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Abstract

Objective

Stressors have been related to medically insufficiently explained or functional somatic

symptoms (FSS). However, the underlying mechanism of this association is largely unclear.

In the current study, we examined whether FSS are associated with different perceived

stress and cardiac autonomic nervous system (ANS) levels during a standardized stressful

situation, and whether these associations are symptom-specific.

Methods

We examined 715 adolescents (16.1 years, 51.3% girls) from the Dutch cohort study Track-

ing Adolescents’ Individual Lives Sample during the Groningen Social Stress Test (GSST).

FSS were assessed by the Youth Self-Report, and clustered into a cluster of overtiredness,

dizziness and musculoskeletal pain and a cluster of headache and gastrointestinal symp-

toms. Perceived stress levels (i.e. unpleasantness and arousal) were assessed by the Self-

Assessment Manikin, and cardiac ANS activity by assessing heart rate variability (HRV-HF)

and pre-ejection period (PEP). Perceived stress and cardiac ANS levels before, during, and

after the GSST were studied as well as cardiac ANS reactivity. Linear regression analyses

were used to examine the associations.

Results

Perceived arousal levels during (beta = 0.09, p = 0.04) and after (beta = 0.07, p = 0.047) the

GSST, and perceived unpleasantness levels before (beta = 0.07, p = 0.048) and during

(beta = 0.12, p = 0.001) the GSST were related to FSS during the past couple of months.

The association between perceived stress and FSS was stronger for the FSS cluster of

PLOS ONE | DOI:10.1371/journal.pone.0153318 April 18, 2016 1 / 12

a11111

OPEN ACCESS

Citation: Janssens KAM, Riese H, Van Roon AM,
Hunfeld JAM, Groot PFC, Oldehinkel AJ, et al. (2016)
Are Cardiac Autonomic Nervous System Activity and
Perceived Stress Related to Functional Somatic
Symptoms in Adolescents? The TRAILS Study. PLoS
ONE 11(4): e0153318. doi:10.1371/journal.
pone.0153318

Editor: Nanette H Bishopric, University of Miami
School of Medicine, UNITED STATES

Received: October 16, 2015

Accepted: March 28, 2016

Published: April 18, 2016

Copyright: © 2016 Janssens et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant information
files are within the paper and its Supporting
Information Files.

Funding: This research is part of the TRacking
Adolescents' Individual Lives Survey. Participating
centers of the Tracking adolescents' individual lives
survey include various departments of the University
Medical Center and University of Groningen, the
Erasmus University Medical Center Rotterdam, the
University of Utrecht, the Radboud Medical Center
Nijmegen, and the Parnassia Bavo group, all in the

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0153318&domain=pdf
http://creativecommons.org/licenses/by/4.0/


overtiredness, dizziness and musculoskeletal pain than for the cluster of headache and

gastrointestinal symptoms. Neither ANS activity levels before, during, and after the GSST,

nor maximal HF-HRV and PEP reactivity were related to FSS.

Conclusions

This study suggests that perceived stress levels during social stress are related to FSS,

whereas cardiac ANS activity and reactivity are not related to FSS.

Introduction
Functional somatic symptoms (FSS), like fatigue and chronic pain, are symptoms not fully
explained by a conventional medical condition. They are common during adolescence and can
have large impact on adolescents’ lives [1,2]. More insight into the developmental pathways of
this important health problem might aid the development of effective prevention and interven-
tion strategies. Stressors have often been suggested to play a prominent role in the development
of FSS [3,4]. However, the mechanistic pathways of the association between stressors and FSS
is largely unclear.

The most commonly examined pathway is that stressors result in high perceived stress levels
and that these high perceived stress levels lead to feelings of tiredness and other somatic dis-
comfort. High perceived stress levels have repeatedly been associated with FSS in adolescents
[5–9]. Moreover, it has recently been found that high perceived stress levels indeed impair
somatic recovery from physiological exhausting situations [9]. It is, however, unclear whether
high perceived stress levels reflect anticipation stress, stronger psychological reactions during
stressful situations or problems with psychological recovery, and thus sustained high perceived
stress levels, after a stressful situation occurred.

Apart from maladaptive psychological responses to stress, also maladaptive physiological
responses have been thought proposed to play a role in the relationship between stressful expe-
riences and development of FSS. Specifically, inadequate reactions of the cardiac autonomic
nervous system (ANS) system are thought to explain part of the association between stressors
and FSS [10]. The cardiac ANS consists of two branches, namely the parasympathetic (PNS)
and sympathetic nervous system (SNS) branch. The PNS is mainly responsible for maintaining
normal growth and restoration of internal organs, and the SNS for redistributing metabolic
output in times of external threat. Stress reactions are generally characterized by withdrawal of
the PNS and heightened SNS activation. Since FSS are believed to result from adaptation to
chronic stress, low PNS and high SNS levels have specifically been suggested to be related to
FSS. However, research on the association between ANS functioning and FSS in adolescents
and adults is scarce and results are conflicting [10–18]. Particularly the SNS has hardly been
studied in relationship to FSS. Moreover, most previous studies have examined ANS activity
during rest, and hence it is unknown whether FSS are stronger related to ANS activity before,
during or after a stressful situation [19].

