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Abstract

Background: Polyvagal theory emphasizes that autonomic nervous system functioning plays a key role in social behavior
and emotion. The theory predicts that psychiatric disorders of social dysfunction are associated with reduced heart rate
variability, an index of autonomic control, as well as social inhibition and avoidance. The purpose of this study was to
examine whether heart rate variability was reduced in treatment-seeking patients diagnosed with social anxiety disorder, a
disorder characterized by social fear and avoidance.

Methods: Social anxiety patients (n= 53) were recruited prior to receiving psychological therapy. Healthy volunteers were
recruited through the University of Sydney and the general community and were matched by gender and age (n= 53).
Heart rate variability was assessed during a five-minute recording at rest, with participants completing a range of self-report
clinical symptom measures.

Results: Compared to controls, participants with social anxiety exhibited significant reductions across a number of heart
rate variability measures. Reductions in heart rate variability were observed in females with social anxiety, compared to
female controls, and in patients taking psychotropic medication compared to non-medicated patients. Finally, within the
clinical group, we observed significant associations between reduced heart rate variability and increased social interaction
anxiety, psychological distress, and harmful alcohol use.

Conclusions: The results of this study confirm that social anxiety disorder is associated with reduced heart rate variability.
Resting state heart rate variability may therefore be considered a marker for social approach-related motivation and
capacity for social engagement. Additionally, heart rate variability may provide a useful biomarker to explain underlying
difficulties with social approach, impaired stress regulation, and behavioral inhibition, especially in disorders associated with
significant impairments in these domains.
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Introduction

Epidemiological evidence suggests that anxiety disorders place

an individual at higher risk of fatal cardiovascular diseases (CVD),

including coronary heart disease and sudden cardiac death [1]. It

has been suggested that dysregulated autonomic nervous system

(ANS) activity [2] may underlie this three-fold increase in risk for

CVD [3] in anxiety. With an early age of onset and high lifetime

frequency, social anxiety disorder is placed third only in

prevalence to depression and alcohol dependence [4]. Despite

the known role of autonomic arousal as a maintenance feature

within social anxiety [5], it represents an under-evaluated disorder

with respect to dysregulation in ANS functioning, in particular

autonomic cardiac control.

Polyvagal theory is a biobehavioral model that links ANS

functioning and social engagement. It proposes that the ANS

evolved specifically in mammals to modulate an individual’s

affective experience and subsequent social behavior [6]. In

particular, the theory emphasizes the role of the vagus nerve,

the primary nerve of the parasympathetic nervous system, in

promoting engagement, or disengagement, with an individual’s

social environment. Such cardiac vagal control inhibits sympa-

thetic activity to promote prosocial behaviour and regulate

emotion [7].

Heart rate variability (HRV), an index of beat-to-beat changes

in heart rate, provides a non-invasive measure of ANS activity [8].

Optimal cardiac health is characterized by increased variability,

with lower HRV linked to CVD and mortality [9]. As predicted by

Polyvagal theory, clinical conditions associated with decreases in

social functioning and capacity for social engagement are reflected

in decreased regulation of ANS function, or reduced HRV. This

then supports the proposal that social anxiety disorder, a

prototypical disorder of social avoidance and disengagement, will

also be associated with reductions in autonomic cardiac control.

Further, as predicted by the theory, these reductions in autonomic

control may be associated with social inhibition, avoidance, and

fear. However, no study to date has specifically examined whether

hypothesized reductions in HRV in social anxiety are associated

with measures of symptom severity or social functioning.

Whilst reduced HRV has been demonstrated broadly across

anxiety disorders in large cohort studies [10], there has been

limited evaluation of social anxiety disorder specifically. Previous

research has demonstrated significant reductions in HRV in

geriatric samples with social anxiety [11] and in patients with a

number of comorbid anxiety disorders, including social anxiety

[12]. More recent evidence suggests that, in patients with social

anxiety, changes in HRV over time predicts response to

psychological treatment [13].

A number of additional factors may contribute to dysregulated

autonomic cardiac control in social anxiety. In particular, negative

effects of psychotropic medications on HRV has been previously

discussed in [10]. Epidemiological evidence also highlights gender

differences in HRV, with females exhibiting greater parasympa-

thetic activity, whilst males have greater sympathetic activity, at

rest (reviewed in [14,15]). Given higher prevalence rates of anxiety

disorders in females [4], and potential cardioprotective effects of

estrogen [16], there may be gender differences in HRV that are

particularly pronounced in social anxiety disorder.

