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a b s t r a c t

Background: We examined the longitudinal associations of autonomic nervous system (ANS) and
hypothalamic-pituitary-adrenal (HPA) axis rest and reactivity measures with anxiety and depressive
symptoms at one-year follow-up in children with anxiety disorders.
Methods: In a clinical sample of 152 children with a primary DSM-IV anxiety disorder, aged 8 to 12 years,
anxiety and depressive symptoms were assessed with the Multidimensional Anxiety Scale for Children
and the Children's Depression Inventory at pre-treatment baseline and one year later, after treatment
with cognitive behavioral therapy. At baseline, children participated in a 70 min stress task. Salivary
cortisol was measured directly prior to and 20 min post stress task. Skin conductance level (SCL), heart
rate and high frequency heart rate variability (HRV) were continuously measured during rest and the
stress task. To investigate if rest or reactivity measures predicted anxiety and depressive symptoms at
one year follow-up, linear regression analyses were conducted for rest and reactivity measures of SCL,
heart rate, HRV and cortisol separately.
Results: Higher SCL reactivity predicted less decrease of anxiety symptoms at one-year follow-up. Cor-
tisol reactivity showed a weak association with depressive symptoms at one-year follow-up: lower
cortisol reactivity predicted less decrease in depressive symptoms.
Limitations: Only self-reported anxiety and depressive symptoms were used. However, all predictors
were objective biological measures, hence there is no risk of shared method variance bias.
Conclusions: These findings suggest that pre-treatment HPA and ANS responsiveness to stress are pre-
dictive biomarkers for a lack of symptom improvement in children with a clinical anxiety disorder.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

Anxiety disorders are among the most prevalent types of psy-
chiatric disorders experienced by children and adolescents (Bittner
et al., 2007; Verhulst et al., 1997), with separation anxiety disorder,
specific phobia, social phobia, and generalized anxiety disorder
being the most frequent childhood anxiety disorders (Beesdo-
Baum and Knappe, 2012). Childhood anxiety has been associated
with a range of negative outcomes, including academic under-
achievement, drug dependency, and an increased risk for devel-
oping other psychiatric disorders (Bittner et al., 2007; Woodward
and Fergusson, 2001).

Cognitive behavioral therapy (CBT) is the treatment of choice

for children with an anxiety disorder, with a remission rate of 59%
following treatment (James et al., 2013). A 7–19 year follow-up
study of the long-term outcomes of treated childhood anxiety
disorders showed that patients with a poorer response to CBT, had
higher rates of panic disorder, substance abuse and dependency in
adulthood than the successfully treated controls (Benjamin et al.,
2013). It is, therefore, important to identify predictors of symptom
improvement in treated children with an anxiety disorder.

Several studies tried to gain insight into clinical predictors of
treatment outcome in children with anxiety disorders. Some stu-
dies reported that higher anxiety severity predicts a less favorable
outcome (Compton et al., 2014; Hudson et al., 2013; Last et al.,
1998; Liber et al., 2010). A few studies showed that children with
comorbid mood disorders are more likely to retain their primary
anxiety disorder following treatment (Hudson et al., 2013; Liber
et al., 2010). Various studies examined the role of parental char-
acteristics as predictors of treatment outcome in children, but an
inconsistent pattern of findings resulted (Compton et al., 2014;
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Hudson et al., 2013; Legerstee et al., 2008). Because clinical char-
acteristics are weak or inconsistent indicators of response to CBT,
there is an increasing interest in identifying biomarkers to predict
differential treatment response (Lester and Eley, 2013).

Physiological stress response systems have been implicated as
possible important biological state markers for childhood anxiety.
It can be hypothesized that children with an anxiety disorder
function under conditions of persistent stress, with an excessive
and prolonged stress system activation (Dieleman et al., 2015).
Alterations in the autonomic nervous system (ANS) have been
associated with anxiety disorders in children; children with an
anxiety disorder show a pattern of heightened activity of the
sympathetic nervous system (Dieleman et al., 2015; Kossowsky
et al., 2012; Schmitz et al., 2011) and diminished parasympathetic
control (Dieleman et al., 2015; Schmitz et al., 2011), although some
studies failed to show this difference (Kossowsky et al., 2012;
Kristensen et al., 2014). Another major physiological stress re-
sponse system is the hypothalamic-pituitary-adrenal (HPA) axis.
Glucocorticoids can act both to augment and suppress autonomic
mediated changes. Cross-sectional studies related HPA axis func-
tioning to childhood anxiety disorders, but provided inconsistent
findings (Dieleman et al., 2015; Dietrich et al., 2013; Feder et al.,
2004; Forbes et al., 2006; Krämer et al., 2012). This may reflect the
variable methods of sampling, resting state versus stress para-
digms, differences in age, developmental status, and diagnostic
status of the study populations. Furthermore, differences in func-
tioning of the HPA axis could depend on the chronicity or the
severity of the disorder (Dieleman et al., 2015; Pervanidou, 2008).