Another remaining question is whether psychological or physiological stress levels are par-
ticularly related to specific clusters of FSS. Much debate is going on in the field of psychoso-
matic medicine about whether all FSS result from the same underlying etiology and can thus be
examined together (the lumping approach) or whether each FSS has its own specific back-
ground and should be examined separately (the splitting approach). Taking both approaches
will shed more light on these different points of view. Previous research suggests that the
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association between FSS and cortisol responses may be symptom-specific. For example, fatigue
and musculoskeletal pain symptoms have been found to be specifically related to morning cor-
tisol levels [20,21], so to cortisol functioning not linked to a stressful situation. Headache and
gastrointestinal symptoms have been found to be related to cortisol responses during stress
and not to morning cortisol levels [20]. In the current study we want to examine whether spe-
cific FSS clusters are also stronger related to high perceived stress levels and ANS activity
before, during and after a stressful situation.

Most previous research on the association between cardiac ANS and FSS examined absolute
ANS activity levels. However, the use of absolute ANS activity levels has been criticized, since
using these absolute ANS levels does not allow taking interindividual cardiac differences, for
instance cardiac preload and afterload, into account [22]. Therefore, the use of cardiac ANS
reactivity measures has been recommended [22]. Cardiac reactivity measures reflect within-
person changes in ANS activity levels during different conditions. Cardiac reactivity measures
thus allow us to examine within-subject changes in ANS activity in a between-subject design.
In line with reasoning about ANS levels, high cardiac ANS reactivity measures are expected to
be related to FSS, but it is currently unknown whether ANS levels and ANS reactivity levels are
both related to FSS.

The aim of the current study is to examine whether perceived stress levels and ANS activity
before, during, and after a standardized stressful situation are related to FSS in adolescents. We
hypothesize that FSS are associated with high perceived stress levels, low PNS levels and high
SNS levels before, during and after a standardized stressful situation and that these associations
are symptom-specific. Further, we hypothesize that FSS are related to high cardiac ANS reac-
tivity. Our hypotheses were tested in a large population-based sample of adolescents (N = 715)
who participated in a social stress test.

Methods

Participants
The data were collected in a subsample of 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, five assessment waves have been completed. During
T1, 2230 children were enrolled in the study (for more details about the sample selection, see
[23]), of whom 1816 (81.4%) participated in T3. During T3, 744 adolescents were invited to
perform an additional experimental session; 715 (96.1%) agreed to do so. Adolescents with a
high risk of mental health problems had a greater chance of being selected for the experimental
session, since mental health was the main focus of the Tracking Adolescents’ Individual Lives
Survey. High risk was defined based on three criteria: temperament (i.e., high frustration and
fearfulness and low effortful control); lifetime parental psychopathology; and living in a single-
parent family (see also [24]). In total, 66.0% of the focus sample had at least one of the above-
described risk factors: 38% had 1 risk factor, 22% had 2 risk factors, and 6% had 3 risk factors.
These risk factors were present in 58% of the total TRAILS population. The remaining 34.0%
of the subsample had none of the risk factors, and thus represented the low-risk participants.
Absence of all risk factors was true for 42% of the total TRAILS population. Since both low and
high risk participants were randomly selected from the TRAILS sample, the focus sample still
represented the whole range of problems, e.g. the scores on all FSS items ranged from 0 to the
maximum of 2. Sampling weights were used to adjust our analyses for oversampling of high
risk adolescents, so adolescents without any of the risk factors had highest sampling weights
(1.25) and adolescents with three risk factors lowest sampling weights (0.66).
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Procedure
General procedure. The experimental session consisted of a number of different chal-

lenges, i.e. 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 (Fig 1). Before, during,
and after the experimental session, extensively trained test assistants assessed cardiovascular
measures and perceived stress. The cardiovascular electrocardiogram (ECG) and impedance
cardiogram (ICG) recordings were performed in sitting, supine, and standing position at the
start of the experiment, and in sitting position during and after the social stress test, in seven
blocks (Fig 1). The experimental sessions took place in sound-proof rooms with blinded win-
dows 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 allocation of participants to morning
or afternoon sessions was random. The protocol was approved by the Central Committee on
Research Involving Human Subjects (CCMO), The Hague, the Netherlands. All participating
adolescents and their parents gave written informed consent.

The Groningen social stress test (GSST). The GSST was the last challenge of the experi-
mental session. It involved a standardized protocol, inspired by (but not identical to) the Trier
Social Stress Test [25]. 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 perfor-
mance 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 ANS activity measures 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, the participants were

Fig 1. Timeline of the stress experiment and time points at which perceived stress and autonomic nervous system activity have been assessed.
*used as robustness check.

doi:10.1371/journal.pone.0153318.g001
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instructed to repeatedly subtract the number 17 from a larger sum, starting with 13,278. A
sense of uncontrollability was induced by repeated negative feedback from the test assistant.
The amount of negative feedback provided was independent of test performance. 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
Autonomic nervous system responses. A three-lead ECG and a four-lead ICG (see [26])

