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Abstract Cognitive models of social anxiety [Clark and
Wells, Social phobia: Diagnosis, assessment, and treat-
ment, Guilford Press, New York, 1995], diagnostic criteria
and studies on adult samples suggest that both an overes-
timation of bodily anxiety symptoms and psychophysio-
logical abnormalities play an important role in social
anxiety. To date, less is known about such a perception bias
and physiological characteristics in children and adoles-
cents with social anxiety. We performed a systematic
review of the literature in the electronic databases Medline,
PsycINFO, and PSYNDEX. Additional studies were iden-
tified by hand search using the ancestry approach. We
identified 1,461 studies, screened their titles and abstracts,
viewed 94 papers, and included 28 of these. Study samples
were heterogeneous and consisted of socially phobic, high
socially anxious, shy and test anxious children and ado-
lescents. Regarding a biased perception, most studies in the
review suggest that bodily symptoms of anxiety were
overestimated by children and adolescents across the social
anxiety spectrum when compared with control groups. An
elevated psychophysiological reactivity to social stress was
present in samples of high social anxiety, shyness, and test
anxiety. In clinical samples with social phobia, by contrast,
no differences or an even lower physiological responding
compared with healthy control groups were reported. In
addition, some evidence for a chronic psychophysiological
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hyperarousal was found across all sample types. The results
are discussed with regard to current models of social

anxiety, psychophysiological theories, and treatment
implications.
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Introduction

Anxiety disorders in children and adolescents are among
the most prevalent psychiatric disorders; in this age group,
between 10 and 20 % of youths are affected by anxiety
symptoms that require treatment [2, 3]. Further, high
anxiety in children often leads to a significant impairment
in daily life and poses a high risk to a normal social-
emotional development during childhood and youth [4, 5].
The most common anxiety disorder in children and ado-
lescents is social phobia (SP) with lifetime prevalence rates
of up to 12.1 % [6]. In the Diagnostic Statistical Manual of
Mental Disorders (DSM-IV [7],' SP is defined as an
excessive, irrational fear of social or performance situa-
tions due to the expectation that others will scrutinize the
person’s actions. The average age of onset for high social
anxiety and SP is early to mid-adolescence [8, 9], but SP
occurs even in children as young as 8 years [10]. Thus,
important developmental steps can be compromised,
leading to negative lifelong trajectories. Due to the early
onset of SP, the investigation of samples of socially anx-
ious children or adolescents is of particular interest to
understand how this disorder develops and aggravates over
time.

' DSM-5 will state almost unchanged criteria.
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Focus and structure of the current review

For the understanding of social anxiety and SP, physio-
logical arousal and bodily anxiety symptoms are of par-
ticular interest. Cognitive models of clinical social anxiety
(e.g. Clark and Wells [1]) assume that bodily anxiety
symptoms—in particular their biased perception and mis-
interpretation—are involved in the maintenance of social
anxiety. Results from studies on adults support the
importance of bodily anxiety symptoms in social anxiety,
especially their overestimation (e.g. [11-16]). Further, a
bodily hyperarousal in social situations is also part of the
diagnostic criteria for SP. According to the DSM-IV,
individuals with SP frequently experience physiological
symptoms of anxiety such as sweating and palpitations in
feared social or performance situations [7]. The Interna-
tional Classification of Diseases (ICD-10 [17]) requires an
abnormal physiological reactivity (e.g. blushing or sweat-
ing) to social situations for a diagnosis of the disorder.
Importantly, the above-mentioned physiological and per-
ceptional processes underlie strong developmental influ-
ences during childhood and youth [18-22]. Thus, results
from studies on adults with high social anxiety may not be
valid for younger populations and a look on investigations
that focus on children and adolescents is indicated. To our
knowledge, no systematic review or meta-analysis inves-
tigating bodily anxiety symptoms and their perception in
socially anxious children and adolescents has been pub-
lished so far. One recent systematic review covered the
related topic of pharmacological challenge in childhood
panic and social anxiety but did not include response to
social stress, perception of bodily symptoms, or autonomic
functioning [23].> Other reviews regarding bodily anxiety
symptoms in social anxiety only focus on the adult litera-
ture (e.g. [14]).

Hence, this review addresses the two lead questions:
First, do socially anxious children and adolescents over-
estimate bodily symptoms, as suggested by the results from
adult literature? In response to this question, we mainly
review studies using self-report data. Second, are socially
anxious children and adolescents characterized by objec-
tively measurable physiological abnormalities? This sec-
ond questions qualifies the first one in that subjective
perception could only be considered as biased if no cor-
responding physiological alteration would be observed.
Reviewed studies included measures of the autonomic
nervous system and the neuroendocrine system. Before
investigating these two questions, we briefly introduce the
key theoretical models of social anxiety as well as asso-
ciated subclinical manifestations and associated empirical

2 There was only a small overlap (3) with the present review
regarding empirical studies [24-26].
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findings. We also briefly introduce autonomic and endo-
crine measures.

