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Abstract Reports of exaggerated anxiety and physiological
hyperreactivity to social-evaluative situations are character-
istic of childhood social phobia (SP). However, laboratory
research on subjective, autonomic and endocrine function-
ing in childhood SP is scarce, inconsistent and limited by
small sample sizes, limited breadth of measurements, and
the use of non-standardized stressor tasks. We exposed 8—
12-year-old children with DSM-IV SP (n=41) and matched
healthy control children (HC; n=40) to the Trier Social
Stress Test for Children (TSST-C) while measuring subjec-
tive anxiety, heart rate (HR) and salivary alpha-amylase
(sAA) as well as salivary cortisol. The SP children showed
heightened reactivity to the TSST-C on subjective anxiety
compared to the HC children but not a heightened reactivity
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in HR, sAA or cortisol. However, the SP children showed
chronically elevated HR levels throughout the whole
laboratory session. Whereas subjective anxiety seems to
respond specifically to social-evaluative stress in childhood
SP. HR levels may be chronically elevated suggesting a
more generalized autonomic hyperreactivity.

Keywords Social phobia - Children - Social stress -
Physiological reactivity- Heart rate - Cortisol

Introduction

Social phobia (SP) is one of the most common mental
disorders in adults, adolescents and children with lifetime
prevalence rates of up to 12,1% (Ruscio et al. 2008). In the
Diagnostic Statistical Manual of Mental Disorders (DSM-
IV; American Psychiatric Association [APA], 1994), SP is
defined as an excessive, irrational fear of social or
performance situations due to the expectation that others
will scrutinize the person’s actions. The average age of
onset for SP is early to mid-adolescence but SP occurs in
children as young as 8 years (Beidel et al. 1999). SP shows
high comorbidity rates, is associated with a significant
impairment of social functioning and often follows a
chronic course (Kessler 2003; Schneier et al. 1992).
Because of its early onset, SP can lead to an impaired
social and emotional development (Beidel et al. 1999).
However, there is still limited literature about the psycho-
pathology of SP in children (Beidel et al. 1999; Rao et al.
2007; Spence et al. 1999). It remains unclear whether the
results from adult and adolescent research apply to children
whose biological, cognitive and emotional systems still
underlie developmental processes (Ollendick and Hirshfeld-
Becker 2002; Rao et al. 2007). A better understanding of
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the causes and correlates of childhood SP is essential to
develop and improve treatment for affected children.

Physiological anxiety symptoms in current nosology
and models of SP

In current conceptualizations of SP in adulthood, physio-
logical arousal plays an important role. Panic-like symp-
toms with various physiological arousal symptoms are part
of the DSM-IV diagnosis of SP. Physiological hyperarousal
symptoms also figure prominently in cognitive models of
SP (e.g. Clark and Wells 1995; Rapee and Heimberg 1997),
which identify the attention to, and misinterpretation of
internal physiological arousal as one key factor in the
maintenance of the disorder These models propose that
individuals with SP infer from physiological sensations
how they appear to others: when socially phobic individ-
uals perceive anxiety symptoms such as blushing, sweating
or an elevated heart rate, they will become more anxious
because others might see evidence of their nervousness. An
interesting question here is whether individuals with SP are
really abnormally aroused or if their strongly perceived
arousal is merely an effect of excessive self-focused
attention. If the latter is true, heightened physiological
arousal may not be a necessary condition for the manifes-
tation of pathological social anxiety.

Symptom provocation and the multiple response levels
of anxiety

To investigate if individuals with SP actually do show
heightened physiological arousal in social situations, a first
step in experimental psychopathology has frequently been
symptom provocation—the elicitation of symptoms under
controlled laboratory conditions. In addition to self-report
measures, which measure the experience of anxiety, stress
and anxiety can be assessed at many different response
levels.