Thus, the objective of the present study was to investigate HRV

in a community-based sample of treatment-seeking patients with

primary social anxiety disorder. We hypothesized that individuals

with social anxiety would exhibit reduced resting-state HRV,

relative to a control group. We also predicted that gender may

moderate these differences between groups. Further, we hypoth-

esized that reduced resting-state HRV may be associated with

clinical measures of symptom severity and functioning.

Methods

Ethics Statement
This study was approved by the University of Sydney’s Human

Research Ethics Committee (12810), with all participants provid-

ing written informed consent.

Participants
Participants in the social anxiety group (SAD) were recruited

through the Anxiety Clinic at the Brain & Mind Research Institute

(n= 80) between May 2011 and October 2012. Individuals were

seeking treatment for specific social anxiety group treatment

program, self-referred or referred by a mental health professional.

Exclusion included presence of any medical conditions that may

influence cardiovascular functioning (e.g. diabetes, deep vein

thrombosis, immune disorders), missing interbeat interval (IBI)

data, previous participation in social anxiety group treatment, and

social anxiety not meeting criteria for a primary disorder, leaving a

final sample of n= 53.

Of this sample, 83% of SAD participants (n = 44) were

comorbid with at least one other Axis I disorder. Six participants

met criteria for substance dependence (alcohol or cannabis), with

two casual cannabis users and nine regular smokers (defined as

daily cigarette consumption); 55% of participants (n= 29) were

taking at least one or more psychotropic medications (combina-

tions of antidepressants, mood stabilizers, antipsychotics, and

benzodiazepines). Other medications reported being used on the

day of testing included oral contraceptives, health supplements

(e.g. fish oil, St Johns Wort), pain relievers (e.g. paracetemol),

substance withdrawal treatment (e.g. Disulfiram), asthma treat-

ment (e.g. Ventolin), and antibiotics.

Control participants were students from the University of

Sydney or individuals recruited from the general community using

newspaper advertisements. Exclusion criteria included current or

history of any psychiatric illness, current use of psychotropic

medications, current medical conditions that could influence

cardiovascular functioning, and equipment problems. We selected

a sample of these participants, individually matching for gender,

and matched groups for age, leaving a final sample of n= 53.

Medications used in the control group included oral contracep-

tives, pain relievers, asthma treatments, and heartburn medica-

tion, with three casual cannabis users and four regular smokers.

Materials
Clinical participants met criteria for a primary diagnosis of

Social Anxiety Disorder as assessed by authors GAA, AJG, or

trained research psychologists, using the Anxiety Disorders

Interview Schedule for Adults [17] and DSM-IV-TR criteria

[18]. Control participants were assessed by a brief self-report

interview to ensure no current or history of any mental illness,

based on the screening tool for the Structured Clinical Interview

for DSM-IV-TR [19].

Self-report questionnaires completed by all participants

included the Depression, Anxiety, Stress scale (DASS, 21 items,

three subscales [20]), Social Phobia Anxiety Inventory 23-item

version (SPAI [21]), Alcohol Use Disorder Identification Test

(AUDIT [22]), and the International Physical Activity Ques-

tionnaire [23]. The DASS measures the tripartite negative

emotional states of depression, anxiety, and stress experienced in

the last week, with high internal consistency and reliability [24].

The shorter version of the SPAI utilized in this study was a
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brief measure of cognitive, behavioral, and somatic symptoms

associated with social anxiety, which also differentiates symp-

toms associated with agoraphobia. This version has good

discriminability between nonclinical students and individuals

with social anxiety, compared to the original 45-item version,

and acceptable convergent validity with other measures of social

anxiety [25]. The AUDIT was utilized as a screening tool for

the identification of potential alcohol abuse or dependence. The

consumption subscale utilizes the first three items of the AUDIT

that reliably identifies hazardous drinking levels, more indicative

of a possible active alcohol use disorder. Additionally, the IPAQ

short-form was used to measure overall energy expenditure, in

minutes of metabolic expenditure (MET), based on levels of

physical activity intensity [23].