Forms of social anxiety

Beside the investigation of clinical SP samples, a common
approach is the study of extreme groups of children and
adolescents with a broad spectrum of both clinical social
anxiety (SP) and non-clinical social anxiety (high social
anxiety, test anxiety, or shyness). These different types of
social anxiety are characterized by correlating symptoms
and by the core symptom of social anxiety: the fear of
negative evaluation by others [27, 28]. This has led some
researchers to view different forms of social anxiety as
points on a severity continuum (see also the social anxiety
continuum [27, 28]. While one extreme of the continuum
marks subclinical types of shyness and high social anxiety,
the other extreme marks clinical SP. The further the con-
tinuum extends, the stronger is the severity of symptoms
and the impairments that are caused by them in daily life.
As a consequence, the study of samples of children with a
broad spectrum of social anxiety may help to understand
how social anxiety develops and what factors are involved
in its aggravation over time [29]. Beside symptom severity,
social anxiety can also be differentiated by its generaliza-
tion across situations, or put differently, by the number of
situations during which social fears manifest. For example
in the DSM-IV, SP can be classified as either specific SP or
generalized SP, depending on if symptoms are present in
only one special type of situation (e.g. social speaking) or
in almost all social situations (e.g. social interactions with
peers and social performance situations). On the back-
ground of the ongoing debate whether different subtypes of
social anxiety are qualitatively different or merely different
points on a severity/generality continuum we opted to
widen our review to include studies not only of clinical SP,
but also of subclinical shyness, high social anxiety, and test
anxiety. Hence, beside children and adolescents with gen-
eralized and simple SP, we also focus on samples with
other forms of social anxiety such as test anxiety, shyness,
or high social anxiety.

Research question 1: The subjective side—does
a biased attention for bodily symptoms of anxiety exist
in socially anxious children and adolescents?

Physiological symptoms of anxiety play a prominent role
in cognitive models of adult SP (e.g. [1, 30]). The attention
to—and misinterpretation of—internal physiological arou-
sal has been identified as one key maintenance factor: when
entering a social situation, socially anxious individuals are
assumed to be concerned about the visibility of bodily
anxiety symptoms (blushing, sweating, trembling) because
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they interpret such visibility as a failure (e.g. “If others see
how much I blush, I embarrass myself”). As a conse-
quence, socially anxious individuals focus their attention
on their bodily responses, thereby elevating awareness and
perceived strength of such responses. Perception of strong
bodily anxiety symptoms, in turn, further amplifies the
current fear about symptom visibility and thereby anxiety
level. To make this worse, cognitive capacities bound by
inward attention reduce the resources remaining for an
adequate coping with the current social situation. Possibly
due to these mechanisms, socially anxious individuals are
sometimes perceived as less friendly and responsive by
others, making social rejection more likely [1]. In adult
samples, strong empirical evidence indeed points to the
existence of a perception bias for physiological arousal in
both clinical and subclinical social anxiety (e.g. [11-16]).

When does such biased perception of bodily symptoms
develop? Clearly, a prerequisite for this symptom is the
development of a general concept of bodily arousal and its
visibility. Developmental studies indicate that interoceptive
processes during childhood and adolescence may differ
from those found in adult populations and previous
research suggests that emotional reasoning—the ability to
make inferences from bodily sensations and to link them to
specific emotions—is limited and still under development
during youth [22, 31]. Testing this question in a community
sample of children aged 8 to 12 years, with varying levels
of trait anxiety, Muris et al. [22] found that children did
make use of information about bodily arousal in rating the
degree of dangerousness of several written social scenarios.
However, contrary to results from adult samples (e.g. [32]),
children with high trait anxiety did not differ from a low
anxiety group in their use of bodily information (e.g. racing
heart) for the evaluation of the level of script danger when
objective information about situational danger was present.
Hence, anxious children may associate bodily anxiety
symptoms less closely with the evaluation of situational
danger than adults. Since trait anxiety must not be equated
with social anxiety, this study illustrates the need for age-
specific investigations in social anxiety.

Research question 2: The objective side—Autonomic
and endocrine system and their alteration in social
anxiety

As pointed out above, diagnostic criteria for clinical social
anxiety include a physiological hyperreactivity to social
stress in these individuals. Both ICD-10 and DSM-IV
describe that to fulfill the diagnosis of SP patients must
show an abnormal physiological reactivity (e.g. blushing or
sweating) to social stress. In addition to these diagnostic
criteria, cognitive models of social anxiety likewise assume
an actual physiological hyperreactivity to social stress. For

example, the prominent cognitive model of SP by Clark and
Wells [1] postulates that beside a subjective perception bias
for bodily anxiety symptoms, socially anxious individuals
may also experience an actual rise in physiological arousal,
which may lead to blushing or sweating during social stress.