was registered using 3M/RedDot Ag/AgCl electrodes (type 2255, 3M Health Care, Neuss, Ger-
many), while the participant was breathing spontaneously. Two cardiac autonomic measures
were derived from the ECG and ICG data: heart rate variability (HRV), and the pre-ejection
period (PEP). The cardiovascular signals were amplified with a BIOPAC Amplifier-System
(MP100, Goleta, CA), and filtered before digitization at 250 Hz. ECG data were cleaned with
dedicated software (i.e., PreCARSPAN,[27]) to detect R-peaks, to check signal stationarity, to
correct for artifacts, and to calculate the interbeat-interval (IBI) between two heartbeats. The
ECG signal was considered invalid if they contained artifacts with duration of more than 5 sec-
onds, if the total artifact duration was more than 10% of the registration, or if the block length
was less than 100 seconds. This resulted in invalid data for 38 participants before, 43 partici-
pants during, and 28 participants after the GSST. These participants were excluded from analy-
ses that concerned these measures. Calculation of the HRV was performed by power spectral
analysis in the CARSPAN software program [28,29]. 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. ICG data were assessed with a BIOPAC NICO100C Noninvasive Cardiac
Output Module. The PEP reflects the time interval between the onset of the electromechanical
systole (Q-wave onset) in the ECG and the opening of the aortic valves co-occurring with the
B-point in the ICG. B-points were manually scored by extensively trained raters using the
VU-AMS interactive software (www.vu-ams.nl), which graphically displays the large-scale
ensemble averages ICG [22] over each measurement block. The ICG scoring principles given
in the VU-AMS manual (2013) were followed [30]. When there was doubt about the B-point,
the scoring was discussed with a second rater. Outliers were checked and quality of the PEP
rates was subjectively scored on a 0–10 scale. PEP data were considered invalid if the quality of
the PEP was low (i.e. a score<6) or the signal contained too many artifacts (including partici-
pants with arrhythmias or extrasystoles), resulting in invalid PEP data for 148 participants
before; 163 participants during; and 160 participants after the GSST. These participants were
excluded from analyses that concerned these measures. PEP is expressed in ms.

An overview of the cardiovascular ECG and ICG recordings during the experiment is given
in Fig 1. The calculation of ANS activity during stress was based on cardiovascular recordings
during the first 3 minutes of the speech and mental arithmetic tasks (Fig 1). Adolescents spoke
during these tasks, and speech is known to interfere with analysis of HRV-HF and PEP (e.g.
[31] or [32]). Therefore, as a robustness check, apart from the analyses with the cardiovascular
recordings during the first 3 minutes of the speech and mental arithmetic task, the 3 minute
recordings directly following the speech and mental arithmetic task were used (Fig 1). Partici-
pants were not allowed to speak during the latter recordings.

Perceived stress responses. Feelings of stress were assessed by means of the Self-Assess-
ment Manikin, a non-verbal pictorial assessment technique to measure person’s psychological
reactions to a stressor[33]. The subjective intensity of the feelings of arousal and unpleasant-
ness could be indicated by choosing one out of nine ordered pictures. The pictures were
recoded into a nine-point scale (range 1–9) in such a way that high scores represented high
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levels of arousal and unpleasantness. Feelings of arousal and unpleasantness were assessed
before, during and after the stress test (Fig 1).

Functional somatic symptoms. FSS were assessed with seven items of the Somatic Com-
plaints subscale of the Youth Self-Report (YSR): pain, headache, stomachache, nausea, vomit-
ing, dizziness, and fatigue [34,35]. The items refer to complaints without a known medical
cause or without an obvious reason in the past six months. Participants indicated whether they
experienced these complaints ‘never’ (0), ‘sometimes or a bit’ (1), or ‘often or a lot’ (2). The
scale score represents the mean of these items (range 0–2). The YSR was assessed as part of the
regular T3 measurements on average 3.1 month (SD = 5.1) before the GSST, due to practical
reasons.

Symptom clusters. In line with our previous study [20], symptoms were divided into two
clusters, one consisting of headache and gastrointestinal symptoms, and the other of overtired-
ness, dizziness and musculoskeletal pain. All these symptoms were assessed with the YSR,
apart from musculoskeletal pain, which was assessed with a by TRAILS developed pain ques-
tionnaire. We rescaled this item to the YSR. Mean item scores, which could range from 0–2,
were computed for each cluster.

Other variables. The covariates sex, depressive symptoms, body mass index (BMI), smok-
ing, physical activity level, medication use, which are known to be potential confounders in the
relationship between ANS measures and FSS [11], were used in this study. Depressive symp-
toms were measured using the mean item score of 13 depressive symptoms items from the YSR
(Cronbach’s alpha = .75, see [36]). BMI was defined as the weight in kilograms divided by the
length in meters squared, which were measured by trained test assistants. Physical activity level
and smoking frequency were assessed by questionnaire as part of the regular T3 measurements.
Physical activity level was operationalized as the number of days of a week an adolescent was
physically active for at least one hour. Smoking was defined as being a daily smoker (yes or no).
The use of medication was assessed by means of a checklist on current medication use adminis-
tered at the beginning of the stress experiment. We adjusted for psychopharmaca and sym-
pathicomimetic drugs, since these drugs are associated with both ANS measures and FSS [11].

Statistical analyses. All analyses were performed while using sampling weights to correct
for the oversampling on adolescents with a high risk of mental health problems. First, linear
regression analyses were used to examine whether FSS were related to perceived stress before,
during or after the stress test. These analyses were adjusted for sex. Linear regression analyses
were also performed to examine whether FSS were related to HRV-HF or PEP before, during
or after the social stress test. These analyses were adjusted for the potential confounders sex,
medication use, smoking, BMI, physical activity level, and depressive symptoms [11]. Further,
explorative analyses were performed to examine whether the specific clusters of FSS were dif-
ferentially related to perceived stress levels and HRV-HF or PEP levels. These analyses were
additionally adjusted for the other cluster, since the clusters of FSS were simultaneously
included as predictors in the model. Finally, cardiac ANS reactivity was examined. In line with
previous research [37], ANS reactivity measures were determined by the maximum HF-HRV
level during the test minus the minimum level before or after the test (ΔHF-HRV) and the
maximum PEP level during the test minus the minimum level before or after the test (ΔPEP).
Linear regression analyses were performed to examine whether these ANS reactivity measures
were related to FSS. Analyses were performed in SPSS version 22. The database used to perform
our analyses can be found in S1 Dataset. Results were considered statistically significant if
p<0.05.
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Results

Descriptive Statistics
Information on age of the participants, sex, FSS, perceived stress levels, ANS activity and covar-
iates are shown in Table 1. Mean item scores of the FSS clusters were comparable (Table 1).