Despite the evidence of altered pre-treatment HPA axis and
autonomic functioning in anxiety-disordered children, studies that
have assessed stress physiology as a predictor of therapy outcome
in childhood anxiety disorders are lacking. This study aims to in-
vestigate the longitudinal association of stress physiology at pre-
treatment baseline with anxiety and depressive symptoms at one
year follow-up in a clinical sample of anxiety disordered children
treated with CBT. We hypothesize that anxiety-disordered children
with a stronger autonomic stress response, i.e. heightened activity
of the sympathetic and diminished activity of the parasympathetic
nervous system, show persistence of anxiety symptoms one year
later. Also, we explore the longitudinal association between cor-
tisol levels and anxiety symptoms at one-year follow-up, but for-
mulate no specific hypothesis, given the inconsistent results of
previous studies. Furthermore, since comorbid depressive symp-
toms have been associated with a less favorable treatment out-
come in children with anxiety disorders (Hudson et al., 2013; Liber
et al., 2010) and in previous work we observed that cortisol re-
activity was specifically associated with depressive symptoms
(Dieleman et al., 2010), we will also explore the longitudinal as-
sociation of stress physiology with depressive symptoms.

2. Methods

2.1. Participants

This study included 152 children, aged 8–12 years, referred to
the outpatient clinic of the Department of Child and Adolescent
Psychiatry of Erasmus Medical Center in Rotterdam or the Uni-
versity Medical Center in Leiden, The Netherlands. These hospitals
serve as secondary or tertiary referral centers of South-West
Netherlands. Children had a primary diagnosis of separation an-
xiety disorder (n¼57), generalized anxiety disorder (n¼47), social
phobia (n¼29) or specific phobia (n¼19). All children were di-
agnosed with the Anxiety Disorders Interview Schedule for DSM-
IV (Silverman, 1996).

Exclusion criteria were: IQo85, poor command of the Dutch

language, serious somatic disease, autism spectrum disorder, se-
lective mutism, psychotic disorders, pharmacotherapy that could
interfere with HPA axis or ANS functioning.

Methylphenidate treatment in children with comorbid atten-
tion deficit hyperactivity disorder was discontinued the day before
physiological measurements (n¼7), because methylphenidate
treatment can increase heart rate and blood pressure (Ballard
et al., 1976). Children on medication for an anxiety disorder were
withdrawn from medication, if possible, or otherwise excluded.
For children with comorbid attention deficit hyperactivity dis-
order, the dosage of medication was kept constant during the
study as a constant dosage of medication for attention deficit hy-
peractivity disorder was considered unlikely to confound treat-
ment effects. The Committees for Medical Ethics of Erasmus
Medical Center and Leiden University Medical Center approved the
study.

2.2. Procedure

Parents and participants signed informed consent before par-
ticipation. Parents and children completed psychological ques-
tionnaires and a diagnostic interview before the physiological tests
at the pre-treatment baseline and at one-year follow-up.

Physiological assessments took place in the hospital between
12.00 h and 18.30 h, because variation of cortisol levels is least in
the afternoon (Wust et al., 2000). After an acclimatization period
of 45 min, the session began with a resting period of 10 min.
Subsequently, a mental arithmetic task and, after another resting
period of 10 min, a social competence interview were adminis-
tered. Saliva collection took place after resting period 1 (cortisol
during rest) and 20 min after the social competence interview
(cortisol following stress), because cortisol levels typically peak
20–30 min after stress. Fig. 1 presents the temporal sequence of
measures. Parents were asked to report general physical condition,
dietary pattern and medication use of their child. For more in-
formation on medication use, see Appendix 1.