In the context of social-evaluative stress and anxiety, two
physiological systems regulate the organism’s coping
reaction: the hypothalamus—pituitary—adrenal system
(HPA-axis) with its end product cortisol and the autonomic
nervous system (ANS). Particularly in more enduring stress
situations, the hypothalamic production of corticotropinre-
leasing hormone (CRH) rises, which stimulates the pituitary
release of adrenocorticotropin hormone (ACTH) and, as a
consequence, cortisol is secreted into the bloodstream by
the adrenal cortex [33]. This steroid hormone enables the
body to adjust to threatening situations and provides energy
for bodily reactions: Cortisol influences metabolic pro-
cesses and has anti-inflammatory and immunosuppressive
effects [34]. But the HPA-axis is active during resting
conditions, too, and follows a circadian rhythm. Cortisol
can be assessed in the saliva and is, therefore, a popular
non-invasive index of HPA-axis activity.

In contrast to the rather slow response of the HPA-axis,
the ANS allows for fast and flexible adaptation of a large
number of effector organs (e.g. heart, blood vessels, sweat
palms) to stress. Common indicators of ANS activity are
heart rate (HR), blood pressure, skin conductance level
(SCL), and other parameters (for an overview of ANS
parameters see Kreibig [35]). The ANS comprises a sym-
pathetic and a parasympathetic branch, which are often
antagonistic in their interaction of dually innervated organs
(e.g. the heart) but can also operate in different modes of
reciprocal, coupled, or uncoupled activation [36]. Gener-
ally spoken, while an activation of the sympathetic nervous
systems leads to an increase in physiological arousal (e.g.
increase of HR), the activation of the parasympathetic part
leads to physiological inhibition (e.g. decrease of HR).
When facing an anxiety provoking situation, the ANS
ideally enables the organism for a swift physiological
coping through an increase in sympathetic/decrease in
parasympathetic control. After a stressful event, the ANS
quickly returns to an energy efficient state (sympathetic
decrease/increased parasympathetic inhibition), thereby
preserving the organism’s long-term homeostasis [37].
There are also several reciprocal neural connections
between superior structures of the HPA-axis and the ANS
which regulate the interaction of these systems in short-
term and long-term stress reactions. Excitatory and inhib-
itory neural pathways, like serotonin or opioid peptides,
regulate the two systems simultaneously [33].

Numerous studies have assessed objective parameters of
psychophysiological responding to social stress in SP adult
samples, however, without yielding a coherent picture.

@ Springer



130

Eur Child Adolesc Psychiatry (2014) 23:127-142

While one group of studies found higher levels of HR before
and during stress [16, 38], increased sympathetic and para-
sympathetic responding to social situations in female SPs or
diagnostic subgroups [13, 39], in other studies autonomic
parameters did not differ between SPs and healthy controls
[12, 40]. Studies on endocrine abnormalities in SP adults
have yielded similar inconsistent results [41, 42]. Thus, from
these studies, to date it remains mostly unclear to what extent
SP adults may differ from non-anxious individuals in their
autonomic and endocrine responses.

Similar to cognitive and perceptional processes, devel-
opmental factors must be taken into account when investi-
gating autonomic and endocrine characteristics of
childhood psychopathology. For example, empirical evi-
dence points to an altered stress-related HPA- axis func-
tioning with age: A study by Gotthardt et al. [18] showed
larger cortisol stress responses in older subjects, and a study
by Kudielka et al. [19] reported positive correlations
between cortisol baseline levels and age which might be a
sign for a higher basal HPA-axis activation with advanced
age. Further, some authors argue that the resilience of HPA-
axis functioning declines with age as older people seem to
show higher cortisol responses to stimulation and a pro-
longed recovery after stress [43]. Furthermore, the circadian
rhythm appears to advance with age and diurnal amplitudes
seem to flatten [44, 45]. Regarding the ANS, studies have
found evidence that cardiovagal autonomic control, which
is the central integration of afferent inputs and generation of
efferent vagal outflow [46], declines with age in adult
subjects. A study by Lenard et al. [20] found that from
infancy to young adulthood, cardiovagal autonomic func-
tion appears to improve—with a peak level in adolescence,
which could be a result of maturation of neural mechanisms.
The authors investigated four age groups of healthy sub-
jects, ranging from 7 to 10 years, from 11 to 14 years, from
15 to 18 years, and from 19 to 22 years. From group 1 to 3,
the efficiency of central integrative mechanisms more than
doubled. Thus, the increased efficiency of neural integrative
mechanisms seems to compensate the stiffening of the
carotid artery, and the ANS becomes more efficient
throughout adolescence.

With these aspects in mind we will outline our search
strategy and investigate the literature with particular focus
on subjective and objective markers of bodily sensation in
relation to social anxiety in children and adolescence.

Method
Search strategy

Studies were collected through a systematic computer-
based literature search in the electronic databases Medline,
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PsycINFO, and PSYNDEX. Search terms can be seen in
Table 1.