Perceived Stress Levels Before, During, and After the GSST and FSS
FSS were positively related to perceived arousal levels before, and during the GSST and to
unpleasantness levels before and after the GSST (Table 2). Explorative linear regression analy-
ses revealed that these associations were symptom-specific. The cluster of headache and gastro-
intestinal symptoms was only positively related to perceived unpleasantness during the GSST
(Table 2). The cluster of overtiredness, dizziness and musculoskeletal pain was positively
related to perceived arousal level before, during and after the GSST and to perceived unpleas-
antness before the GSST (Table 2).

Table 1. Sample characteristics.

Valid N Mean (SD) or percentage

Female 715 50.9%

Age 715 16.1 (0.60)

Body mass index 696 21.3 (3.28)

Depressive symptomsa 695 0.25 (0.24)

Medication useb 715 4.3%

Smoking (daily) 699 17.3%

Physical activity levelc 696 3.3 (2.1)

Functional somatic symptomsa 675 0.34 (0.33)

Cluster of gastrointestinal symptoms and headachea 680 0.39 (0.43)

Cluster of overtiredness, dizziness and musculoskeletal paina 679 0.35 (0.36)

LN HRV-HF befored 677 6.7 (1.2)

LN HRV-HF duringd 672 7.0 (1.0)

LN HRV-HF afterd 687 7.0 (1.1)

PEP beforee 567 125 (19)

PEP duringe 552 111 (19)

PEP aftere 555 123 (19)

Perceived arousal beforef 704 2.6 (1.5)

Perceived arousal duringf 713 4.2 (1.9)

Perceived arousal afterf 697 2.4 (1.5)

Perceived unpleasantness beforef 704 3.2 (1.5)

Perceived unpleasantness duringf 713 4.8 (1.8)

Perceived unpleasantness afterf 697 2.9 (1.8)

amean item score which could range from 0–2;
buse of psychopharmaca and sympathicomimetics drugs;
cmean number of days a week on which at least one hour physical active;
dLN = natural logarithmic transform;
eln(ms2)
fmean item score that could range from 1–9; before, during and after refer to the Groningen Social Stress

Test (GSST)

doi:10.1371/journal.pone.0153318.t001
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Cardiac ANS Activity Before, During and After the Stress Experiment
and FSS
Neither HRV-HF nor PEP measures assessed before, during or after the GSST were signifi-
cantly related to FSS (Table 3), nor were ANS activity measures related to specific FSS clusters
(Table 3). As a robustness check, we repeated these analyses using the interludes directly after
the speaking and arithmetic tasks, during which participants were not allowed to speak to
avoid the influence of speaking on autonomic measures. HRV-HF and PEP assessed during
these interludes were not significantly related to FSS in general or to specific FSS clusters.
When examining ANS reactivity (i.e., ΔHF-HRV and ΔPEP), HRV-HF reactivity (beta = 0.03,
p = 0.58) and PEP reactivity (beta = -0.05, p = 0.39) were not related to FSS.

Discussion
This study in 715 adolescents from the Dutch general population revealed that perceived
arousal levels during and after the GSST and perceived unpleasantness levels before and during
the GSST are related to FSS experienced in the past couple of months. These associations were
specifically evident in the cluster of overtiredness, dizziness and musculoskeletal pain in con-
trast to the cluster of headache and gastrointestinal symptoms. Cardiac PNS and SNS activity

Table 2. The associations between perceived stress before, during, and after the Groningen Social Stress Test (GSST) task and FSS.

Perceived
arousal
before

Perceived
arousal
during

Perceived
arousal after

Perceived
unpleasantness
before

Perceived
unpleasantness
during

Perceived
unpleasantness
after

Functional somatic
symptoms

0.06 (0.11) 0.09 (0.01)* 0.07 (0.047)* 0.07 (0.048)* 0.12 (0.001)** 0.06 (0.10)

Cluster of headache and
gastrointestinal
symptoms

-0.01 (0.76) 0.05 (0.23) -0.06 (0.17) -0.02 (0.62) 0.09 (0.03)* 0.04 (0.42)

Cluster of overtiredness,
dizziness and
musculoskeletal pain

0.09 (0.043)* 0.10 (0.02)* 0.16 (<0.001)** 0.12 (0.005)* 0.07 (0.10) 0.04 (0.40)

Beta (p-value); all analyses are adjusted for sex and medication use; the two symptom clusters were analyzed simultaneously and thus effects were

adjusted for each other; before, during and after refer to the Groningen Social Stress Test (GSST)

*p<0.05

**p<0.01; Note: sampling weights were used to represent the distribution in the normal population (see method section for more details)

doi:10.1371/journal.pone.0153318.t002

Table 3. The associations between ANS activity before, during and after the Groningen Social Stress Test (GSST) and FSS assessed in sitting
position.

HRV-HF Before HRV-HF During HRV-HF After PEP Before PEP During PEP After

Functional somatic symptoms 0.02 (0.63) -0.004 (0.94) 0.02 (0.65) 0.05 (0.32) 0.07 (0.19) 0.04 (0.47)

Headache and gastrointestinal symptoms 0.001 (0.99) -0.06 (0.17) 0.03 (0.48) -0.04 (0.46) 0.000 (1.00) -0.04 (0.47)

Overtiredness, dizziness and musculoskeletal pain 0.01 (0.80) 0.06 (0.25) -0.03 (0.64) 0.11 (0.050) 0.07 (0.25) 0.07 (0.21)

Β (p-value); All analyses are adjusted for sex, medication use, smoking, exercise frequency, body mass index, and depressive symptoms; the two

symptom clusters were analysed simultaneously and thus effects were adjusted for each other. LN = natural logarithmic transformed; HRV-HF = heart rate

variability in the high frequency band in ln(ms2); PEP = pre-ejection period in ms; before, during and after refer to the Groningen Social Stress Test

(GSST); during refers to the averaged cardiac measures assessed during the first 3 minutes of the public speaking and the mental arithmetic task; Note:

sampling weights were used to represent the distribution in the normal population

doi:10.1371/journal.pone.0153318.t003
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before, during and after the GSST were not related to FSS in our study, nor were cardiac PNS
or SNS reactivity.