2.3. Measures

The Anxiety Disorders Interview Schedule for Children DSM-IV
(ADIS-C) is a semi-structured interview to assess DSM-IV anxiety
disorders in 7- to 17-year-olds (Silverman et al., 2001). A trained
psychologist conducted the interview with the child and parents
separately at pre-treatment, post-treatment and one-year follow-
up. To obtain a diagnosis, both a count of DSM-IV symptom cri-
teria, as well as the level of impairment according to the parent,
child, and interviewer, were taken into account. The parent and
the child were asked to indicate on a 9-point scale (i.e., 0–8) to
what extent the symptoms interfered with the child's daily life.
Subsequently, the interviewer gave an interference rating (Clin-
ician Severity Rating (CSR)), on the same 9-point scale, for the
child and parent interview, separately. If the CSR was 4 or higher, a
diagnosis was assigned. The anxiety disorder with the highest CSR
was regarded as the primary anxiety disorder. Interviewers who
administered the ADIS-C at follow-up were blind to pre-treatment
diagnoses, disease trajectory, and physiological measures.

The Multidimensional Anxiety Scale for Children (MASC) is a 39-
item self-report questionnaire (March et al., 1997), administered at
pre-treatment, post-treatment and one-year follow-up, assessing
anxiety symptoms during the last two weeks in children and
adolescents. Items are scored from 0 to 3 (0¼never true, 1¼rarely
true, 2¼sometimes true, 3¼often true). The internal consistency
(.93) and one-month test-retest reliabilities (.81) of the Dutch
translation are good (Liber et al., 2008).

The Children's Depression Inventory (CDI) is an age-appropriate
27-item self-report questionnaire (Kovacs, 1992), administered at
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pre-treatment, post-treatment and one-year follow-up, assessing
depressive symptoms in the last two weeks in children and ado-
lescents. Items are scored from 0 to 2 (0¼never true, 1¼sometimes
true, 2¼always true). The Dutch translation showed good internal
consistency for the total score (.82) (Liber et al., 2008), 1-month test-
retest reliabilities (.72) are acceptable (Kovacs, 1981).

2.4. Treatment

All children participated in a standardized stepped-care CBT
program for childhood anxiety disorders, consisting of two phases
(van der Leeden et al., 2011). In the first phase, children were
treated with the FRIENDS program, an evidence-based treatment

Fig. 1. Procedure. Note. MAT¼mental arithmetic task, SCI¼social competence interview, Cort¼cortisol. Cort following stress: cortisol levels in response to stress typically
peak about 20–30 min following a stressor.

Fig. 2. Flowchart. Note. CBT¼cognitive behavioral therapy.
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program for anxiety disorders (Barrett et al., 2000), which en-
compassed 10 child sessions and 4 separate parent sessions. The
FRIENDS program comprised psychoeducation, relaxation and
breathing exercises, exposure, problem-solving skills training, so-
cial support training and cognitive restructuring exercises (Liber
et al., 2008; Shortt et al., 2001). Parent sessions comprised mainly
psychoeducation. All children that were not successfully treated in
the first phase, as determined by ADIS-C at three months follow-
up, received supplementary CBT. The second phase consisted of 10
manualized sessions, in which parents and child participated to-
gether in each session. See Fig. 2 for the study design. Conse-
quently, the change of symptoms predicted by the physiological
measures reflect both the variation in natural course of symptoms
and the effect of structured and standardized treatment all chil-
dren received.

The present study is an extension of the data collection de-
scribed by Liber et al. (2008) with an additional 25 children. Liber
et al. studied the effects of individual versus group CBT in children
up to 12 years of age, who attended primary school. The additional
25 children comprised 6 children who attended primary school
but could not be randomized, because they refused assignment to
group treatment (n¼2), were absent at the start of the group
(n¼1), or were treated at an affiliated outpatient clinic near to
home (n¼3). The other 19 children, aged 12�13 years, attended
the first grade of secondary school and received individual therapy
because of practical reasons (time schedules differed between the
different secondary schools). To summarize, all additional
25 children received individual treatment with the FRIENDS pro-
gram. The efficacy of group CBT did not differ from the efficacy of
individual CBT in children up to 12 years of age (Liber et al., 2008).

Adherence was carefully checked as part of the treatment in-
tegrity measures. All therapy sessions were videotaped; a random
selection of 30% of the tapes of individual sessions and all tapes of
the group sessions were checked for adherence. Twenty-two thera-
pists conducted the therapy sessions; seventeen were licensed psy-
chologists and 5 were psychologists in the last year of their training
who worked under close supervision of a licensed psychologist.
Therapists at each institute met weekly to discuss the treatment and
were supervised by two experienced licensed cognitive behavioral
therapists. See Liber et al. (2008) and van der Leeden et al. (2011) for
more detailed information on treatment adherence and integrity.