Additional questionnaires obtained from the social anxiety

group that measured symptoms of social anxiety were the Social

Interaction Anxiety Scale and Social Phobia Scale (SIAS and

SPS, respectively [26]), and the Liebowitz Social Anxiety Scale

(LSAS [27]), whilst the Kessler psychological distress scale (K10

[28]) was included as a brief screening tool for the presence of

mental health concerns, assessing levels of anxiety and

depressive symptoms. The SIAS assesses anxiety and distress

associated with social interactions, whilst the companion SPS

measures anxiety when being observed, or anticipation of being

observed, in social situations. The LSAS more specifically asks

individuals to differentially rate their fear and avoidance of

situations involving performance (e.g. public speaking), being

observed, drinking or eating in public, or general social

interactions. Missing values within questionnaires (,20%) were

replaced with the mean for that scale or subscale, an imputation

strategy that is valid for smaller percentages of missing data

[29]. Missing questionnaires, or questionnaires with more than

20% of missing values, were excluded listwise from analyses.

IBIs were measured for 5 minutes via the Polar RS800CX

(Polar Electro Oy, Kempele, Finland; 1000 Hz) heart rate

monitor. This system wirelessly collects heart rate data from a

two-lead chest strap. Whilst there has been debate over the validity

of measuring R-R intervals with Polar monitors [30,31], mobile

devices have been shown to provide accurate and reliable data on

par with that collected in electrocardiogram recordings [32]. In

particular, Weippert and colleagues demonstrated excellent

agreement between Polar monitors and traditional ECGs, when

comparing simultaneous R-R interval recordings between the two

devices [28].

Procedure
After obtaining consent, all participants completed a standard-

ized research assessment, with SAD participants completing the

assessment in the week before or after the first group therapy

session they were enrolled in. Both groups completed basic

demographic questions, including questions about smoking

patterns, drug and alcohol consumption, and medication use, as

well as other self-report measures before heart rate measurements

were collected. The SAD group completed the additional

questionnaires no more than two weeks after this assessment.

Height and weight were also measured to calculate body mass

index (BMI). Both groups were instructed to abstain from caffeine,

alcohol, and illicit substances on the day of, and from food and

drink (other than water) for two hours prior to, testing.

Following an initial resting period lasting between 2 and 3

minutes, 5-minute IBI recordings were made during a relaxed,

seated resting-state. Participants were instructed to sit quietly

with their eyes open for the entire duration of recording. No

instructions were made about breathing rate; participants were

allowed to breathe spontaneously during the recording period.

Although controlling for respiration rate has been subject to

some discussion recently, it has been argued that respiration

rate does not affect short-term, resting state HRV recordings, as

long as a sufficient acclimatization period occurs prior to

recording [33].

Physiological Data Processing
Raw heart rate data was extracted as a text file from Polar

ProTrainer (version 5, Polar Electro Oy, Kempele, Finland) and

imported into Kubios (version 2.0, 2008, Biosignal Analysis and

Medical Imaging Group, University of Kuopio, Finland, MA-

TLAB). All 5 minute samples were initially processed with an

automatic filter to remove potential artifacts. Artifact removal was

confirmed via visual inspection after processing by authors GAA

and DSQ. Kubios was then used to calculate time, frequency, and

non-linear HRV measures. IBIs were calculated and transformed

into beats per minute for an estimate of mean heart rate (MHR).

The two time-domain measures calculated using IBIs included the

standard deviation of all R-R intervals (SDNN) and the square

root of the mean-squared differences between successive R-R

intervals (RMSSD). The frequency domain measures were

calculated as absolute powers of the power spectrum density in

the high frequency (HF; 0.15–0.4 Hz) and low frequency (LF;

0.04–0.15 Hz) bands using the Fast Fourier transform. The HF

component of the power spectrum reflects parasympathetic

activity, whilst the LF component is argued to reflect a mixture

of vagal and sympathetic influences [8]. The standard deviation of

the Poincaré plot perpendicular to the line of identity (PCSD1) is a

non-linear measure plotting each R-R interval as a function of the

next R-R interval, with the standard deviation of this plot

representing parasympathetic activity caused by respiratory sinus

arrhythmia. Detrended fluctuation analysis (short-fluctuation

slope, DFAa1) is a second non-linear variable that measures the

correlation between successive R-R intervals; lower values indicate

increased variability.