One strong point of our study is that we examined the associations between ANS function-
ing and FSS in a relatively large sample, which increased the robustness of our findings. Fur-
thermore, 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. A final strength is that perceived stress
and cardiac ANS measures were repeatedly assessed before, during, and after the GSST. This
allowed us to show that FSS were stronger related to perceived stress during than perceived
stress before or after the GSST.

One limitation of our study is that the ANS activity measures assessed during the stress test
performance might have been disturbed by speech. As a robustness check, the stress levels dur-
ing the interludes, when adolescents were not allowed to speak, were used. Stress levels
remained relatively high during the interludes, because the participants expected that they had
to continue any moment. Nevertheless, they were lower than during speech and mental arith-
metic performance. These problems regarding speech might have weakened the potential asso-
ciation between ANS activity and FSS. Another limitation is that stress responses were defined
in relation to either pre or posttest levels, depending on whether stress levels were lower or
higher before or after the test, instead of only pretest levels. This approach was taken since it
allowed us to study maximal stress responses, and was in line with previous TRAILS research.
Further, the on average 3.1 month delay between FSS assessment and the stressor task may
have diminished the power to find potential associations, since adolescents’ FSS level could
have changed in the meantime. Furthermore, it should be noted that the FSS scores in our
study were quite low, which might have accounted for the lack of association between cardiac
ANS measures and FSS. Cardiac ANS functioning might be disturbed in adolescents with
severe FSS, which was only a small proportion of our sample. Finally, it should be noted that
the significant associations found were between two self-reported measures (i.e. FSS and per-
ceived arousal/unpleasantness). Although the measures were assessed at different time points,
we are not able to rule out that the found associations are partly due to report bias.

In keeping with previous research, this study showed that FSS are positively related to per-
ceived stress levels during a stressful situation [5–7]. 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 only related to perceived unpleasantness during
the stress part of the GSST, which might, taking multiple test bias into account, be considered a
chance finding. The cluster of overtiredness, dizziness and musculoskeletal pain was much
stronger related to perceived stress than the cluster of headache and gastrointestinal symptoms,
and showed association with perceived stress before, during and after the GSST. Therefore, this
cluster seems associated with anticipation stress, high stress reactions, and psychological recov-
ery problems after a stressful situation occurred. These findings thus suggest that this symptom
cluster is stronger related to psychological disturbances than the cluster of headache and gas-
trointestinal symptoms.

In line with some previous studies, HRV-HF and PEP were not related to FSS [10–18]. This
study did thus not find evidence that the potential association between cardiac ANS function-
ing and FSS is particularly evident during stress. This might bring into question whether it is
not the other way around: that an association between ANS functioning and FSS becomes par-
ticularly evident during rest. Adolescents suffering from FSS might especially differ from
healthy subjects in that they are not able to relax during a non-stressful period. Such a hypothe-
sis is supported by the fact that we did find associations between HR-HRV and FSS in supine
position at rest in adolescents and young adults in former studies, in which the rest assessment
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did not precede a stress experiment and when participants therefore probably felt more relaxed
[10,12]. However, differences between this and our two former studies might also be explained
by the sample size that was larger in the former studies, and therefore previous studies might
have had more power to show significant effects.

Since we found subjective stress (i.e., arousal and unpleasantness) to be related to FSS in
adolescents, diminishing subjective levels of arousal and unpleasantness in adolescents might
be a good intervention target for FSS. This is in line with the few studies that examined the
effectiveness of stress reduction in adolescents suffering from FSS (e.g. [38] and [39]). Regard-
ing the biological background of the association between subjective stress and FSS, we did not
find evidence for a role of the cardiac ANS. This might have to do with the fact that the ANS is
mainly involved in short-term stress responses. We previously found some evidence that the
long-term stress regulation system, i.e. the hypothalamic-pituitary-adrenal-axis (HPA axis), is
related to FSS [20].

In conclusion, the findings of this study suggest that perceived stress levels before, during,
and after a stressful situation are related to FSS in the past couple of months. This was specifi-
cally true for symptoms of overtiredness, dizziness and musculoskeletal pain in contrast to
headache and gastrointestinal symptoms. Cardiac ANS activity levels before, during and after a
stressful situation were not related to FSS in our study, nor were HRV-HF and PEP reactivity.