2.5. Stress tasks

The mental arithmetic task is a standardized laboratory stress
task to induce measurable physiological changes (Kirschbaum
et al., 1993). The mental arithmetic task lasted 4 min, during which
the child was asked to subtract numbers as quickly and accurately
as possible. If the child made a mistake or did not respond, he or
she was required to start all over again. Dependent on the child's
age, the child was asked to subtract 7 from 100 (o12 years), or 23
from 1021 (Z12 years), and to continue this subtraction till no
further subtraction was possible.

The social competence interview (Ewart and Kolodner, 1991) is
a standardized stress task that impacts ambulatory blood pressure
in adolescents (Ewart and Kolodner, 1993; Ewart et al., 1998). For
this study, we used a revised version of the social competence
interview, in which a stressful situation related to the primary
anxiety diagnosis was discussed in detail with the patient. In a
pilot study of the original social competence interview (n¼8),
most participants chose a topic unrelated to their anxiety disorder
suggesting avoidance. To elicit a more pronounced physiological
reaction the interview topic was adapted. During minutes 14–20 of
the social competence interview the participant was asked to
imagine, without speaking, that he or she was in that stressful
situation again and to re-experience the feelings and thoughts.

3. Physiological and hormonal measures

3.1. Cortisol assessment

Cortisol samples were assessed with solid-phase radio-
immunoassay (RIA, Diagnostic Products Corporation, Los Angeles;
n¼83) and Enzyme-Linked Immuno Sorbent Assay (ELISA, DRG-
kits, Marburg, Germany; n¼69) as the laboratory changed the
standard technique during data collection. To test for possible ef-
fects of measurement thirty-one cortisol samples were analyzed
by both RIA and ELISA. Correlation between both assays was high
(R¼ .99). The slope was not equal to 1, therefore the concentrations
in the DRG standards were adjusted by the laboratory to obtain
comparable results. Cortisol values above 3 SD of the mean were
excluded from the analysis to reduce the impact of outliers.

3.2. Autonomic measures

During the experiment, continuous measurements were made
of heart rate, respiration rate and skin conductance level (SCL) in
order to assess ANS activity. For technical specifics see Ewart and
Kolodner (1991).

3.3. Analysis of physiological data

A customised software program calculated the interbeat inter-
vals of the ECG using R-top detection, resulting in interbeat in-
terval time series during rest (minutes 7–10 of the first resting
period; a 3 min stationary period) and stress (minutes 17–20 of
the re-experiencing part of the social competence interview; a
period without speaking and regular breathing). Interbeat interval
time series were transformed to heart rate series. We conducted
spectral analysis of these intervals using discrete Fourier trans-
formation (van Steenis et al., 1994). For each time segment, we
calculated mean heart rate and high frequency heart rate varia-
bility (HRV; .14–.50 Hz), the last parameter as a proxy for the
parasympathetic component of autonomic cardiac control. Be-
cause HRV is strongly correlated with respiratory sinus arrhythmia
(Kamath and Fallen, 1993), respiratory frequency was monitored
and controlled for. Time segments with more spectral power for
respiration in the mid frequency band than in the high frequency
band were discarded from HRV analyses. This resulted in the re-
moval of 1 subject for the respective analyses. Mean SCL levels
were computed during rest and stress periods as parameters re-
flecting sympathetic ANS activity.

4. Data analysis

Measures of depressive symptoms, SCL, cortisol and HRV were
log-transformed to approach a normal distribution. Means of heart
rate, HRV and SCL were defined for two periods: minutes 7–10 of the
first resting period and minutes 17–20 of the re-experiencing part of
the social competence interview. Subsequently, stress reactivity in
heart rate, HRV and SCL were calculated by subtracting the rest value
from the value during the social competence interview. To char-
acterize cortisol reactivity to stress, we calculated a difference score
by subtracting cortisol levels during rest from cortisol levels collected
20 min after the social competence interview. Pearson correlation
coefficients between autonomic and cortisol measures during base-
line and social competence interview were calculated.