In the context of social-evaluative stress and anxiety two
physiological response systems have been studied inten-
sively: The hypothalamus-pituary-adrenal (HPA) system
and the autonomic nervous system (ANS). In stress
situations, the hypothalamic production of corticotropin-
releasing hormone (CRF) rises, which stimulates the
pituary release of adrenocorticotropin hormone (ACTH)
and, as a consequence, cortisol is secreted into the
bloodstream by the adrenal cortex (Axelrod and Reisine
1984). Cortisol can be assessed in the saliva and is therefore
a popular non-invasive index of HPA-axis activity. The
ANS consists of a sympathetic and a parasympathetic
branch and allows for fast adaptations of a large number
effector organs. One of the most common indicators of
ANS activity is heart rate, reflecting the joint influences of
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both ANS branches (Berntson et al. 1994). However, the
ANS also innervates the salivary glands and it has been
found that the salivary enzyme Alpha-Amylase (sAA)
reflects mainly sympathetic ANS activity (Nater and
Rohleder 2009; Nater et al. 2005). Thus, the parallel
assessment of HR, sAA, and cortisol together with
subjective anxiety should adequately reflect the two major
physiological systems implicated in the human response to
social stress.

Research on social-evaluative stress in adults, adolescents,
and children with SP

Previous research in adults and adolescents with SP has
provided an inconsistent pattern of results regarding the
question of whether social anxiety might be characterized
by elevated subjective, autonomic and endocrine reactivity
to social-evaluative stress. According to some studies, SP
individuals exposed to a social-evaluative task respond with
increased subjective anxiety and an increased HR response
(Hofmann et al. 1995) as well as with elevated cortisol
reactivity (Roelofs et al. 2009). Other studies, while
replicating increased subjective anxiety in socially phobic
or highly socially anxious individuals relative to controls,
did not find differential cortisol or cardiovascular reactivity
(Anderson and Hope 2009; Beaton et al. 2006; Grossman et
al. 2001; Heiser et al. 2009; Mauss et al. 2003). The only
study that investigated sAA in adults with SP and controls
found elevated sAA levels in SP individuals, both in non-
stressed conditions during the day and after a low dose
(0.5 mg) of dexamethasone. The authors conclude that
these results suggest a hyperactivity of the sympathetic
branch of ANS during basal, non-stimulated conditions in
individuals with SP (van Veen et al. 2008).

Only a small number of studies has examined subjective
and physiological reactivity to social stress in children with
SP. Beidel (1991) found increased subjective anxiety
reactivity to a read-aloud task in SP children compared to
healthy controls (HC) but no differences in HR. Regarding
cortisol reactivity, van West et al. (2008) examined 25
children with SP between 6 and 12 years of age and 25
control children during an adapted version of the Trier
Social Stress Test (TSST; Kirschbaum et al. 1993), consist-
ing of a 5-minute speech in front of an audience. The
authors found higher anxiety levels as well as an elevated
salivary cortisol response to the task in children with SP
compared to HC. No autonomic measures were assessed.

The present study
In sum, it remains unclear if SP is characterized by

autonomic and endocrine hyperreactivity to stress or
whether its core symptomatology is to be found at the
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cognitive-experiential level. The studies reviewed above
vary in statistical power, sample characteristics, breadth of
measurements and stressor tasks, which precludes firm
conclusions. In an attempt to address some of the
limitations of previous studies, we conducted a well-
powered, multi-measure study of SP children and matched
controls, who we exposed to a widely used and standard-
ized social stressor, the TSST for Children (TSST-C; Buske-
Kirschbaum et al. 1997). The TSST-C includes two social-
evaluative tasks (finishing a story and serial subtraction) to
be completed in front of two unknown observers.

Our goal was to determine if SP children differ from HC
children not only in terms of subjective anxiety but also on
autonomic and endocrine stress measures. We expected
elevated subjective anxiety in SP children (Beidel 1991;
van West et al. 2008). No predictions were made for
autonomic responses (HR, sAA) due to the heterogeneity of
previous findings. Endocrine (salivary cortisol) responses
were expected to be higher in children with SP compared to
HC children (van West et al. 2008).

Method
Participants

The present study was part of a two-site research project
consisting of a three-session study series on subjective,
autonomic, and endocrine functioning of children with SP.
Comparability across centers was achieved by using
identical hard- and software for data acquisition and
analysis, as well as identical tasks and interviews (assured
through the exchange of videotaped sessions). The study
was approved by the ethics committee of the German
Society of Psychology. The current sample consisted of 41
children aged 8 to 12 years who met a primary DSM-IV
diagnosis of SP, and 40 HC children, matched by age and
gender, who did not meet diagnostic criteria for any lifetime
Axis I disorder.' All children were Caucasian.

