount of attention paid to symptoms, and thus can
best be studied while lumping all symptoms together. Biological and psychological
risk factors are more likely to play a direct role in the generation of FSS and can
best be studied when splitting FSS into two symptom clusters. One of these
symptom clusters is related to a maladaptive stress response and the other to
difficulty to recover from stressful situations. Future studies are necessary to
challenge this new theory, since, as Selye nicely stated, “many theories are of
value simply because they encourage others to discover new facts that then lead
to better theories”. Hopefully, this will also be the consequence of this thesis.
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The aim of this thesis was to examine the etiology of functional somatic symptoms
(FSS) in adolescents. FSS are symptoms that cannot be completely explained by
underlying pathology. They are common during adolescence, but their etiology is
still unknown. FSS are generally assumed to be the result of a complex interplay
between biological, psychological and environmental factors. Some researchers
take the approach that all different FSS share a common etiology and should be
studied together, called the lumping approach. Other researchers take the
approach that particular FSS have their own specific background and should be
studied separately, known as the splitting approach. We assumed that FSS have
both a shared etiology, mainly determined by psychological and environmental
factors and a specific etiology, mainly determined by biological factors. Therefore,
the etiology of FSS was studied by taking the lumping approach when examining
psychological and environmental factors and by following the splitting approach
when investigating biological factors.
The first psychological risk factors that were examined were anxiety and
depression (Chapter 1). Trait and state models were used to examine whether
anxiety and depression were risk factors rather than consequences of FSS. The
state component of anxiety and depression had a strong and direct effect on FSS.
The state component of anxiety and depression had in turn a weaker and delayed
effect on FSS. The trait components of anxiety, depression and FSS were related
as well. This suggests that FSS and anxiety and depression do not only have a
mutual influence on each other, but also share a common background. In Chapter
3, the role of intelligence was examined. FSS were again divided into a state and
trait component. The state component of FSS was associated with intelligence, but
only in adolescents of whom parents had high expectation of adolescents’ school
performance. This suggests that high parental expectations and not low
intelligence scores make adolescents with low intelligence scores at risk for FSS.
The role of the parents in the etiology of FSS, became also apparent in Chapter 4.
Parental overprotection predicted the course of FSS in young adolescents. This
effect was partially mediated by parenting stress. Suggesting that overprotective
parents experienced more parenting stress and thereby made adolescents at risk
for FSS. Not only parental overprotection, but also school absenteeism was found
to be a perpetuating factor of FSS (Chapter 5). This perpetuating effect was not
found in adolescents who were bullied. For bullied adolescents school
absenteeism probably had not only a disadvantageous effect by making
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adolescents more focused on their symptoms, but also a beneficial effect by
releasing these adolescents from being bullied, when staying home.
In part II, biological risk factors for FSS were studied, when taking a splitting
approach. The first biological factor that was examined was pubertal development
(Chapter 6). Pubertal development was not only studied in the TRAILS-cohort, but
also in an American cohort of adolescents. In both cohorts, pubertal development
predicted back pain, overtiredness and dizziness at follow-up, but not headache
and stomach pain. This study, thus, suggested that headache and stomach pain
result from another biological background than overtiredness, dizziness and
musculoskeletal pain. In chapter 7, we examined by performing both a
confirmatory and an exploratory factor analysis whether two factors were indeed
underlying the investigated FSS. This factor analysis confirmed that FSS could be
divided into two symptom clusters. One symptom cluster consisted of
overtiredness, dizziness and musculoskeletal pain and the other cluster consisted
of headache and gastrointestinal symptoms. These symptom clusters were
examined in relation to the stress hormone cortisol (Chapter 7). The cluster of
overtiredness, dizziness and musculoskeletal pain was related to low cortisol
levels after awakening. The cluster of headache and gastrointestinal pain was
related to low cortisol levels during social stress. In the last empirical study, we
examined whether autonomic nervous system functioning and psychological
arousal were differentially related to these symptom clusters (Chapter 8). The
cluster of overtiredness, dizziness and musculoskeletal pain was associated with
high heart rate variability prior to a stressful situation, and to long lasting
psychological arousal. The cluster of headache and gastrointestinal symptoms
was related to high heart rate prior to a stressful situation, and to transient
psychological arousal.