The focus of our analyses was on stress reactivity measures. To
investigate if reactivity measures of autonomic and HPA axis
functioning predicted anxiety symptoms at one-year follow-up,
linear regression analyses were conducted for reactivity measures
of SCL, HRV, heart rate and cortisol levels, separately. Anxiety
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symptoms at one-year follow-up were entered as dependent
variable. To control for possible effects of age, gender, pre-treat-
ment anxiety symptoms and depressive symptoms at one-year
follow-up, all were entered to the first model as independent
variables. Subsequently, reactivity measures of SCL, HRV, heart rate
and cortisol in response to the social competence interview were
additionally entered in the second block as independent variables,
all controlled for their respective rest measures. Second, these
analyses were repeated separately for rest measures of SCL, HRV,
heart rate and cortisol.

Finally, the analyses described above for anxiety symptoms at
one-year follow-up were repeated with depressive symptoms at
one-year follow-up as the outcome measure. These analyses were
controlled for possible effects of pre-treatment depressive symp-
toms and anxiety symptoms at one-year follow-up.

Effect sizes are reported as R squared, with.01 defined as a small
effect size, .09 as a medium effect size and .25 as a large effect size
(Cohen, 1988). A post hoc power calculation was performed to
compute the achieved power given the final sample size and effect
size. The achieved power was .71, based on an α-error probability of
.05. All statistical analyses were performed with SPSS 21.0.

5. Results

5.1. Sample characteristics

Group characteristics, diagnoses and comorbidity at pre-treat-
ment and at one-year follow-up are presented in Table 1. Thirty-
seven percent had a primary diagnosis of separation anxiety dis-
order, 30.5% a primary diagnosis of generalized anxiety disorder,
18.8% a primary diagnosis of social phobia and 12.3% a primary

diagnosis of specific phobia. Comorbidity rates at pre-treatment
were high; 55.3% had a single clinical anxiety disorder only, 30.9%
had two clinical anxiety disorders, 11.8% had three clinical anxiety
disorders, and 2.0% had four clinical anxiety disorders (Dieleman
et al., 2015). A paired samples T-test showed that anxiety and
depressive symptoms measured at one year follow-up were, on
average, lower than at pre-treatment (respectively T¼12.81,
po .001; T¼12.8, po .001). After treatment, 75% of the sample
recovered from their anxiety disorder under standardized CBT
treatment. The prevalence of comorbid behavioral and mood dis-
orders was reduced by approximately 50% at one-year follow-up.

5.2. Descriptives

During the social competence interview, we observed a sig-
nificant increase in SCL as compared to rest levels (mean
difference¼ .13, standard deviation¼ .11, paired samples T-test:
T¼12.41, po .001). Mean (SD) levels and Pearson correlation
coefficients of autonomic and cortisol measures are presented in
Table 2. Pearson correlation coefficients showed that all measures
during rest were significantly correlated with the equivalent
measures during the social competence interview. There were no
significant relations between SCL, HRV, heart rate and cortisol
measures during rest and anxiety symptoms or depressive
symptoms at one-year follow-up.

5.3. Longitudinal association of stress physiology with anxiety
symptoms at one-year follow-up

The results of the regression analyses for reactivity measures
and anxiety symptoms at one-year follow-up are presented in
Table 3. As shown, SCL reactivity to stress was positively associated
with change of anxiety symptoms at one-year follow-up. The ef-
fect size was small to medium with a R2 change of .06. In other
words, higher SCL reactivity was associated with less decrease in
anxiety symptoms at one-year follow-up. To check that our sig-
nificant results were not due to medication effects, we did a sec-
ondary analysis controlled for medication use. The effect size and
p-value were comparable (R2 change¼ .07, p¼ .008, N¼91), which
indicated that our findings were not influenced by the use of
medication.

5.4. Longitudinal association of stress physiology with depressive
symptoms at one-year follow-up

The association of reactivity measures with depressive symp-
toms at one-year follow-up is presented in Table 4. As shown,
there was a weak negative association of cortisol reactivity to
stress with change of depressive symptoms at one-year follow-up.
The effect size was small with a R2 change of.03. In other words,
lower cortisol reactivity was associated with less decrease in de-
pressive symptoms at one-year follow-up. To check that our sig-
nificant results were not due to medication effects, we did a sec-
ondary analysis controlled for medication use. The effect size and
p-value were comparable (R2 change¼ .03, p¼ .063, N¼96), which
indicated that our findings were not influenced by the use of
medication.

6. Discussion

6.1. Principal findings

This clinical study of pediatric anxiety disorders showed that
children with higher pre-treatment SCL reactivity to stress, as a
proxy of sympathetic reactivity, responded less to treatment. Their

Table 1
Sample characteristics.