The SP and HC children were recruited through
advertisements in local newspapers as well as psychological
and medical treatment facilities for children. The children
were offered vouchers worth €25 (approximately US$33) in
exchange for participation. Parents (who completed a
structured interview and several questionnaires) received a
reimbursement of €25.

At each study site, the Diagnostic Interview for Mental
Disorders for Children (Kinder-DIPS; Schneider et al.
2009) was used to determine if the children met criteria
for SP and if comorbid diagnoses were existent. The

! The current sample is a sub-sample of the whole sample (n=130) for
which endocrine data were available.

Kinder-DIPS was administered by a doctoral student and
an advanced graduate clinical psychology student who had
been specifically trained in the administration of this
interview.

Children with social phobia were excluded if SP was not
the primary diagnosis or if they had a co-morbid DSM-IV
diagnosis of major depression, dysthymia or autism. In the SP
group, 15 (36.6%) of the 41 children fulfilled the DSM-IV
criteria of a secondary disorder. The following co-morbid
conditions were diagnosed: attention deficit hyperactivity
disorder (n=5), specific phobia (n=6), oppositional-defiant
disorder (n=1), obsessive-compulsive disorder (n=1), and
enuresis (n=2). Exclusion criteria for all children included
medical conditions that might affect the investigated phys-
iological systems (e.g. asthma). If there was a use of
medication that could alter physiological responses (e.g.
methylphenidate), children were excluded from physiologi-
cal analyses. Children were asked to refrain from eating and
drinking (except water) for at least 30 min before the
beginning of the laboratory session since food in saliva is
known to alter cortisol values. After the diagnostic interview,
children and parents filled out several questionnaires on
demographics and psychopathology.

Procedure

Following the diagnostic interview session, a second
laboratory session was scheduled. To hold circadian
influences on the measures constant all laboratory sessions
took place between 3 and 5 pm.

After arrival at the laboratory, parents left the laboratory
and children could adapt to the experimental situation for
15 min before being seated in a comfortable armchair in a
sound attenuated, temperature controlled room. Ten minutes
after the electrode hook-up the 5-min baseline period
began, so overall children had a 30-min acclimatization
phase. Figure 1 illustrates the procedure and the timing of
measurements. The baseline was followed by a 15-min
preparation phase which included listening to the begin-
ning of a story, preparing the continuation of the story and
completing ratings. Then, 50 min after the beginning of the
laboratory session, the speech element of the TSST-C
commenced with the instructions for the child to continue
telling the story for 5 min in front of a committee and a
video camera “as exciting as possible” and to “perform
better than other children their age”. Subsequently the two
unknown observers came in, the experimenter left the room
and the 5 min speech began. Whenever children stopped
talking, one of the observers prompted them to continue
(“There is time left, please continue telling the story”) while
maintaining a neutral facial expression. At the end of the
speech task (termed T7SST-C speech) the experimenter
returned for the S5-min mental arithmetic task (termed
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Fig. 1 Phases of the TSST-C
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TSST-C math). Children were instructed to serially subtract
the number 7 from 758 (for children 9 through 11 years) or
the number 13 from 1023 (12 years) as fast and as
accurately as possible. Because the original TSST-C does
not include a mental arithmetic task for 8-year-old children,
we added the task “98—3” for subjects aged 8. Slightly
deviating from the original TSST-C-protocol and in order to
equate groups on error feedback due to potential differences
in math ability, four standardized error feedbacks were
given every minute irrespective of actual mistakes (“Stop,
there was an error in your last few steps, please start over
again”). The TSST-C was followed by three 10-min resting
periods (termed recovery I, recovery 2 and recovery 3) in
which children watched pictures of landscapes on the
computer. After this, electrodes were removed and the
children were debriefed.