Statistical Analyses
Analyses were conducted in SPSS (version 20) with significance

set at p,.05. Independent samples t-tests compared differences

between the social anxiety group and controls on baseline

measures. Where Levene’s test for equality of variances was

significant, adjusted p-values are reported. Chi-squared tests were

conducted on gender, smoking status, and medication use. Tests

were conducted to ensure that underlying assumptions for

between-group analyses were not violated. According to the

Kolmogorov-Smirnov statistic, all HRV measures, except for

DFAa1 were not normally distributed with kurtosis statistics

indicative of significant positive skew. Therefore a logarithmic

transformation to base 10 was applied after which all values were

normally distributed with no evidence of significant skew. All

HRV variables were then tested within multivariate analyses of

variance, with Group (SAD vs. control) and Gender as between-

group variables. Cohen’s d was used as an effect size estimate

between groups, with effects sizes of d= .2 interpreted as small,

d= .5 medium, and d= .8 large [34]. All correlational analyses

were conducted with Pearson correlations, two-tailed. The

correlation coefficient was interpreted as r= .5 large, r= .3

medium, and r= .10 small [34]. Analyses aimed to investigate (a)

whether HRV differed between social anxiety and controls; (b)

whether gender moderated a main effect of group; (c) the impact

of comorbidity and medication use; and (d) associations with

clinical measures of self-reported symptoms.

Reduced HRV in Social Anxiety
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Results

Participant Characteristics
Table 1 presents participant characteristics for the SAD and

control groups, separated by gender. Of note, the SAD group had

a significantly higher BMI than controls (F(1, 99) = 5.46, p= .02).

Although decreases in HRV have been associated with age

[35,36], mixed evidence exists about relationships with BMI or

physical fitness [36,37]. In terms of gender, there were no

significant differences between males and females in age, BMI, or

smoking use. However, females reported slightly higher anxiety (as

measured by the DASS-A;, (F(1, 102) = 3.13, p= .08), and

significantly higher stress (DASS-S; F(1, 102) = 4.33, p= .04), and

specific social anxiety (SPAI; F(1, 100) = 4.63, p= .03).

In the SAD group, females reported significantly higher social

interaction anxiety compared to males (SIAS; t(47) = 2.01, p= .05),

with a trend towards higher specific social anxiety (SPAI social

phobia subscale; t(49) = 1.92, p= .06) and significantly higher

psychological distress (k10; t(47) = 2.39, p= .02). There were less

non-medicated (n = 6) than medicated (n = 18) females, compared

to males (medicated n = 14, non-medicated n = 15; X2 (1) = 3.92,

p= .05). There were no significant differences between males and

females in number of comorbid disorders, and no significant

correlations between age, BMI, and any of the symptom measures;

all p-values ..05.

Between Group Differences in HRV
Overall multivariate ANOVA, with Group (SAD, Control) and

Gender (Male, Female) as between-subjects variables, revealed

significant differences across the log-transformed HRV measures

in the SAD group, relative to controls (F(6, 97) = 2.58, p= .02), as

well as significant differences between females compared to males

(F(6, 97) = 7.11, p,.001). Although there was no overall significant

interaction between group and gender (F(6, 97) = 1.30, p= .26),

given our planned comparisons, we continued to follow-up on

these main effects of group and gender.

Between the SAD and control groups, significant reductions

were observed for RMSSD, HF, and PCSD1, and significant

increases in DFAa1 and mean heart rate; see Table 2. Averaged

across groups, females exhibited increased heart rate (F(1,

102) = 7.34, p= .008, d= .53) and DFAa1 (F(1, 102) = 7.11,

p= .009, d= .50), with decreased SDNN (F(1, 102) = 4.98,

p= .028, d= .44) and LF (F(1, 102) = 12.89, p= .001, d= .72); see

Figure 1 (also see Table S1 for untransformed means and standard

deviations of heart rate variables).

Post-hoc MANOVAs split by gender indicated that, compared

to females in the control group, females with SAD exhibited

significantly lower SDNN (F(1, 40) = 4.37, p= .043, d= .64),

RMSSD (F(1, 40) = 4.14, p= .049, d= .63), PCSD1 (F(1,

40) = 4.14, p= .049, d= .63), and significantly higher mean heart

rate (F(1, 40) = 5.34, p= .026, d= .71) and DFAa1 (F(1, 40) = 4.15,

p= .048, d= .63). A trend was exhibited for reduced HF in females

with SAD compared to female controls (F(1, 40) = 3.28, p= .078,

d= .63). There were no significant differences on any HRV

measure between males in the SAD and control groups, smallest p-

value = .13. As can be seen in Figure 1, reductions in HRV were

observed in females with social anxiety compared to females in the

control group.