Supporting Information
S1 Dataset. Dataset for the analyses.
(XLSX)

Acknowledgments
This research is part of the TRacking Adolescents’ Individual Lives Survey. Participating cen-
ters of the Tracking adolescents’ individual lives survey include various departments of the
University Medical Center and University of Groningen, the Erasmus University Medical Cen-
ter Rotterdam, the University of Utrecht, the Radboud Medical Center Nijmegen, and the Par-
nassia Bavo group, all in the Netherlands. The Tracking adolescents’ individual lives survey has
been financially supported by various grants from the Netherlands Organization for Scientific
Research NWO (Medical Research Council program grant GB-MW 940-38-011; ZonMW
Brainpower grant 100-001-004; ZonMw Risk Behavior and Dependence grants 60-60600-98-
018 and 60-60600-97-118; ZonMw Culture and Health grant 261-98-710; Social Sciences
Council medium-sized investment grants GB-MaGW 480-01-006 and GB-MaGW 480-07-001;
Social Sciences Council project grants GB-MaGW 457-03-018, GB-MaGW 452-04-314, and
GB-MaGW 452-06-004; NWO large-sized investment grant 175.010.2003.005); the Sophia
Foundation for Medical Research (projects 301 and 393), the Dutch Ministry of Justice
(WODC), the European Science Foundation (EuroSTRESS project FP-006), and the participat-
ing universities. We are grateful to all adolescents, their parents and teachers who participated
in this research and to everyone who worked on this project and made it possible.

Author Contributions
Conceived and designed the experiments: AJO JGMR HR JAMH. Analyzed the data: KAMJ.
Contributed reagents/materials/analysis tools: AMR HR PFCG. Wrote the paper: KAMJ HR
AMR JAMH PFCG AJO JGMR.

Perceived Stress and ANS Functioning in FSS

PLOSONE | DOI:10.1371/journal.pone.0153318 April 18, 2016 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153318.s001


References
1. Hunfeld JAM, Perquin CW, Hazebroek-Kampschreur AAJM, Passchier J, van Suijlekom-Smit LWA,

van der Wouden JC. Physically unexplained chronic pain and its impact on children and their families:
The mother's perception. Psychol Psychother -Theory Res Pract 2002; 75:251–260. PMID: 12396752

2. Janssens KAM, Oldehinkel AJ, Rosmalen JGM. Parental overprotection predicts the development of
functional somatic symptoms in young adolescents. J Pediatr 2009; 154:918–923. doi: 10.1016/j.jpeds.
2008.12.023 PMID: 19181331

3. Gini G, Pozzoli T. Association between bullying and psychosomatic problems: A meta-analysis. Pediat-
rics 2009; 123:1059–1065. doi: 10.1542/peds.2008-1215 PMID: 19255040

4. Paras ML, Murad MH, Chen LP, Goranson EN, Sattler AL, Colbenson KM, et al. Sexual abuse and life-
time diagnosis of somatic disorders: A systematic review and meta-analysis. JAMA 2009; 302:550–
561. doi: 10.1001/jama.2009.1091 PMID: 19654389

5. Varni JW, Rapoff MA, Waldron SA, Gragg RA, Bernstein BH, Lindsley CB. Effects of perceived stress
on pediatric chronic pain. J Behav Med 1996; 19:515–528. PMID: 8970912

6. Alfven G, Ostberg V, Hjern A. Stressor, perceived stress and recurrent pain in Swedish schoolchildren.
J Psychosom Res 2008; 65:381–387. doi: 10.1016/j.jpsychores.2008.07.004 PMID: 18805248

7. Bjorling EA. The momentary relationship between stress and headaches in adolescent girls. Headache
2009; 49:1186–1197. doi: 10.1111/j.1526-4610.2009.01406.x PMID: 19389139

8. Connelly M, Bickel J. An electronic daily diary process study of stress and health behavior triggers of
primary headaches in children. J Pediatr Psychol 2011; 36:852–862. doi: 10.1093/jpepsy/jsr017 PMID:
21441572

9. Stults-Kolehmainen MA, Bartholomew JB, Sinha R. Chronic psychological stress impairs recovery of
muscular function and somatic sensations over a 96-hour period. J Strength Cond Res 2014; 28:2007–
2017. doi: 10.1519/JSC.0000000000000335 PMID: 24343323

10. Tak LM, Janssens KAM, Dietrich A, Slaets JPJ, Rosmalen JGM. Age-specific associations between
cardiac vagal activity and functional somatic symptoms: A population-based study. Psychother Psycho-
som 2010; 79:179–187. doi: 10.1159/000296136 PMID: 20234148

11. Tak LM, Riese H, de Bock GH, Manoharan A, Kok IC, Rosmalen JGM. As good as it gets? A meta-anal-
ysis and systematic review of methodological quality of heart rate variability studies in functional
somatic disorders. Biol Psychol 2009; 82:101–110. doi: 10.1016/j.biopsycho.2009.05.002 PMID:
19463887

12. Dietrich A, Lord KG, Bosch NM, Oldehinkel AJ, Minderaa RB, Hoekstra PJ, et al. Reduced cardiac
autonomic flexibility associated with medically unexplained somatic complaints in the context of inter-
nalizing symptoms in a preadolescent population sample. The TRAILS study. Psychother Psychosom
2011; 80:62–64. doi: 10.1159/000318781 PMID: 21088451

13. Ebinger F, Kruse M, Just U, Rating D. Cardiorespiratory regulation in migraine. Results in children and
adolescents and review of the literature. Cephalalgia 2006; 26:295–309. PMID: 16472336

14. Wyller VB, Barbieri R, Thaulow E, Saul JP. Enhanced vagal withdrawal during mild orthostatic stress in
adolescents with chronic fatigue. Ann Noninvasive Electrocardiol 2008; 13:67–73. doi: 10.1111/j.1542-
474X.2007.00202.x PMID: 18234008

15. Olafsdottir E, Ellertsen B, Berstad A, Fluge G. Personality profiles and heart rate variability (vagal tone)
in children with recurrent abdominal pain. Acta Paediatr 2001; 90:632–637. PMID: 11440095