In Chapter 9, all findings were discussed in light of our new perspective on
lumping and splitting. We found that apart from biological factors, psychological
factors could best be studied while taking a splitting approach. Anxiety and
depression were two-and-a-half time stronger related to the cluster of
overtiredness, dizziness and musculoskeletal pain than to the cluster of headache
and gastrointestinal symptoms. So our studies suggest that when studying
psychological or biological factors, FSS could be divided into two symptom
clusters. When studying environmental factors FSS could be lumped and studied
together.
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Lekensamenvatting
Het doel van dit proefschrift was om factoren in kaart te brengen die een rol
spelen bij het ontstaan en beloop van somatisch onvoldoende verklaarde
lichamelijke klachten (SOLK) bij jongeren. SOLK zijn klachten waarvoor een arts
onvoldoende lichamelijk verklaring kan vinden. Ongeveer 10 tot 15 procent van
de jongeren lijdt aan dit soort klachten, zoals vermoeidheid, spierpijn, hoofdpijn,
duizeligheid of buikklachten. De klachten zijn waarschijnlijk het resultaat van een
ingewikkeld samenspel tussen biologische, psychologische en
omgevingsfactoren. Sommige onderzoekers gaan ervan uit dat alle SOLK
dezelfde onderliggende oorzaak hebben. Andere onderzoekers denken dat elk
symptoom een ander onderliggende oorzaak heeft en dat de oorzaak dus per
symptoom onderzocht moet worden. In dit proefschrift werd er vanuit gegaan dat
symptomen gedeeltelijk dezelfde oorzaak hebben, maar gedeeltelijk ook uit een
symptoom-specifiek mechanisme ontstaan. Psychosociale factoren werden
verondersteld deel uit te maken van de gemeenschappelijke oorzaak, terwijl
biologische factoren verondersteld werden symptoom-specifiek te zijn.
SOLK werden onderzocht binnen de TRAILS studie. TRAILS is een studie die
2230 jongeren uit de drie noordelijke provincies van Nederland volgt vanaf
ongeveer hun 10e tot hun 25e levensjaar. Voor dit proefschrift werden de eerste
drie meetronden van TRAILS gebruikt. Tijdens de eerste meting waren de
jongeren gemiddeld 11 jaar oud, tijdens de tweede meetronde gemiddeld 13,5 en
tijdens de derde meetronde gemiddeld 16 jaar. Tijdens deze onderzoeksronden
vulden de jongeren, hun klasgenoten, ouders en leerkrachten vragenlijsten in.
Verder werden bij de eerste meting intelligentietests afgenomen. Ook werden van
715 jongeren bij de derde meting biologische en psychologische stressreacties in
kaart gebracht.
Eerst werden relaties tussen SOLK en de psychologische factoren angst en
depressie onderzocht. Onderzoeken hebben laten zien dat jongeren die SOLK
hebben vaak ook angstig of depressief zijn. Het was alleen nog onduidelijk of
angst en depressie vooral aan SOLK voorafgaan of dat ze met name een gevolg
zijn van SOLK. Wij toonden aan dat angstige en depressieve jongeren een
verhoogde kans hebben om SOLK te ontwikkelen, maar dat SOLK op hun beurt
jongeren ook angstiger en depressiever kunnen maken. Een derde factor die
onderzocht werd, was intelligentie. Een eerdere studie van onze
onderzoeksgroep heeft aangetoond dat volwassenen met een lagere intelligentie
gemiddeld genomen meer SOLK ervaren dan volwassenen met een hogere
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intelligentie. Wij wilden weten of dit ook gold voor jongeren. Onze resultaten
toonden dit inderdaad aan. Het effect werd echter alleen gevonden bij jongeren
wier ouders hoge verwachtingen hadden over hun schoolprestaties. De invloed
van de ouders op SOLK werd ook duidelijk in onze studie naar
overbeschermende ouders. Jongeren, die bij de eerste meting aangaven dat ze
hun ouders overbeschermend vonden, hadden bij de vervolgmeting meer
klachten dan jongeren die dit niet aangaven. Ook schoolverzuim was van invloed
op SOLK. Jongeren die veel van school wegbleven hadden meer klachten bij een
vervolgmeting dan jongeren die niet veel van school wegbleven. Dit effect werd
niet gevonden voor jongeren die gepest werden. Vermoedelijk heeft het
wegblijven van school over het algemeen een ongunstig effect op het beloop van
de klachten, doordat jongeren thuis meer op hun klachten gericht raken. Jongeren
die gepest worden, ervaren thuis waarschijnlijk minder stress dan op school. Voor
hen heeft thuis blijven van school dus vermoedelijk zowel een gunstig als een
ongunstig effect op de klachten.