Associations between Medication, Comorbidity, and HRV
There were no significant correlations observed between age,

BMI, and any HRV measure within the SAD group, all p-values

..05. Number of comorbid disorders also did not correlate with

any HRV measure. Participants using psychotropic medications

were taking between one and three medications on the day of

physiological data recording (n= 30), including antidepressants

(n= 28), mood stabilizers (n= 11), antipsychotics (n= 5), and

benzodiazepines (n= 2). Compared to those participants who were

not medicated, medicated SAD participants exhibited significant

reductions in SDNN (F(1, 51) = 7.02, p= .01, d= .73), RMSSD

(F(1, 51) = 6.79, p= .01, d= .72), and PCSD1 (F(1, 51) = 6.80,

p= .01, d= .72), with significant increases in mean heart rate (F(1,

51) = 8.96, p= .004, d= .82), and DFAa1 (F(1, 51) = 3.99, p= .05,

d= .54). Independent samples t-tests indicated that medicated

participants reported significantly higher levels of harmful drinking

(AUDIT, t(37.59) = 2.23, p= .02, d= .65), and greater anxiety

(DASS-A, t(51) = 2.03, p= .05, d= .57), with no other significant

differences in symptom measures between groups. Chi-squared

analysis revealed a borderline significant difference in the

proportion of females medicated (71.4%) compared to males

Table 1. Participant characteristics.

SAD Control p values

Male Female Male Female

(n=32) (n=21) (n=32) (n=21) Group Gender Group6Gender

Age 25.66 (5.77) 23.57 (6.09) 25.44 (8.30) 22.95 (6.45) .76 .10 .88

BMIa 24.19 (3.46) 25.63 (6.12) 23.95 (3.12) 22.13 (3.18) .02 .81 .04

SPAIb 53.76 (14.79) 61.17 (15.02) 14.53 (10.15) 17.90 (9.16) ,.001 .03 .42

DASS-D 21.03 (8.05) 23.81 (9.84) 5.62 (6.23) 5.27 (4.31) ,.001 .41 .29

DASS-A 16.00 (8.25) 20.76 (9.87) 4.69 (6.52) 5.32 (5.61) ,.001 .08 .18

DASS-S 20.75 (8.00) 24.19 (10.99) 6.94 (7.55) 10.48 (7.45) ,.001 .04 .97

AUDIT-Cc 4.06 (3.58) 3.14 (2.43) 5.00 (3.01) 3.05 (2.56) .49 .02 .39

METd 3385.93 (3015.07) 2367.71 (3785.12) 3189.60 (1861.31) 4093.88 (4003.13) .25 .93 .14

Smoke (yes/no) 6/32 3/21 4/32 1/21 .26 .36 –

Note. Numbers depict means (and standard deviations) or numbers in each category. Significance values taken from main and interaction ANOVA tests or chi-squared
tests. BMI = Body Mass Index in kg/m2; SPAI = Social Phobia Anxiety Inventory, 23-item version, total score summing social anxiety and agoraphobia subscales;
DASS =Depression, Anxiety, Stress scales, 21-item version; AUDIT-C =Alcohol Use Disorder Identification Test, consumption subscale; MET = estimate of metabolic
energy expenditure in minutes per week. aSAD group n= 51 bSAD group n= 50 cSAD group n= 52 dSAD group n= 48, Control group n= 51.
doi:10.1371/journal.pone.0070468.t001
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(43.8%) (X2 (1) = 3.92, p= .05). There were also a greater

proportion of comorbid medicated participants (96.6%) compared

to those that were not medicated (66.7%) (X2 (1) = 8.32, p= .004).

HRV and Symptom Severity
Bivariate correlations examined relationships between HRV

and symptom severity, see Table 3. In particular, reduced HRV

(notably, SDNN, RMSSD, and PCSD1) was associated with

increasing self-reported symptom severity as measured by the

SPAI, DASS-A and DASS-S, LSAS, and SIAS. These significant

correlations were associated with a moderate effect size [28].