16. Puzanovova M, Arbogast PG, Smith CA, Anderson J, Diedrich A, Walker LS. Autonomic activity and
somatic symptoms in response to success vs. failure on a cognitive task: A comparison of chronic
abdominal pain patients and well children. J Psychosom Res 2009; 67:235–243. doi: 10.1016/j.
jpsychores.2009.02.007 PMID: 19686879

17. Houtveen JH, van Doornen LJ. Medically unexplained symptoms and between-group differences in 24-
h ambulatory recording of stress physiology. Biol Psychol 2007; 76:239–249. PMID: 17900786

18. Houtveen JH, Hamaker EL, Van Doornen LJ. Using multilevel path analysis in analyzing 24-h ambula-
tory physiological recordings applied to medically unexplained symptoms. Psychophysiology 2010;
47:570–578. doi: 10.1111/j.1469-8986.2009.00951.x PMID: 20030762

19. Tak LM, Rosmalen JGM. Dysfunction of stress responsive systems as a risk factor for functional
somatic syndromes. J Psychosom Res 2010; 68:461–468. doi: 10.1016/j.jpsychores.2009.12.004
PMID: 20403505

20. Janssens KAM, Oldehinkel AJ, Verhulst FC, Hunfeld JA, Ormel J, Rosmalen JGM. Symptom-specific
associations between low cortisol responses and functional somatic symptoms: The TRAILS study.
Psychoneuroendocrinology 2011; 37:332–40. doi: 10.1016/j.psyneuen.2011.06.016 PMID: 21803502

Perceived Stress and ANS Functioning in FSS

PLOSONE | DOI:10.1371/journal.pone.0153318 April 18, 2016 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/12396752
http://dx.doi.org/10.1016/j.jpeds.2008.12.023
http://dx.doi.org/10.1016/j.jpeds.2008.12.023
http://www.ncbi.nlm.nih.gov/pubmed/19181331
http://dx.doi.org/10.1542/peds.2008-1215
http://www.ncbi.nlm.nih.gov/pubmed/19255040
http://dx.doi.org/10.1001/jama.2009.1091
http://www.ncbi.nlm.nih.gov/pubmed/19654389
http://www.ncbi.nlm.nih.gov/pubmed/8970912
http://dx.doi.org/10.1016/j.jpsychores.2008.07.004
http://www.ncbi.nlm.nih.gov/pubmed/18805248
http://dx.doi.org/10.1111/j.1526-4610.2009.01406.x
http://www.ncbi.nlm.nih.gov/pubmed/19389139
http://dx.doi.org/10.1093/jpepsy/jsr017
http://www.ncbi.nlm.nih.gov/pubmed/21441572
http://dx.doi.org/10.1519/JSC.0000000000000335
http://www.ncbi.nlm.nih.gov/pubmed/24343323
http://dx.doi.org/10.1159/000296136
http://www.ncbi.nlm.nih.gov/pubmed/20234148
http://dx.doi.org/10.1016/j.biopsycho.2009.05.002
http://www.ncbi.nlm.nih.gov/pubmed/19463887
http://dx.doi.org/10.1159/000318781
http://www.ncbi.nlm.nih.gov/pubmed/21088451
http://www.ncbi.nlm.nih.gov/pubmed/16472336
http://dx.doi.org/10.1111/j.1542-474X.2007.00202.x
http://dx.doi.org/10.1111/j.1542-474X.2007.00202.x
http://www.ncbi.nlm.nih.gov/pubmed/18234008
http://www.ncbi.nlm.nih.gov/pubmed/11440095
http://dx.doi.org/10.1016/j.jpsychores.2009.02.007
http://dx.doi.org/10.1016/j.jpsychores.2009.02.007
http://www.ncbi.nlm.nih.gov/pubmed/19686879
http://www.ncbi.nlm.nih.gov/pubmed/17900786
http://dx.doi.org/10.1111/j.1469-8986.2009.00951.x
http://www.ncbi.nlm.nih.gov/pubmed/20030762
http://dx.doi.org/10.1016/j.jpsychores.2009.12.004
http://www.ncbi.nlm.nih.gov/pubmed/20403505
http://dx.doi.org/10.1016/j.psyneuen.2011.06.016
http://www.ncbi.nlm.nih.gov/pubmed/21803502


21. Tak LM, Cleare AJ, Ormel J, Manoharan A, Kok IC, Wessely S, et al. Meta-analysis and meta-regres-
sion of hypothalamic-pituitary-adrenal axis activity in functional somatic disorders. Biol Psychol 2011;
87:183–194. doi: 10.1016/j.biopsycho.2011.02.002 PMID: 21315796

22. Riese H, Groot PF, van den Berg M, Kupper NH, Magnee EH, Rohaan EJ, et al. Large-scale ensemble
averaging of ambulatory impedance cardiograms. Behav Res Methods Instrum Comput 2003; 35:467–
477. PMID: 14587556

23. deWinter AF, Oldehinkel AJ, Veenstra R, Brunnekreef JA, Verhulst FC, Ormel J. Evaluation of non-
response bias in mental health determinants and outcomes in a large sample of pre-adolescents. Eur J
Epidemiol 2005; 20:173–181. PMID: 15792285

24. Bouma EMC, Riese H, Ormel J, Verhulst FC, Oldehinkel AJ. Adolescents' cortisol responses to awak-
ening and social stress; Effects of gender, menstrual phase and oral contraceptives. The TRAILS
study. Psychoneuroendocrinology 2009; 34:884–893. doi: 10.1016/j.psyneuen.2009.01.003 PMID:
19195792

25. Kirschbaum C, Pirke KM, Hellhammer DH. The Trier Social Stress Test—a tool for investigating
psychobiological stress responses in a laboratory setting. Neuropsychobiology 1993; 28:76–81. PMID:
8255414

26. Willemsen GH, De Geus EJ, Klaver CH, Van Doornen LJ, Carroll D. Ambulatory monitoring of the
impedance cardiogram. Psychophysiology 1996; 33:184–193. PMID: 8851246

27. Dietrich A.. Autonomic nervous system function and behavioral characteristics in (pre)adolescents from
a general population cohort. Groningen: University Medical Center Groningen; 2007.