Psychometric measures

The Kinder-DIPS (Schneider et al. 2009) is a modified and
extended version of the Anxiety Disorders Interview
Schedule for children (ADIS-C; Silverman and Nelles
1988). It is a well-validated structured psychiatric interview
which classifies frequent mental disorders in children and
adolescents from 6 to 18 years according to the DSM-IV. It
consists of two separate interviews for child and parent. To
make a final DSM-IV diagnosis, symptom criteria as well
as impairment ratings according to the parent, the child and
to both interviewers are taken into account. This interview
shows good reliability and validity (Schneider et al. 1995).

The Social Phobia and Anxiety Inventory for Children
(SPAI-C; Beidel et al. 1995) is a self-report questionnaire,
which is widely used to assess social anxiety in childhood.
It consists of 26 items measuring different physical,
cognitive and avoidant symptoms of social anxiety accord-
ing to the criteria of the DSM-IV (APA, 1994). A total score
between 0 and 52 is calculated. The German SPAI-C
(Melfsen et al. 2001) has high internal consistency (a=
0.95) and high test-retest reliability (»=0.84). The SPAI-C
discriminates well between socially and non-socially
phobic individuals with a cut-off score at 18.

The Child Depression Inventory (CDI) (Kovacs 1985)
consists of 26 items and assesses the cognitive, affective,
and behavioral symptoms of depression in childhood. Total
scores range from 0 to 52. The German CDI (Stiensmeier-
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Pelster et al. 2000) demonstrated good internal consistency
(a=0.84) and satisfying test-retest reliability (#=0.76) and
distinguishes children with major depression from non-
depressed children with a recommended cut-off score at 18.

During the same session, parents completed several
questionnaires. For the present study, we report data from
the German version of the Child Behavior Checklist (CBCL;
Achenbach 1991). The CBCL completed by the parents
consists of 113 items and two broad scales, representing
externalizing behavior problems and internalizing behavior
problems. This questionnaire is widely used to assess early
social adjustment and has adequate reliability and validity.

All questionnaires showed good internal consistencies in
the present sample («=0.85 through a=0.96).

Subjective anxiety

Children rated their anxiety at seven time points during the
experimental procedure (see also Fig. 1) using develop-
mentally appropriate 11-point Likert scales taken out of the
Scales for Iconic Self-Assessment of Anxiety in Children
(ISAAC; Schneider et al. 2005). Retrospective anxiety
ratings were obtained after baseline, preparation, TSST-C
speech and TSST-C math, recovery 1, recovery 2, recovery
3, each referring to the maximum anxiety in the last period.

Heart rate

From an Einthoven lead 1 setup, the electrocardiogram (ECG)
was sampled at 400 Hz, streamed to disk and displayed on a
PC monitor using the Varioport system (Becker Meditec,
Karlsruhe, Germany). Data inspection and artefact rejection
was performed offline using ANSLAB (Wilhelm and Peyk
2005). For the ECG, cardiac interbeat interval (IBI),
calculated as the interval in milliseconds between successive
R-waves, was extracted. The mean IBI was obtained for each
of the seven experimental phases. For illustrative purposes
the IBI was converted to HR (in beats per minute [bpm]) for
tables and figures but all statistical analyses where based on
IBI values (Quigley and Berntson 1996).

Salivary biomarkers: SAA and cortisol

A total of five saliva samples were obtained during the
laboratory session to analyze salivary cortisol and sAA
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concentrations. As can be seen from Fig. 1, saliva samples
were collected together with the anxiety ratings (Anx),
however, not after Anx2 and Anx3. Due to slow response,
salivary cortisol increases can be observed only 15-20 min
after the start of an effective stressor (Kirschbaum and
Hellhammer 1994). Saliva samples were obtained by
having children chew on a Salivette (SarstedtNumbrecht,
Germany) for 1 min. Then Salivette collection devices were
stored at —20°C until assayed. At two time points during
data acquisition every study site sent the saliva samples
collected until then to the laboratory of Professor Kirsch-
baum at the Technical University of Dresden, Germany,
where the samples were analyzed collectively. For sAA
analyses a quantitative enzyme kinetic method was used as
described in detail elsewhere (van Stegeren et al. 2006).
Salivary cortisol levels were measured by use of commer-
cial immunoassay with chemiluminescence detection (IBL-
Hamburg, Hamburg, Germany). Intra- and inter-assay
precision expressed as percent coefficient of variation was
below 10% for both cortisol and sAA assay.