Additional significant moderate effects were found between HRV

and increasing harmful alcohol use, particularly for increases in

mean heart rate and DFAa1. Lastly, increased psychological

distress, using the k10, was moderately associated with reduced

HRV (r coefficients between 2.32 and 2.37).

Discussion

In the present study, we provide evidence that patients

diagnosed with social anxiety disorder exhibit reduced HRV in

comparison to controls. These reductions were associated with

small to moderate effect sizes. Although no significant interaction

was found between group and gender, we observed a specific

reduction across a number of HRV measures for females with

social anxiety disorder, compared to controls. Most importantly,

we found that autonomic dysfunction was associated with

increasing levels of social anxiety symptoms, as well as psycholog-

ical distress and alcohol use. Of note, these significant associations

were only found for social anxiety, but not depressive, symptoms.

Polyvagal theory predicts that variability in vagal tone reflects the

capacity for social engagement [7]. In line with this, the present

study demonstrates that social interaction anxiety was related to

reduced HRV. Greater reductions in HRV in the clinical group

were associated with increasing severity of social interaction

anxiety, fear, and avoidance.

We also conducted analysis to explore the influence of gender

on HRV. Previous evidence suggests that females exhibit greater

parasympathetic activity at rest, with greater sympathetic activity

found in males (reviewed in [14,15]). Consistent with previous

findings [10,36,38], we found that females, on average, exhibited

higher resting mean heart rate and reductions across a number of

HRV measures. However, the specific finding that females with

social anxiety displayed reductions in HRV, compared to female

controls, may indicate a greater sensitivity to the effects of social

anxiety on parasympathetic nervous system reactivity. Interest-

ingly, this difference was not observed in males with social anxiety,

compared to controls, nor were there any significant interactions

between group and gender. More pronounced reductions in HRV

have also been previously observed in females with social anxiety,

although this was in a geriatric sample [11]. Some neural evidence

suggests that there may be gender differences when examining

associations between HRV and functional activity in particular

neural regions within social anxiety [39]. The results from the

present study extend upon such evidence to suggest that females

with social anxiety exhibit reductions in resting HRV that may

imply an increased greater cardiovascular risk in this population.

Although a number of explanations may exist for reduced HRV

in the medicated SAD participants, results suggest that this group

exhibited a higher proportion of comorbid disorders and higher

alcohol use. This finding, in combination with our previous work

[40,41] may suggest that the reductions in HRV are due to the

combined effects of comorbidity and harmful alcohol use, rather

than the effects of medication per se. Given that anxiety disorders

are highly comorbid with depression [4], there may be a shared

similarity across these comorbid disorders in reduced HRV that

may also underlie a common risk factor for CVD. Further, alcohol

consumption reduces neural control over cardiac activity, which

acts to reduce HRV; repeated activation of this network through

increasing harmful alcohol use may lead to chronic reductions in

HRV [7]. As social anxiety is associated with significant

comorbidity with alcohol use disorders [42], a lack of autonomic

flexibility in medicated social anxiety patients may reflect

underlying increased anxiety associated with social interaction

and chronic alcohol use.

The significant associations we observed between reduced HRV

and increased symptom severity have implications for the potential

use of HRV as a marker of treatment response. For example,

increases in HRV have been associated with positive response to

cognitive treatments in panic disorder, with benefits over

antidepressants [43,44]. It would therefore be of interest to

examine whether changes in social anxiety symptoms may also be

reflected in greater reductions in HRV. A recently published study

found that reductions in self-reported social anxiety due to

psychological treatment were best predicted by change in cardiac

vagal tone over time [13]. Thus parasympathetic reactivity may

help to predict treatment responders in social anxiety disorder.

Further, targeted interventions aimed at enhancing HRV may also

impact upon anxiety symptoms. For example, Zen meditation [45]

Figure 1. Comparison of resting heart rate variability between males and females with social anxiety, compared to controls, across
mean heart rate (row 1), as well as time (row 2), frequency (row 3), and non-linear (row 4) domains. Note. All variables are log-
transformed (base 10), except for A (which depicts untransformed beats per minute). Error bars depict standard error of the mean. Significance taken
from multivariate analysis of variance with group and gender entered as between subjects variables. Significance tests were not conducted on
untransformed mean heart rate. MHR=mean heart rate, beats/min, SDNN= standard deviation of all R-R intervals, RMSSD= square root of mean
squared differences of successive R-R intervals, LF = low frequency, HF = high frequency, PCSD1= standard deviation of the Poincaré plot
perpendicular to the line of identity, DFAa1= detrended fluctuation analysis of the short-fluctuation slope. *p,.05, **p,.01.
doi:10.1371/journal.pone.0070468.g001

Table 2. Log–transformed HRV between groups.