Additionally, a hand search was conducted using the
ancestry approach [47]: references of the identified articles
were scanned for additional studies meeting inclusion cri-
teria (see below). Procedure and results are depicted in
Fig. 1. Data search and data extraction were performed by
the first and the last author, respectively.

Inclusion criteria

Only published peer-reviewed original journal articles in
English about physiological aspects of socially anxious
children and adolescents from the age of 6 to 18 years were
included since SP typically has its onset in middle child-
hood [9]. Participants in the included studies were either
diagnosed with SP according to DSM criteria or selected
for high social anxiety, high shyness, or test anxiety using
standardized measures.® In the included studies, various
parameters were assessed for sympathetic and parasym-
pathetic arousal.

Results
Included studies

In this review, 28 studies were included: 9 studies inves-
tigating SP samples, 6 studies investigating samples with
test anxiety, and 13 studies investigating samples with high
social anxiety or high shyness. The publication dates of the
studies ranged from 1967 to 2012, with 80 % of the studies
published between 1990 and 2012. The textually reviewed
but still excluded studies (66) did not meet inclusion cri-
teria in various ways. Many of these studies (49) did not
focus on social anxiety—for example, in these studies,
children and adolescents with internalizing symptoms or
different anxiety disorders were examined with regard to
physiological aspects, but studies did not report results
specifically for social anxiety. Other studies (6) did only
use self-report measures for the measurement of bodily
symptoms. Some other studies (11) were theoretical works
or non-published dissertations. Due to the lack of compa-
rable data, we did not conduct a formal meta-analysis but
summarized studies qualitatively. Table 2 shows the cor-
responding details on sample, sample size, age range,
design, and the main results. For significant effects

3 As items of standardized questionnaires measuring high social
anxiety and high shyness are often very similar (e.g. SASC-R [48] and
RCBS [49], example item SASC-R: “I feel shy around kids I don’t
know” example item RCBS: “I feel tense when I’'m with people 1
don’t know well”), these concepts will be considered almost
equivalent in this review.
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Table 1 Search terms used in the computer-based literature search

“social phobia” or “social anxiety” or “test anxiety* or ”speech anxiety* or “anxiety* or ”shyness* or ”shy*

AND
AND

”child* or ”pediatric” or ”adolescent*

”alpha amylasis* or ”autonomic* or ”blood pressure* or “blushing* or ”cardiovascular* or ”cortisol“ or “electrodermal“ or

”endocrine* or ”endocrinology‘ or “heart* or "hydrocortisone or hypothalamic pituitary adrenal axis“ or “hypothalamo
hypophyseal system* or ”parasympathetic nervous system* or “physiological“ or ”physiology* or ”psychopathology‘ or
”psychophysiology“ or “respiratory sinus arrhythmia“ or ”shaking* or ”skin response* or ”sympathetic nervous system* or

”sweating“ or ”vagal®“ or ”vagus nerve*

Fig. 1 Process and results of
the literature search

1461 articles identified

7

Screening of titles and abstracts

N2

81 articles

Hand search (Ancestry Approach)

V2

13 additional articles

2

Textual review of 94 articles

|

|

|
NG

|

|

|

N7

| Inclusion of 28 articles (thereof 12 investigating more than one parameter) |

ALz

| Autonomic Nervous System (n = 19) |

HPA -axis (cortisol, n = 13) |

involving group, we calculated standardized effect sizes
according to Cohen [50]. For studies with a correlational
design, Pearson’s r was reported.”*

Discussion

Research question 1: Biased perception of bodily
anxiety symptoms

We identified seven studies that investigated both sub-
jective experience of physiological arousal and objective
physiological arousal (measured by instruments or by
observer ratings). All seven studies found that socially
anxious children and adolescents overestimated their bod-
ily symptoms of anxiety when compared with non-anxious
controls during social-evaluative stress, while no actual

4 According to Cohen [50], d = 0.2 indicates a small effect, d = 0.5
indicates a medium effect, and d = 0.8 indicates a large effect.
Regarding the effect size f, f = 0.10 indicates a small effect, f = 0.25
indicates a medium effect, and f = 0.40 indicates a large effect [50].
Regarding Pearson’s r, according to Cohen [50], r = 0.10 is a small
effect, r = 0.30 is a medium effect and r = 0.50 is a large effect.

| Bias (n=7)

group differences in physiological arousal were found (e.g.
[51, 60, 71, 75]). The consistency of this result was striking:
a biased perception (overestimation) was found in studies
across the whole social anxiety spectrum including SP, test
anxiety, high social anxiety and high shyness (e.g. [51, 60,
71, 75]). Effect sizes, if reported, ranged from medium to
large effects (f = 0.30 to f = 0.99).