Measures At baseline At one year follow Up
Mean (SD) Mean (SD)
N¼152 N¼143

Age 10.2 (1.54) –

Gender 53.3% boys, 46.7% girls –

Anxiety symptomsnnn 51.37 (17.72) 27.57 (15.36)
Depressive symptomsnnn 9.61 (7.04) 3.43 (4.72)
Loss to follow-up – 9 (5.9)
Anxiety disorders ADIS-C At baseline At one year follow Up

Count (% of total
sample)

Count (% of total
sample)

No anxiety diagnosis – 114 (75.0)
Gad 75 (49.3) 14 (9.2)
SoPh 49 (32.2) 9 (5.9)
SAD 46 (30.3) 13 (8.6)
SpPh 48 (31.6) 14 (9.2)
Comorbid disorders
ADIS-C

At baseline At one year follow Up
Count (% of total
sample)

Count (% of total
sample)

PD – 1 (.7)
OCD – 1 (.7)
PTSD – –

ADHD 15 (9.7) 7 (4.6)
Odd 10 (6.5) 3 (2.0)
CD 3 (1.9) –

DD 2 (1.3) 4 (2.7)
DysD 8 (5.2) 1 (.7)

SD¼standard deviation, ADIS-C¼Anxiety Disorders Interview Schedule for DSM-
IV, GAD¼generalized anxiety disorder, SoPh¼social phobia, SAD¼separation an-
xiety disorder, SpPh¼specific phobia, PD¼panic disorder, OCD¼obsessive com-
pulsive disorder, PTSD¼posttraumatic stress disorder, ADHD¼attention deficit
hyperkinetic disorder, ODD¼oppositional defiant disorder, CD¼conduct disorder,
DD¼depressive disorder, DysD¼dysthymic disorder, n¼po .05, nn¼po .01,

nnn po .001.

G.C. Dieleman et al. / Journal of Affective Disorders 196 (2016) 190–199194



Author's personal copy

anxiety symptoms decreased less over a one-year period as com-
pared to children with a lower pre-treatment SCL reactivity. Fur-
thermore, children with lower pre-treatment cortisol reactivity
showed less decrease of depressive symptoms.

6.2. Autonomic nervous system

To our knowledge, this is the first longitudinal study that uses
ANS functioning as a predictor of treatment outcome in children

with an anxiety disorder. Heightened activity of the sympathetic
nervous system is associated with anxiety disorders in children
(Dieleman et al., 2015; Kossowsky et al., 2012; Schmitz et al.,
2011). Our study showed that higher sympathetic reactivity in
response to a stressor predicted less improvement in anxiety
symptoms one year later. The autonomic nervous system regulates
critical life functions on a moment-to-moment basis through its
sympathetic and parasympathetic branches. To be able to respond
to a threatening situation, the body prepares itself for fight or

Table 2
Pre-treatment descriptives of the autonomic and cortisol parameters during rest and stress, for the whole group.

Parameters Cortisol
during rest̂

Cortisol fol-
lowing stresŝ

Skin conductance
level during rest̂

Skin conductance
level during stresŝ

Heart rate
variability dur-
ing rest̂

Heart rate
variability dur-
ing stresŝ

Heart rate
during rest
(bpm)

Heart rate
during stress
(bpm)

Mean (SD)

(nmol/l) (nmol/l) (μS) (μS) (ms2) (ms2)

Cortisol during rest̂ 1 .73nn � .06 � .12 .12 .14 .05 .14
.76 nmol/l (.25)
Cortisol following
stresŝ

1 � .24nn � .28nn .09 .10 .03 .06

.71 nmol/l (.23)
Skin conductance le-
vel during rest̂

1 .92nn � .10 � .07 .20n .24nn

.57 μS (.28)
Skin conductance le-
vel during stresŝ

1 � .11 � .10 .16 .25nn

.71 μS (.28)
HF heart rate varia-
bility during rest̂

1 .64nn � .41nn � .31nn

3.40 ms2(.41)
HF heart rate varia-
bility during stresŝ

1 � .45nn � .44nn

3.45 ms2 (.32)
Heart rate during rest
81.0 bpm (11.0)

1 .92nn

Heart rate during
stress

1

80.0 bpm (10.5)

^ Log transformed, significant correlations are indicated with: n¼po .05, nn¼po .01.

Table 3
Longitudinal association of pre-treatment autonomic and cortisol measures with anxiety symptoms at one-year follow-up.