28. Mulder L. J. M. Assessment of cardiovascular reactivity by means of spectral analysis. Groningen: The
Netherlands: University of Groningen; 1988.

29. Robbe HWJ, Mulder LJM, Ruddel H, Langewitz WA, Veldman JBP, Mulder G. Assessment of barore-
ceptor reflex sensitivity by means of spectral-analysis. Hypertension 1987; 10:538–543. PMID:
3666866

30. Data Analysis and Management Software (DAMS) for the Vrije Universiteit Ambulatory Monitoring Sys-
tem (VU-AMS). Manual version 1.1. January 2013; Available: http://www.vu-ams.nl/fileadmin/user_
upload/manuals/VU-DAMS_manual_v1.1.pdf. Accessed 20 March 2014.

31. Bernardi L, Wdowczyk-Szulc J, Valenti C, Castoldi S, Passino C, Spadacini G, et al. Effects of con-
trolled breathing, mental activity and mental stress with or without verbalization on heart rate variability.
J Am Coll Cardiol 2000; 35:1462–1469. PMID: 10807448

32. Sloan RP, Korten JB, Myers MM. Components of heart-rate reactivity during mental arithmetic with and
without speaking. Physiol Behav 1991; 50:1039–1045. PMID: 1805266

33. Bradley MM, Lang PJ. Measuring emotion—the Self-Assessment Mannequin and the Semantic Differ-
ential. J Behav Ther Exp Psychiatry 1994; 25:49–59. PMID: 7962581

34. Achenbach TM, Dumenci L, Rescorla LA. DSM-oriented and empirically based approaches to con-
structing scales from the same item pools. J Clin Child Adolesc Psychol 2003; 32:328–340. PMID:
12881022

35. Janssens KA, Klis S, Kingma EM, Oldehinkel AJ, Rosmalen JG. Predictors for persistence of functional
somatic symptoms in adolescents. J Pediatr 2014; 164:900–905.e2. doi: 10.1016/j.jpeds.2013.12.003
PMID: 24418471

36. Janssens KAM, Rosmalen JGM, Ormel J, van Oort FVA, Oldehinkel AJ. Anxiety and depression are
risk factors rather than consequences of functional somatic symptoms in a general population of ado-
lescents: The TRAILS study. J Child Psychol Psychiatry 2010; 51:304–312. doi: 10.1111/j.1469-7610.
2009.02174.x PMID: 19788552

37. Oldehinkel AJ, Ormel J, Bosch NM, Bouma EM, Van Roon AM, Rosmalen JGM, et al. Stressed out?
Associations between perceived and physiological stress responses in adolescents: The TRAILS
study. Psychophysiology 2011; 48:441–452. doi: 10.1111/j.1469-8986.2010.01118.x PMID: 21361964

38. Van Tilburg MA, Chitkara DK, Palsson OS, Turner M, Blois-Martin N, Ulshen M, et al. Audio-recorded
guided imaginary treatment reduces functional abdominal pain in children: a pilot study. Pediatrics.
2009; 124: e890–897. doi: 10.1542/peds.2009-0028 PMID: 19822590

39. Larsson B, Carlsson J. A school-based, nurse-administered relaxation training for children with ten-
sion-type headache. J Pediatr Psychol. 1996; 21:603–614. PMID: 8936891

Perceived Stress and ANS Functioning in FSS

PLOSONE | DOI:10.1371/journal.pone.0153318 April 18, 2016 12 / 12

http://dx.doi.org/10.1016/j.biopsycho.2011.02.002
http://www.ncbi.nlm.nih.gov/pubmed/21315796
http://www.ncbi.nlm.nih.gov/pubmed/14587556
http://www.ncbi.nlm.nih.gov/pubmed/15792285
http://dx.doi.org/10.1016/j.psyneuen.2009.01.003
http://www.ncbi.nlm.nih.gov/pubmed/19195792
http://www.ncbi.nlm.nih.gov/pubmed/8255414
http://www.ncbi.nlm.nih.gov/pubmed/8851246
http://www.ncbi.nlm.nih.gov/pubmed/3666866
http://www.vu-ams.nl/fileadmin/user_upload/manuals/VU-DAMS_manual_v1.1.pdf
http://www.vu-ams.nl/fileadmin/user_upload/manuals/VU-DAMS_manual_v1.1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10807448
http://www.ncbi.nlm.nih.gov/pubmed/1805266
http://www.ncbi.nlm.nih.gov/pubmed/7962581
http://www.ncbi.nlm.nih.gov/pubmed/12881022
http://dx.doi.org/10.1016/j.jpeds.2013.12.003
http://www.ncbi.nlm.nih.gov/pubmed/24418471
http://dx.doi.org/10.1111/j.1469-7610.2009.02174.x
http://dx.doi.org/10.1111/j.1469-7610.2009.02174.x
http://www.ncbi.nlm.nih.gov/pubmed/19788552
http://dx.doi.org/10.1111/j.1469-8986.2010.01118.x
http://www.ncbi.nlm.nih.gov/pubmed/21361964
http://dx.doi.org/10.1542/peds.2009-0028
http://www.ncbi.nlm.nih.gov/pubmed/19822590
http://www.ncbi.nlm.nih.gov/pubmed/8936891