Puberteitsontwikkeling was de eerste biologische factor die onderzocht werd. Het
is bekend dat meisjes veel meer SOLK ervaren dan jongens en dat dit verschil
toeneemt tijdens de puberteit, maar het is niet precies bekend waardoor dit komt.
Wij vroegen ons af of puberteitsontwikkeling de toename in verschil tussen
jongens en meisjes kon verklaren. We onderzochten voor deze studie niet alleen
Nederlandse jongeren, maar ook Amerikaanse jongeren. Zowel Nederlandse als
Amerikaanse jongeren die zich in een later puberteitsstadium bevonden, hadden
meer last van vermoeidheid, duizeligheid en spierklachten op een vervolgmeting
twee tot drie jaar later. Hoofdpijn en buikpijn hingen in beide landen niet samen
met puberteitsontwikkeling. Er werden geen verschillen tussen jongens en
meisjes gevonden. Dit maakt het niet aannemelijk dat puberteitsontwikkeling de
toename in het verschil in klachten tussen jongens en meisjes verklaart.
Op basis van de resultaten van onze studie naar puberteitsontwikkeling besloten
wij twee clusters van symptomen te onderscheiden. Het eerste cluster bestond uit
hoofdpijn en buikklachten en het tweede cluster uit vermoeidheid, duizeligheid en
spierklachten. Aangezien eerdere onderzoeken hebben laten zien dat SOLK vaak
het gevolg zijn van stress hebben we gekeken of deze twee symptoomclusters
verschillend samenhingen met de twee belangrijke stress-systemen van het
lichaam: de hypothalamus-hypofyse-bijnier-as en het autonome zenuwstelsel. De
activiteit van de hypothalamus-hypofyse-bijnier-as werd bestudeerd door de
hoeveelheid van het stresshormoon cortisol in het speeksel te meten, zowel
tijdens het wakker worden als tijdens een stresstest. Een hoog cortisolgehalte
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duidt op een hoog actief stress-systeem. Het cluster van hoofdpijn en
buikklachten bleek gerelateerd aan een laag cortisolgehalte tijdens de stresstest
en het cluster van vermoeidheid, duizeligheid en spierpijn aan een laag
cortisolgehalte tijdens het wakker worden. De activiteit van het autonome
zenuwstelsel werd gemeten aan de hand van de hartslag en de variabiliteit in
hartslag. Jongeren die last hadden van hoofdpijn en/of buikklachten hadden een
hogere hartslag, terwijl jongeren die last hadden van vermoeidheid, duizeligheid
en/of spierpijn een hogere variabiliteit in hartslag hadden dan jongeren zonder
klachten. De hoeveelheid psychische stress die jongeren rapporteerden tijdens de
test bleek ook aan SOLK gerelateerd. Jongeren die last hadden van hoofdpijn
en/of buikklachten voelden zich tijdens de stresstest gespannener dan jongeren
zonder deze klachten. Jongeren die last hadden van vermoeidheid, duizeligheid
en/of spierpijn voelden zich zowel voor, tijdens, als na de test gespannener dan
jongeren zonder deze klachten.
In het laatste hoofdstuk van dit proefschrift hebben we de bevindingen
bediscussieerd en getest of de onderzochte sociale en psychologische factoren
even sterk samenhingen met de bovengenoemde clusters van symptomen.
Ouderlijke overbescherming en schoolverzuim waren inderdaad nagenoeg even
sterk verbonden met het cluster van hoofdpijn en buikklachten als met het cluster
van vermoeidheid, duizeligheid en spierpijn. Intelligentie hing met geen van beide
clusters samen. Angst en depressie hingen met beide clusters samen maar beide
waren veel sterker verbonden met het cluster van vermoeidheid, duizeligheid en
spierpijn dan met het cluster van hoofdpijn en buikklachten. We kunnen dus
stellen dat omgevingsfactoren eenzelfde invloed op SOLK uitoefenen, terwijl de
samenhang tussen enerzijds psychologische en biologische factoren en
anderzijds SOLK afhangt van het type klacht.
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