Statistical analyses

Outliers (z-score>+—3 based on group mean) and missing
values were excluded from the respective analyses, leading to
varying degrees of freedom for the dependent variables.”

Separate mixed ANOVAs with the repeated measures
factor Phase (baseline, preparation, TSST-C speech, TSST-C
math, recovery 1, recovery 2, recovery 3 for anxiety and
HR; baseline, TSST-C, recovery 1, recovery 2, recovery 3
for cortisol and sAA) and the between participants factor
Group (HC, SP) were calculated for each of the four
primary measures (anxiety ratings, HR, salivary cortisol,
sAA). Significant Group X Phase interactions were decom-
posed using separate Repeated Measures ANOVAs for
reactivity (increase from baseline to first stress task:
baseline, preparation, TSST-C speech) and recovery (second
stress task to post-experimental baseline: TSST-C math,
recovery 1, recovery 2, recovery 3) as suggested by
previous research (e.g., Kamarck and Lovallo 2003; Linden
et al. 2003; Seeman and Robbins 1994). Independent
sample t-tests were used to decompose Group effects. As
effect-size measures partial n? was reported for ANOVA
results and Cohen’s d for t-tests. The significance level for
all analyses was set at «=0.05. All statistical tests were
performed two-tailed and dfs were Greenhouse-Geisser-
adjusted. For reasons of brevity, Phase effects were only
reported when interacting with Group.

2 Including outliers into statistical analyses did not change the results.
Outliers: HR: 1 participant (HC), salivary cortisol: 3 participants (SP),
sAA: 3 participants (1 SP, 2 HC); Missing values due to artefacts or
technical errors: HR: 3 participants (2 SB, 1 HC), salivary cortisol: 1
participants (SP), sAA: 4 participants (1 SP, 3 HC).

Results
Participant characteristics

Table 1 shows demographic and psychometric measures for
the two groups. The groups did not differ in terms of
gender, age, and school level and there was no difference
between the two sites in participant demographics (all ps>
0.418). In accordance with the diagnostic categorization,
the SP children had significantly higher scores on all
symptom measures compared with the HC children. The
mean SPAI-C score in the SP group was above the clinical
cut-off score of 18.

Anxiety ratings

Figure 2a shows the mean absolute levels of subjective
anxiety ratings for both groups in each experimental phase. To
investigate differences between the two groups on subjective
anxiety, an omnibus 2% 7 Group (SB, HC) X Phase (baseline,
preparation, TSST-C speech, TSST-C math, recovery 1-3)
ANOVA was computed. Significant main effects for Phase,
F(6,474)=133.9, p<0.001, 1>=0.629, and Group, F(1,79)=
49.0, p<0.001, »*=0.383, were modulated by a Phase X
Group interaction, F(6,474)=9.28, p<0.001, 7n°=0.105.
Following up on this interaction we computed separate
ANOWAs for reactivity and recovery. The 2x3 Group (SP,
HC) X Phase (baseline, preparation, TSST-C speech)
reactivity ANOVA revealed a main effect for Group,
F(1,79)=54.2, p<0.001, n°=0.407, and a Group X Phase
interaction, F(2,158)=7.70, p=0.001, ?=0.089 (linear trend,
p<0.001, 7*=0.121), indicating a steeper linear anxiety
increase in the SP group, compared to HC. The 2 x4 Group
(SB HC) X Phase (TSST-C math, recoveryl-3) recovery
ANOWA yielded a main effect for Group, F(1,79)=29.4, p<
0.001, 7?=0.271, and a Group X Phase interaction, F(3,237)=
5.74, p=0.009, ?=0.068, illustrating a faster linear decline in
the SP group (linear trend, p=0.004, 7°=0.099). Among the
two groups, the SP group had higher anxiety ratings at all
time points (all 18>3.53, all ps<0.01).