Variable B Anxiety symptoms at 1 year follow-up p for change in R2

N¼107�

SE B Beta T R2 change F for change in R2

Age .3 .9 .03 .3

.17

6.0nnn .000
Gender 4.0 2.7 .13 1.5
Anxiety symptoms pretreatment .13 .08 .15 1.6
Depressive symptoms at 1 year follow-up̂ 13.2 3.5 .3 3.8nnn

Reactivity measures

Cortisol difference adĵ (nmol/l) 7.2 9.5 .09 .8 .01 .6 .45
Skin conductance level (μS) difference adĵ (μS) 33.1 12.3 .26 2.7 .06 7.3nn .008
HF heart rate variability difference adj ^ (ms2) 2.3 5.3 .05 .4 .00 .2 .66
Heart rate difference adj (bpm) � .05 .34 � .01 � .14 .00 .02 .89

HF¼high frequency, ^ log transformed, difference¼test-rest measure, adj¼analysis is adjusted for rest measure. R2 change¼explained variance for adding this step,
�¼number of patients available for cortisol difference analysis (for skin conductance level difference analysis N¼100, for HF Heart rate variability difference N¼105, for
heart rate difference analysis N¼105), #¼po .1, n¼po .05, nn¼po .01, nnn¼po .001.

G.C. Dieleman et al. / Journal of Affective Disorders 196 (2016) 190–199 195



Author's personal copy

flight. This autonomic activation leads to an increase in heart rate,
blood pressure, sweat gland activity, and respiration. Subjectively,
the individual feels tense and flushed, has palpitations, shortness
of breath and increased perspiration. We carefully speculate that
anxiety disordered children with a higher reactivity of the sym-
pathetic nervous system, also experience more physiological and
subjective arousal in response to daily fear or stress. As a con-
sequence, higher sympathetic reactivity may influence the natural
course of anxiety disorders or the efficacy of standardized CBT.

Our study failed to show a longitudinal association of the
parasympathetic function of the ANS (HRV) with anxiety or de-
pressive symptoms one year later. Although ANS functioning, with
a primary focus on parasympathetic functioning, has been re-
peatedly studied as a predictor of outcome in adult studies, results
are inconsistent (Alpers and Sell, 2008; Bornas et al., 2007; Davies
et al., 2015). Studies that have investigated the cross-sectional
association between parasympathetic functioning and childhood
anxiety disorders have been inconsistent as well (Dieleman et al.,
2015; Kossowsky et al., 2012; Kristensen et al., 2014; Schmitz et al.,
2011).

6.3. HPA-axis

A less responsive HPA-axis to stress predicted less decrease in
depressive symptoms one year later. However, the effect size was
small. Only a few studies investigated HPA-axis reactivity in re-
sponse to a psychological stressor in depressed children in com-
parison with healthy controls (Hankin et al., 2010; Luby et al.,
2003; Suzuki et al., 2013). Compared to non-depressed peers,
depressed preschoolers show a blunted reactivity (Luby et al.,
2003; Suzuki et al., 2013), but higher peak cortisol levels to a
psychosocial stressor (Luby et al., 2003). The pattern of blunted
reactivity to mild stressors remained at 24-month follow-up in
children with a history of major depressive disorder (Suzuki et al.,
2013). Also, prepubertal dysphoric children exhibit cortisol hy-
poreactivity to a psychosocial challenge task (Hankin et al., 2010).

Glucocorticoids can act both to augment and suppress

sympathetically mediated changes in cardiovascular function,
metabolism, and immune function. Normally, activation of these
stress systems leads to behavioral and physical adaptive changes
that improve an organism's ability to survive (Sapolsky, 2002).
Possibly, anxiety disordered children with a less responsive HPA-
axis to stress might be more susceptible to persistence of de-
pressive symptoms, because a less adaptive HPA-axis leads to
more difficulties in mobilizing energy resources to sufficiently
cope with stress (Hankin et al., 2010). This might underlie the
impaired effects of treatment strategies and, as a result, persis-
tence of depressive symptoms.

Lower cortisol reactivity to stress has been consistently re-
ported in depressive disorders across the age span (Burke et al.,
2005; Harkness et al., 2011; Lopez-Duran et al., 2009; Suzuki et al.,
2013). The mechanism underlying lower cortisol reactivity may
reflect down-regulation of the HPA axis, because chronic stress
repeatedly over-activates and eventually impairs the HPA axis
(Gunnar and Vazquez, 2001; Herman et al., 2005; Juster et al.,
2010; Suzuki et al., 2013). Our results are in line with such a ha-
bituation of the stress system. Thus, an alternative explanation is
that this low HPA-axis reactivity signals a vulnerability of a sub-
group of children with anxiety disorders.