For example, in a study by Anderson et al. [51], SP
adolescents, who had to give a speech and engage in a
conversation with an unfamiliar person, reported higher
subjective arousal than healthy controls during the anxiety-
provoking tasks, but no group differences in HR or blood
pressure emerged. Further, such biased perception seems to
manifest early in social anxiety and possibly prior to the
onset of fully blown SP: In a study by Miers et al. [71],
high socially anxious children and adolescents aged 9-17
reported a higher HR and sweatier palms than low socially
anxious children in a speech task in the absence of actual
group differences in HR or SCL. Since social fears were
not formally assessed by a clinical interview, it remains
unclear how many children in this study fulfilled the SP
diagnosis. Interestingly, socially anxious children not only
to overestimated their bodily arousal, but also took an
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outside perspective on their appearance and worried more
than their non-anxious peers about symptom visibility to
others [75], which is a central claim of the Clark and Wells
model [1]. Accordingly, the exaggerated perception of
bodily arousal may result from a heightened self-monitor-
ing and the extensive worry that others might notice how
anxious one is. Importantly, biased symptom perception
and worry about visibility are separable aspects. We have
previously reported that group differences in biased
symptom perceptions between SP children and controls
were reduced when statistically controlling for group dif-
ferences in worry about their visibility [75].

Generally, these findings of consistently overestimated
bodily symptoms are in keeping with the general idea that
Clark and Wells’ [1] theoretical model of SP might be
applicable to children and youth. With regard to subjective
indicators, the bulk of findings reviewed so far support the
assumption that an overestimation of bodily symptoms is
already present in socially anxious children and adoles-
cents—and thus mirror the adult literature (e.g. [11-16])
despite differences in cognitive-emotional development. As
such it is likely that this factor is involved in the development
and maintenance of social fears. However, there is also
evidence that points to potential differences between socially
anxious children and adults. For example, contrary to find-
ings in samples of SP adults, high socially anxious children
did not feel more anxious when a bogus HR feedback was
made public to unknown observers as reported by Schmitz
et al. [75]. This is also inconsistent with the cognitive model
by Clark and Wells [1], which assumes that the visibility of a
bodily anxiety symptom causes increased anxiety because it
could lead to negative evaluation by others. Possibly,
developmental differences account for this inconsistency. As
mentioned above, a study by Muris, Merckelbach, and van
Spauwen [22] suggested that children, as opposed to adults,
may focus mainly on the most salient information when
judging dangerous situations. As the ability for emotional
reasoning is still developing during childhood [31], intero-
ceptive information, like HR feedback, could be less relevant
for children than for adults.

Research question 2: less anxiety severity is associated
with heightened autonomic and endocrine responding

We identified 26 studies that assessed autonomic and
endocrine abnormalities in children and adolescents with
social anxiety. In clinical samples with the diagnosis of SP,
most studies failed to find an autonomic or endocrine
hyperreactivity to social-evaluative stress. For example, in
a study by Anderson et al. [52], 158 13- to 17-year-old
adolescents gave a speech in front of an unknown audience.
No differences in HR reactivity between SP adolescents,
high socially anxious adolescents, and healthy controls

emerged. Regarding endocrine reactivity, only one out of
three studies found a higher endocrine reactivity of SPs
compared with a healthy control group [91]. In this study,
6- to 12-year-old SP children and healthy controls had to
complete a modified Trier Social Stress Test (TSST, [92]).
SP children showed an elevated cortisol response as com-
pared with healthy controls. However, two more studies
failed to find an endocrine hyperreactivity in SP groups
using a similar task [25, 93].

More evidence for a psychophysiological hyperreactiv-
ity was found in samples of children and adolescents with
other subforms of social anxiety. A pattern of autonomic
hyperreactivity was mostly present in samples of children
and adolescents with test anxiety and high social anxiety or
shyness [58, 68, 73]. For example, Beidel [58] found a
higher HR reactivity during a vocabulary test and a public
reading task in test anxious children compared with non-
test anxious children. Further, in a study by Matthews et al.
[68], a greater increase in HR and systolic blood pressure
was correlated with higher social anxiety in adolescents
during a social-evaluative speaking task. Likewise, most
evidence for an endocrine hyperreactivity was found in
subclinical social anxiety. Granger et al. [26] found that
cortisol reactivity was correlated with social withdrawal,
social anxiety, and socially inhibited behavior during a
parent—child conflict discussion task. In a further study by
Granger et al. [66], increasing social anxiety over a period
of 6 months was associated with higher subsequent HPA-
reactivity to a similar stressor.

Related to this, similar findings have been reported from
adult social anxiety: For example, Levin et al. [94] compared
the reactions of adult patients with generalized SP to adult
patients with specific SP and healthy controls during a ten-
minute speech. Patients with less generalized SP exceeded
other patients in HR elevation prior to and during the speech,
although generalized patients reported more subjective
anxiety during the speech. Several other studies have yielded
similar results: patients with subtypes (e.g. circumscribed
speech phobia or public speaking phobia) of SP seem to show
higher autonomic reactivity than patients with generalized
SP [39, 95, 96]. As some authors argue that test anxiety is a
form of specific SP (e.g. [97]), this could fit our results.