SAD Control
p value
F(1, 104) Cohen’s d

MHR 1.87 (0.07) 1.83 (0.06) .009 .62

SDNN 1.72 (0.19) 1.76 (0.20) .153 .21

RMSSD 1.52 (0.27) 1.63 (0.27) .032 .41

HF 2.64 (0.55) 2.85 (0.59) .044 .37

LF 2.84 (0.50) 2.96 (0.47) .160 .25

PCSD1 1.37 (0.27) 1.48 (0.27) .032 .41

DFAa1 0.07 (0.12) 0.01 (0.13) .008 .48

Note. Variables are log-transformed (base 10) and depict means (standard
deviations). Significance values taken from multivariate analysis of variance with
group and gender entered as between subjects variables. MHR=mean heart
rate, beats/min, SDNN= standard deviation of all R-R intervals, RMSSD= square
root of mean squared differences of successive R-R intervals, LF = low
frequency, HF = high frequency, PCSD1 = standard deviation of the Poincaré
plot perpendicular to the line of identity, DFAa1 = detrended fluctuation
analysis of the short-fluctuation slope.
doi:10.1371/journal.pone.0070468.t002
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and slow breathing [46] can increase HRV in anxious populations.

As anxiety is associated with increased mortality and risk for CVD

[1,47], any psychological or pharmacological intervention that

successfully modulates vagal tone may also result in longer-term

cardioprotective effects. Thus, we intend to investigate in future

studies whether successful treatment in social anxiety may be

indexed by increased HRV, as well as whether HRV may

represent a predictive marker for those who respond best to

treatment.

There are a number of limitations to the interpretation of the

results from the present study. Firstly, the SAD group exhibited a

significantly higher BMI than controls. Although mixed evidence

exists about the relationship of BMI to HRV, more robust

evidence has found associations between age and HRV [36].

Importantly, however, age and BMI did not significantly correlate

with any of our HRV measures. Secondly, whilst the SAD group

exhibited a high degree of comorbidity and medication use, this

pattern was consistent with treatment-seeking participants recruit-

ed from the community [48]. A third point pertains to the

significant medication use exhibited in female, compared to male,

social anxiety participants which may partially explain HRV

reductions within this group. Due to limited power in the

unmedicated female group (n= 6), we were unable to conduct

analyses comparing medicated and unmedicated females. Al-

though we believe that use of this sample of patients increases the

generalizability of these findings, further research employing larger

samples are required to explore the influence of gender,

comorbidity, and medication use on cardiac control in social

anxiety. Lastly, a number of studies examining differences in

resting-state HRV between groups have argued for the need to

statistically control for factors such as smoking use, levels of

physical activity, age, and other factors associated with differences

in HRV (e.g. [10]). As we have previously argued [49], these

studies suffer from an erroneous application of ANCOVA.

ANCOVA is a commonly used analytic procedure in psychiatry

research to statistically covary for differences between groups.

However, as these groups are not randomly assigned, the

covariate(s) are likely to share variance with the group factor

and thus the association between the dependent variable and

group can be reversed, reduced, or enhanced by the addition of

one or more covariates. As such, the use of such an analytic

strategy would only further complicate interpretation of the above

analyses.

In conclusion, the present study demonstrated that social

anxiety is characterized by reductions in HRV, with decreased

HRV in socially anxious females, and that these reductions are

associated with increased social anxiety symptoms. Clinicians may

need to consider reducing risk factors associated with CVD in

addition to specific anxiety treatment, including modifiable risk

factors (for example, changing diet, exercise, or smoking). Further

research is now needed to determine whether treatments targeting

HRV may positively impact upon social anxiety symptom severity

and whether successful treatment of social anxiety or mood

symptoms using psychological treatments (for example, Cognitive-

Behaviour Therapy) may improve HRV and associated physical

health outcomes.
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Table S1 Means (and standard deviations) for heart
rate variables prior to log-transformation. Note.
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differences of successive R-R intervals, LF = low frequency,

HF = high frequency, PCSD1 = standard deviation of the

Poincaré plot perpendicular to the line of identity, DFAa1 =

detrended fluctuation analysis of the short-fluctuation slope.
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Table 3. Bivariate correlation coefficients between HRV and symptom severity measures.