Heart rate

Mean absolute levels of HR for both groups in each phase are
presented in Fig. 2b. A 2%x7 Group X Phase ANOVA yielded
significant main effects for Phase, F(6,450)=101.3, p<
0.001, 7>=0.575, and Group, F(1,75)=4.54; p=0.036, n’=
0.057, in addition to a Group X Phase interaction, F(6,450)=

> ANCOVAs evaluated the effect of the covariates study site, gender,
and presence of comorbidity on the dependent variables. In no case
did inclusion of these covariates alter the interpretation of the results.
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Table 1 Participant characteristics

Social Healthy Statistics
phobia controls
M (SD) M (SD)
N in sample 41 (22/19) 40 (20/20)
(Site 1/Site 2)
Age (years) 10.1 (1.39)  10.0 (1.12) #79)=0.17
Gender (male/female) 20/21 20/20 x%(1)=0.01
School 22/19 15/25 xA(1)=2.13
(primary/secondary)
SPAI-C 20.0 (8.09)  3.94 (2.96) #(78)=11.89***
CDI 9.80 (5.53)  3.49 (2.70) #(78)=6.54%***
CBCL externalizing 8.48 (7.74)  3.79 (3.32) #(77)=3.52%**
score
CBCL Internalizing 16.99 (7.70) 2.86 (2.83) #(77)=10.9%**
score
CBCL total score 353 (16.4) 899 (5.71) #77)=9.56***

M mean, SD standard deviation, SP4/-C Social Phobia and Anxiety
Inventory for Children, CDI Child Depression Inventory, CBCL Child
Behavior Checklist; **p<0.01, ***p<0.001

4.05; p=0.011; n*=0.051. The follow-up 2x3 Group by
Phase reactivity ANOVAyielded a significant main effect for
Group, F(1,75)=5.31, p=0.024, ’=0.066, and a significant
Group X Phase interaction, F(2,150)=3.96, p=0.030, n’=
0.05, pointing to a blunted HR response in the SP group
(linear trend, p=0.028; 7?=0.063). The 2x4 recovery
ANOVWA yielded a trend level main effect for Group,
F(1,75)=3.759, p=0.056, n”=0.048, and a significant Group
X Phase interaction, F(3,225)=5.88, p=0.009, 1°=0.073,
revealing a slower decrease of the HR in the SP group
compared to the HC group (linear trend, p=0.009; n’=
0.088). Among the two groups, the SP group reached higher
HR levels at all time points except TSST-C speech and TSST
C math (1s>-2.118, ps<0.038).

Salivary alpha-amylase

A 2x5 Group (SPL HC) X Phase (baseline, TSST-C,
recovery 1-3) ANOVAwith repeated measures on the Phase
factor did not yield a significant main effect for Group
F(1,72)=1.96, p=0.166, and no significant Group X Phase
interaction, F(4,288)=1.85, p=0.146, demonstrating that
groups did show similar responding patterns to the TSST-C
(Fig. 2¢).* On a descriptive level, the SP children had even
lower sAA levels than the controls.

* Additional group comparisons concerning values for area under the
curve with respect to ground (AUCg) and area under the curve with
respect to increase (AUCi; Pruessner et al. 2003) did not show
significant differences between SPs and HCs (ps>0.125).
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Salivary cortisol

In a 2x5 Group (SP, HC) X Phase ANOVA with repeated
measures on the Phase factor, the main effect for Group did
not reach significance, F(1,75)=0.880, p=0.351, nor did
the Group X Phase interaction, F(4,300)=1.45, p=0.238,
indicating that the groups showed similar responding
patterns to the TSST-C (Fig. 2d). Similarly to sAA, on a
descriptive level, the SP children had an even lower cortisol
response compared to the controls.’

Discussion

To our knowledge, this is the first study to provide a multi-
level analysis of subjective, autonomic and endocrine
reactivity to a psychosocial stressor in SP children. The
results can be summarized as follows. In addition to a
generally elevated subjective anxiety level during the whole
task, SP children showed a stronger reactivity (steeper
increase of anxiety) and a faster recovery (steeper decrease
of anxiety) compared to controls. Similar to subjective
anxiety, HR was also chronically elevated throughout the
task in SP children, even though they showed a blunted
reactivity (slower increase in HR levels) and recovery
(slower decrease of HR levels) compared to controls. No
differences between the SP and HC groups were obtained
for sAA and salivary cortisol. In the following, we discuss
our findings separately for subjective anxiety, autonomic
arousal and endocrine stress responses.