While many studies failed to find autonomic or endo-
crine hyperreactivity to stress in SP samples, we also found
studies which report a blunted instead of an increased
autonomic/endocrine reactivity in SP. This pattern was
found in two studies with SP children [93]. In a study by
Schmitz et al. [56], SP children showed a lower parasym-
pathetic reactivity and a slower HR recovery than healthy
controls when confronted with the TSST. Interestingly,
similar results were also found in two studies with test
anxious children [58, 61]. For example, Darley and Katz
[61] exposed test anxious and non-anxious children to a

@ Springer



136

Eur Child Adolesc Psychiatry (2014) 23:127-142

cognitive task and varied the instruction given for the task
(test instruction vs. game instruction). While HR generally
accelerated in reaction to the test instruction and deceler-
ated in reaction to the game instruction, in test anxious
children these effects were dampened, suggesting auto-
nomic inflexibility. Another study by Beidel [58] also
found a slower recovery (post task) of HR in test anxious
children compared with non-test anxious children. This
finding is in keeping with previous studies on anxiety
disordered and high-risk children and adolescents (e.g.
[98-101]), and fits the results of a meta-analysis by Chida
and Hamer [102], which found a lower ANS reactivity and
slower recovery in anxious adults.

Interestingly, in the present review, several studies
scattered across the different subpopulations of social
anxiety report that social anxiety may be associated with an
autonomic and endocrine hyperarousal during baseline
and/or recovery phases and in the absence of social stress.
This seems to be true for children and adolescents with SP
[56, 93], test anxiety [58], and high social anxiety/shyness
[68, 73]. Likewise, a tonic hyperarousal (especially con-
cerning an elevated HR) has been found in samples across
the whole anxiety spectrum, including very young children
at risk for the development of anxiety [99], children and
adolescents with internalizing symptoms [98], and children
and adolescents with various anxiety disorders [100, 101].
Similarly, in adult samples, a tonic autonomic and endo-
crine hyperarousal has frequently been found [107]. Thus,
chronic hyperarousal seems to be prevalent across different
types of anxiety.

Developmental aspects of physiological responding
in social anxiety

Children and adolescents with subclinical social fears
evidenced heightened physiological reactivity, while clin-
ical samples showed either no differential phasic (stressor
related) effects or even attenuated/slowed autonomic and
endocrine reactivity/recovery. This appears counterintui-
tive at first sight since diagnostic systems suggested
increasing responses with increasing severity. Instead, our
results suggest that flexibility of the physiological systems
decreases as social fears become more severe and, there-
fore, less physiological reactivity could be a marker of
increased psychopathology. This idea would fit well with
current theories that link anxiety disorders to a restricted
autonomic flexibility [103-107]. These theories emphasize
that adaptive reactions to stressors depend on autonomic
flexibility, and such flexibility—as opposed to rigidity—is
considered functional and adaptive. Interestingly, accord-
ing to this view, strong stress responses would be consid-
ered healthy and adaptive—rather than pathological—if
they are subsequently followed by a similarly swift
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recovery and return to baseline. Such autonomic flexibility
is thought to capitalize mainly on the parasympathetic
branch of the ANS with it fast innervation though the vagus
nerve [108]. A lower parasympathetic activity is thought to
be connected to anxiety symptoms, including a dysfunc-
tional attention focus, behavioral inflexibility, and reduced
abilities for emotion regulation [106, 107]. A tonically
elevated arousal could withdraw attention from important
external cues and thus increase feelings of anxiety [56].

A developmental perspective must also be taken when
explaining differences between findings in adults and
findings in children and adolescents. Recent longitudinal
studies on autonomic and endocrine parameters in high-
risk samples suggest that dysfunctional cognitive-emo-
tional development can to some extent be predicted by
abnormal physiological profiles at younger ages. A recent
study by Badanes et al. [109] showed an association of low
cortisol with both family risk and internalizing symptoms
in children and supported the idea that low cortisol might
be a risk factor for the development of internalizing
symptoms. In a large prospective cohort study of Dutch
adolescents [110], signs of reduced autonomic flexibility
predicted anxiety levels 2 years later in adolescent girls.
Thus, reduced autonomic flexibility might represent a risk
factor for anxiety. Interestingly, findings of normal or even
blunted psychophysiological stress responses in children/
adolescence with severe social anxiety seem to parallel the
adult literature: many studies failed to find psychophysio-
logical differences between socially anxious and non-anx-
ious individuals [11, 12, 14, 40] or describe blunted
responding [111]. Hence, in adults, social fears seem to be
dominated by cognitive symptoms and subjective hyper-
reactivity to social stressors without an enhanced auto-
nomic or endocrine reactivity. A psychophysiological
hyperresponding seems to be confined to subclinical social
anxiety in children/youth (e.g. [58, 68, 73]). Interestingly,
such a higher physiological arousal seems to be present
very early in development (aged 1-3) as suggested by the
results of Kagan and colleagues [99] on samples of chil-
dren with high levels of Behavioral Inhibition. Behavioral
Inhibition in children, which is an early risk factor for SP
(see also [112]), seems already to be associated with
physiological abnormalities like a heightened HR and
cortisol reactivity [99].