6.4. Strengths and limitations

The strengths of our study include the large clinical cohort of
pediatric anxiety disorders, the prospective design and the stan-
dardized treatment approach. Yet, some important limitations
need to be addressed. First, results from our sample cannot be
directly extrapolated to other clinical samples with different dis-
tributions of age, primary diagnoses, and comorbidity rates. Co-
morbidity rates and the distribution of primary anxiety diagnoses
in this sample will exert its effects on the functioning of both
stress systems. Nonetheless, selecting samples without co-
morbidity does not represent the reality of most clinical settings
(Dieleman et al., 2015). Further research is needed to corroborate
our findings in other clinical samples of anxiety disordered

Table 4
Longitudinal association of pre-treatment autonomic and cortisol measures with depressive symptoms at one-year follow-up.

Variable B Depressive symptoms at 1 year follow-up

N¼105�

SE B Beta T R2 change F for change in R2 p for change in R2

Age � .01 .02 � .05 � .6

.24

9.3nnn .000
Gender � .04 .06 � .05 � .6
Depressive symptoms pretreatment .4 .1 .36 4.4nnn

Anxiety symptoms at 1 year follow-up̂ .01 .00 .3 3.8nnn

Reactivity measures

Cortisol difference adĵ (nmol/l) � .4 .2 � .2 �1.9 .03 3.7 .058#

Skin conductance level (μS) difference adĵ (μS) .3 .3 .1 1.8 .01 .95 .33
HF heart rate variability difference adj ^ (ms2) .04 .13 .04 .3 .00 .09 .77
Heart rate difference adj (ms) .01 .01 .09 .94 .01 .88 .35

HF¼high frequency, ^ log transformed, difference¼test-rest measure, adj¼analysis is adjusted for rest measure. R2 change¼explained variance for adding this step,�¼
number of patients available for cortisol difference analysis (for skin conductance level difference analysis N¼100, for HF Heart rate variability difference N¼105, for heart
rate difference analysis N¼105), #po .1, n¼po .05, nn¼po .01, nnn¼po .001.
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children. Second, several epidemiological studies have demon-
strated that perceived family support is a protective factor for the
development of affective symptoms in children and adolescents
(Klasen et al., 2015). In the present study, we did not control for
the effect of perceived family support. However, a recent study by
Jongerden et al. (2015) showed that most family and parenting
variables do not predict referral in a non-referred sample of an-
xious children. Only child reported parental autonomy granting
increased the odds of referral, while child reported overprotection
decreased the odds of referral. Further, data on Tanner stage are
lacking, but variation in developmental status is minimized
through the inclusion of only children below 13 years.

In the present study, we used only self-reported anxiety and
depressive symptoms. However, although the outcome parameters
were assessed with self-report measures, all predictors were ob-
jective biological measures, hence there is no risk of shared
method variance bias.

Another aspect is that the stress task did not elicit a significant
increase in mean cortisol compared to baseline, or significant al-
terations in mean heart rate and HRV, although we observed a
significant increase in SCL as compared to rest levels, which
showed that the social competence interview is capable of eliciting
an autonomic stress response. A possible explanation might be
that coming into the laboratory itself may have served as a sig-
nificant stressor for some of these anxiety disordered children,

suggestive of anticipatory anxiety, with already high cortisol levels
after the first resting period. To address this phenomenon, all re-
activity values were corrected for their corresponding values
during rest.

Despite these limitations, the present findings may have sev-
eral implications for further research and clinical practice. If re-
plicated, our results suggest that pre-treatment HPA and ANS re-
activity to stress are candidate predictors of a lack of symptom
improvement in children with a clinical anxiety disorder. Given
the small to medium effect sizes of HPA and ANS reactivity to
stress as predictors of anxiety and depressive symptom improve-
ment in this study, we emphasize the importance of combining
multiple predictors, such as clinical and demographic factors,
polygenic risk scores, and neuroimaging measures, to enhance the
predictive power. In conclusion, our study shows that pre-treat-
ment HPA and ANS reactivity to stress are longitudinally asso-
ciated with a change in anxiety and depressive symptoms at one-
year follow-up in a clinical sample of pediatric anxiety disorders.

Appendix A

See Figs. A1 and A2.

Fig. A1. Medication use during last two months.
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