Subjective anxiety

Stronger anxiety reactivity corresponds well with prior
findings, demonstrating higher reactivity in anxiety in SP
children compared to controls during social-evaluative
tasks (Beidel 1991; Spence et al. 1999; van West et al.
2008). Subjective anxiety hyperreactivity in SP children
also speaks for a successful symptom provocation by the
TSST-C and points to a specific sensitivity of these children
to social-evaluative contexts, which is well in line with
current nosology and theory. Enhanced reactivity to the
stressor in the SP children was accompanied by a faster
recovery. However, overall anxiety remained elevated in the
SP children throughout the task, which could be due to
either reporting biases or to chronically elevated subjective
anxiety in a variety of social contexts.

> Additional group comparisons concerning values for area under the
curve with respect to ground (AUCg) and area under the curve with
respect to increase (AUCi; Pruessner et al. 2003) did not show
significant differences between SPs and HCs (ps>0.722).
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Consistent with elevated chronic subjective anxiety, HR
was also found to be higher in SP children throughout
the experiment. However, contrary to the pattern of
subjective anxiety, we found a blunted HR reactivity
(slower increase) to the TSST-C and a slowed recovery
(slower decrease) in SP children. Previous studies did also
not find higher HR reactivity in SP children and
adolescents compared to HC (Anderson and Hope 2009;
Beidel 1991). In addition, our results correspond with
findings of elevated HR levels during rest and stress in
samples of mixed anxiety disordered children and adoles-
cents (Monk et al., 2001) and behaviorally inhibited
children (Kagan et al. 1988).

The presence of subjective hyperreactivity to stress,
unaltered acute HR reactivity, but chronically elevated HR
at baseline as well as during recovery can be interpreted in
two different ways. First, the blunted HR reactivity in SP
children could be an effect of physiological ceiling effects.
Due to baseline dependencies of measures like HR, further
HR increases from an elevated baseline might have been
constrained by physiological counter-regulatory effects.
Determining the presence of physiological ceiling effects
would require an more direct assessment of both parasym-
pathetic and sympathetic ANS divisions (Berntson et al.
1993). We have recently reported on a reduced autonomic
flexibility in children with SP as a potential explanation for

reduced stress reactivity in the presence of tonic hyper-
arousal (Schmitz et al. 2011).°

A second potential explanation of blunted acute HR
reactivity on the background of chronically elevated HR in
SP children is that they might not be hyperreactive to
social-evaluative stress specifically, but that they are instead
chronically over-aroused in a variety of unspecified social
situations. It is noteworthy that we found elevated HR
levels not only at baseline, where it could be explained by
elevated anticipatory anxiety, but also during recovery, and
therefore in the absence of anticipatory anxiety (children
knew that they had completed the task and no more
challenges would be forthcoming). Constantly receiving
afferent feedback about elevated physiological arousal, the
SP children might have started worrying about the visibility
of signs of arousal and anxiety as shown to be the case for
adults with SP (Gerlach et al. 2004). In fact, a recent study
from our lab indicates that socially anxious children worry
more about their arousal symptoms than non-anxious
control children even in the absence of group differences
in HR and HR perception (as measured in a heart-beat
counting task) (Schmitz et al., in revision; see also
Anderson and Hope 2009). Importantly, in the long run,
chronic physiological hyperarousal could lead to attentional
biases similar to the ones described by Clark and Wells

® Please note that analysis of covariance does not provide a solution
here (Miller and Chapman 2001).
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(1995) of directing attention inward toward bodily symp-
toms instead of outward toward the socially demanding
situations (Spurr and Stopa 2002). Ultimately, the question
of how prevalent phases of elevated HR levels are in SP
children has to be studied in ambulatory monitoring studies,
which are currently lacking in this population. Should such
studies confirm chronically elevated HR levels in a wide
array of social situations, significant implications for
cardiovascular health would have to be considered (Thayer
et al. 2010).