Thus, physiological differences between individuals
with mild to moderate socials fears and non-anxious con-
trols may vanish in the transition from childhood to
adulthood, which could relate to a maturation of the ANS
and the HPA-axis. For example, a study by Lenard et al.
[20] found that with increasing age, autonomic functions
seem to improve. Hence it is conceivable that physiological
regulation improves from childhood to adulthood which
could also dissolve autonomic and endocrine differences
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between anxious and non-anxious individuals. In clinical
SP, however, a lower physiological reactivity seems to be
stable from youth to adulthood, probably owing to the
higher stability and severity of impairment.

When taking a closer look at the developmental per-
spective of perception bias, the current literature suggests
that also cognitive biases may be predictive for the
development and aggravation of social anxiety: in a cohort-
sequential longitudinal study by Miers et al. [113], devel-
opmental trajectories of social anxiety in a nonclinical
sample aged 9-21 years were examined. Adolescents who
followed a high social anxiety trajectory were character-
ized by higher levels of self-reported negative interpreta-
tions and self-focused attention. Thus, physiological and
cognitive variables—including distorted awareness and
interpretation of bodily anxiety symptoms—may predict
the course of social anxiety and are thus important risk
factors for social anxiety symptoms in young adulthood.

Clinical implications

Our finding of consistently overestimated bodily symptoms
bears implications for the treatment and prevention of
social anxiety in children and adolescents. For example,
different procedures could be applied to correct biased
perceptions of bodily arousal. Through biofeedback, group
role play or video feedback methods, beliefs about the own
appearance during social situations could be modified and
the alleged visibility of bodily symptoms could be falsified.
In socially anxious adults, video feedback has already
proven to be effective [114—116]: For example, in a study
by Rapee and Haymann [114], socially anxious adults rated
their performance in a speech more positively and more
consistent with ratings by independent observers after
seeing a video recording of their performance.
Psychoeducational components regarding bodily arousal
could be included in the treatment of social anxiety in
children and adolescents. The experience of bodily symp-
toms during social-evaluative situations should be nor-
malized and reframed. This is often done by describing
physiological activation, like an elevated HR, as a very
common response to social stressors that is usually not
visible to others (“What you feel is not always what others
see”) and that is highly functional (“Bodily arousal gives
you energy”’, cf. [51]). In order to reduce the heightened
self-focused attention on bodily symptoms in social situa-
tions, some form of attentional training might be beneficial.
Socially anxious children and adolescents could learn to
allocate their attention to external stimuli instead of con-
centrating on internal symptoms. In socially anxious adults
with the core fear of showing bodily symptoms, an atten-
tional training, which directs attention to external factors,
has already proven to be effective (“task concentration

training” [117]). For children with different kinds of anx-
iety disorders, computer-based attention bias modification
has been found to reduce anxiety symptoms and severity
[118]. As a biased perception of bodily anxiety symptoms
seems to exist already in high-risk children, prevention
methods should be applied. High-risk children might be
educated in public health programs and school-based
interventions. A less close coupling between social anxiety
and bodily anxiety symptoms during childhood as sug-
gested by Schmitz et al. [75] may underline the need for
early cognitive-behavioral interventions in socially anxious
children targeting a biased perception of bodily anxiety
symptoms while there still is a less close associations
between social anxiety and a misperception of bodily
anxiety symptoms.

Limitations of the included studies and future directions

The following limitations may apply. Although we are
confident that our database search and hand search identi-
fied most of the published studies to date, we did not
systematically search for unpublished studies (“gray liter-
ature”). On the one hand, this posits a danger to our results,
as significant results could be overrepresented in the liter-
ature review (“publication bias” or “file drawer prob-
lem”). Statistically significant results are more likely to be
published, while studies with non-significant results often
remain unpublished in researchers’ file drawers [119]. On
the other hand, inclusion of unpublished studies, which did
not undergo or pass peer review, could reduce the quality
of the literature review. Still, it needs to be considered that
more non-significant results could still be hidden.