Salivary alpha-amylase

We did not find any differences between the SP and HC
children in terms of SAA reactivity. Both groups showed a
significant increase in sAA in response to the TSST-C,
which shows its sensitivity to social stress (Nater and
Rohleder 2009). However, sAA reactivity did not reflect the
group differences found on HR and subjective anxiety. This
result of an absence of group differences in sAA reactivity
to the TSST-C found in this present study seems inconsis-
tent with van Veen et al. (2008) who reported on elevated
sAA levels in adults with SP when compared to HCs. These
differences might be due to the lack of a stressor in van
Veen’s study. Moreover, it has to be considered that there
might be differences between children and adults with
regard to sAA reactivity (Strahler et al. 2010; Yim et al.
2010). Therefore, more research is needed on the role of
sAA in childhood SP as well as on how it relates to HR
levels and subjective anxiety in general.

Salivary cortisol

Contrary to our assumption, we did not find any differences
between SP and HC children in salivary cortisol. This result
is consistent with studies with adolescents and adults
reporting similar cortisol reactivity in SP and HC groups
(Beaton et al. 2006; Heiser et al. 2009). However, it is
inconsistent with results of van West et al. (2008), who
reported higher cortisol reactivity in children with SP
compared to HC in response to social stress. The present
study and the study of van West et al. (2008) differ in
stressor length (twice as long in the present study), age
group (present study 8—12, van West et al. 612 years), and
sample size (present study 40/group, van West et al. 25/
group). Cortisol reactivity is influenced by intensity and
length of the stressor as well as by participant age
(Dickerson and Kemeny 2004; Kudielka et al. 2004),
which may account for some of the differences. Keeping
these discrepancies in mind, our results suggest that the
symptoms of childhood SP may not be generalized to the
HPA-axis-based neuroendocrine stress system. The question
which factors may specifically contribute to a closer

@ Springer

covariation of both dimensions in SP children, such as
participant age or nature of the social situation, needs
further investigation.

Limitations

Several limitations must be acknowledged. First, our study
assessed subjective, autonomic and endocrine reactivity to
social stress during a highly structured social-evaluative
task. Even though situations such as the ones faced in our
speech and math task are quite common in the everyday
life, future research should expand tasks to encompass a
wider variety of externally valid situations such as, e.g.,
informal conversation with peers.

Second, we only investigated children between 8 and
12 years. This was done to capture the earliest manifes-
tations of the disorder which develop during this time
(Beidel et al. 1999). Therefore we cannot draw conclusions
about SP in adolescence. Future studies should compare
subjective, autonomic, and endocrine reactivity to social
stress among different age groups of youth with SP, because
previous results indicate that manifestation of SP differs in
childhood and adolescence (e.g. Alfano et al. 2006; Rao et
al. 2007).

Third, it is not clear how representative our sample was.
It is possible that mainly families with higher education and
higher social economic status responded to our advertise-
ments. Further concerns related our sample could be that
only Caucasian children participated in our study because
there is empirical evidence that the expression of social
anxiety differs between ethnical groups (Asnaani et al.
2010). Thus, future research comparing subjective, auto-
nomic, and endocrine reactivity of SP in different ethical
groups is needed.

Finally, as mentioned above, ambulatory research should
examine whether HR is elevated tonically or whether this is
an epiphenomena of laboratory research (Wilhelm et al.
20006).

Conclusions and future directions

The present results demonstrate the expected stronger
subjective anxiety reactivity in SP children compared to
HC children. In addition, SP children are characterized by
chronically elevated HR levels in conjunction with a
blunted HR response to the TSST-C. Future studies should
target the coupling between subjective anxiety and physi-
ological stress symptoms to understand their interaction and
potential feedback loops, for example by acquiring anxiety
and arousal ratings at high temporal resolution in addition
to continuous multi-channel physiological assessment (Bur-
khardt et al. 2010). Finally, further research is needed to
provide clarification if current therapeutic approaches for
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children with social phobia target physiological hyperarous-
al and dysfunctional interpretation of bodily symptoms
effectively.
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