The results of the included studies in this review were
diverse and partly inconsistent. Studies concerning the first
research question—the perception bias—have been more
consistent than studies concerning the second research
question—physiological effects. Thus, psychophysiologi-
cal results seem to be more variable and method-depen-
dent. First, this might be due to power issues, as some
studies had very limited power to detect small to medium
effects [e.g. 61]. Second, the assessed age groups in the
studies’ samples varied across and sometimes within
studies between a range of 7-18 years (with a focus on
10-12 years), which is troublesome because of age-related
changes in autonomic functioning and cognitive develop-
ment as reviewed above (see also Wilhelm et al. [120] for
review). Thus, future studies should compare groups in a
narrow age range in multiple age cohorts across late
childhood and adolescence. Third, experimental tasks
varied considerably between studies and were partially not
uniformly well validated. Only few studies used standard-
ized social-evaluative stressors like the TSST [92] which
has the clear advantage of being fairly standardized,
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intensely researched in adults, and designed to allow HPA-
axis assessment. Fourth, even if a standardized stressor was
applied, the intensity of the stressor differed. For example,
a study by van West et al. [91] found a higher endocrine
reactivity of SPs compared with a healthy control group,
using a shortened TSST [92], while another study by
Krémer et al. [93] failed to find an endocrine hyperreac-
tivity in an SP group using the complete TSST. Very high
stressor intensity might mask group difference due to
ceiling effects. Fifth, related to this, motivational theories
[121, 122] suggest that very high perceived task difficulty
could result in motivational disengagement, particularly in
anxious individuals, which could account for normal or
even blunted physiological stress responding (as in Schmitz
et al. [56]). Sixth, measurement-wise, most studies focused
on only a few autonomic parameters, such as HR (50 %),
thereby capturing only some aspects of the multifaceted
nature of autonomic functioning and ignoring important
aspects of autonomic functioning such as autonomic flex-
ibility. In our review, physiological differences between
the groups emerged more often when a detailed and broad
autonomic assessment was conducted [55, 56, 69]. Sev-
enth, the temporal resolution of physiological assessments
varied between the studies—some studies took measure-
ments only during baseline and during stress conditions
(e.g. [51]), while other studies went more into detail,
investigating parameters under baseline, stress, and
recovery conditions (e.g. [56]). A more detailed temporal
assessment may improve our understanding of autonomic
processes in childhood and adolescent social anxiety. In
particular, studies on a perception bias in childhood social
anxiety assessed physiological parameters only during
baseline and stress and mostly looked only on HR, which
could explain why these studies found no physiological
differences between the groups.

From our findings, it remains mostly unclear whether a
biased perception or autonomic and endocrine disturbances
are cause or consequence of social anxiety since most
studies used a cross-sectional design and participants were
already affected by social anxiety at the time of the studies.
Only a few studies in the current review utilized a longi-
tudinal design: for example, a study by Schiefelbein and
Susman [72] found that a greater increase in baseline
cortisol across one year predicted higher social anxiety in
girls at the end of their study, suggesting endocrine changes
precede increased anxiety. Likewise, Granger [66] found
that increasing social anxiety over a period of 6 months
was associated with higher subsequent HPA-reactivity to a
stressor. More longitudinal studies and prospective designs,
e.g. examining high-risk samples of children from mothers
with the diagnosis of SP, are needed to understand the
exact role which autonomic and endocrine factors play in
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the development of psychopathology and how specific they
are for particular disorders [104].

Last, some characteristics of anxiety disorders which
have been replicated in the laboratory several times do not
hold when investigated in an ambulatory context [123].
Ambulatory assessment studies are needed to examine
whether the observed group differences are specific for the
experimental situation or whether they generalize to natu-
rally occurring stressors.

Methodological approach of the current review

Due to the heterogeneity of included studies, we chose to
perform a review but did not perform a meta-analysis. A
substantial advantage of literature reviews above meta-
analyses is that a broader and more complete view can be
given. Our systematic review allowed us to be more inclusive
than a formal meta-analysis. Thus, studies from a number of
different populations and tasks could be included without a
restrictive focus on a set of comparable dimensions. This was
done to generate hypotheses and future directions for this
young research field. Here we reviewed studies from two
research fields, biased perception and physiological arousal.
We believe that the simultaneous presentation of both fields
is utterly important: when looking solely on studies inves-
tigating a perceptional bias in socially anxious children and
adolescents, one could get the impression that social anxiety
is mainly characterized by a heightened subjective aware-
ness of physiological arousal, but not by actual group dif-
ferences in bodily parameters. However, when including
physiological studies into this view, the picture becomes
more complete since it shows autonomic and endocrine
differences in subgroups of social anxiety. Without the
consideration of the two related research fields, these dif-
ferences could be overlooked and social anxiety may be
understood as a mainly cognitive phenomenon.

Conclusions

Overall, in this review, we found evidence for a biased per-
ception of bodily anxiety symptoms in socially anxious chil-
dren and adolescents: Socially anxious children and
adolescents overestimated their physiological arousal in most
studies. An elevated psychophysiological reactivity (ANS and
HPA-axis) was present only in test anxiety and high social
anxiety/shyness, while we found some evidence for a blunted
physiological responding or no differences in clinical SP. The
issue of chronic hyperarousal needs further study in ambula-
tory designs. As studies were heterogeneous, more research is
needed to determine the role of bodily anxiety symptoms in
socially anxious children and adolescents.
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