SPAIa DASS-D DASS-A DASS-S LSASb SIASc SPSc AUDITd K10c

MHR .15 .02 .32* .16 .13 .13 .15 .44** .21

SDNN 2.30* 2.27* 2.26 2.07 2.32* 2.35* 2.28 2.28* 2.37**

RMSSD 2.30* 2.34* 2.32* 2.13 2.37** 2.38** 2.25 2.34* 2.32*

HF .18 2.25 2.26 2.12 2.27 2.35* 2.17 2.23 2.22

LF 2.24 2.23 2.18 2.05 2.27 2.32* 2.19 2.08 2.34*

PCSD1 2.30* 2.34* 2.32* 2.13 2.37** 2.38* 2.25 2.34* 2.32*

DFAa1 2.09 .22 .27* .22 .15 .10 .07 .37** .11

Note. HRV measures are log transformed. SPAI = Social Phobia Anxiety Inventory, 23-item version; DASS =Depression, Anxiety, and Stress Scale; LSAS = Liebowitz Social
Anxiety Scale; SIAS = Social Interaction Anxiety Scale; SPS = Social Phobia Scale; AUDIT =Alcohol Use Disorders Identification Test; k10 = Kessler psychological distress
scale, 10-items.
*p,.05,
**p,.01 (two-tailed).
an= 51;
bn=50;
cn= 49;
dn=52.
doi:10.1371/journal.pone.0070468.t003

Reduced HRV in Social Anxiety

PLOS ONE | www.plosone.org 7 July 2013 | Volume 8 | Issue 7 | e70468



References

1. Kawachi I, Sparrow D, Vokonas P, Weiss S (1994) Symptoms of anxiety and risk

of coronary heart disease. The Normative Aging Study. Circulation 90: 2225–

2229.

2. Friedman B (2007) An autonomic flexibility–neurovisceral integration model of

anxiety and cardiac vagal tone. Biological Psychology 74: 185–199.

3. Vogelzangs N, Seldenrijk A, Beekman ATF, van Hout HPJ, de Jonge P, et al.

(2010) Cardiovascular disease in persons with depressive and anxiety disorders.

Journal of Affective Disorders 125: 241–248.

4. Kessler RC, Berglund P, Demler O, Jin R, Merikangas K, et al. (2005) Lifetime

prevalence and age-of-onset distributions of DSM-IV disorders in the National

Comorbidity Survey Replication. Archives of General Psychiatry 62: 593–602.

5. Clark DM, Wells A (1995) A cognitive model of social phobia. In: Heimberg R,

Liebowitz M, Hope DA, Schneier FR, editors. Social phobia: Diagnosis,

assessment and treatment. New York: Guilford Press. 69–93.

6. Porges SW (1995) Orienting in a defensive world: Mammalian modifications of

our evolutionary heritage. A polyvagal theory. Psychophysiology 32: 301–318.

7. Porges SW (2006) Emotion: an evolutionary by-product of the neural regulation

of the autonomic nervous system. Annals of the New York Academy of Sciences

807: 62–77.

8. Berntson G, Bigger J, Eckberg D, Grossman P, Kaufmann P, et al. (1997) Heart

rate variability: origins, methods, and interpretive caveats. Psychophysiology 34:

623–648.

9. Thayer JF, Yamamoto SS, Brosschot JF (2010) The relationship of autonomic

imbalance, heart rate variability and cardiovascular disease risk factors.

International Journal of Cardiology 141: 122–131.

10. Licht CMM, de Geus EJC, van Dyck R, Penninx BWJH (2009) Association

between anxiety disorders and heart rate variability in The Netherlands Study of

Depression and Anxiety (NESDA). Psychosomatic Medicine 71: 508–518.

11. Grossman P, Wilhelm F, Kawachi I (2001) Gender differences in psychophys-

iological responses to speech stress among older social phobics: congruence and

incongruence between self-evaluative and cardiovascular reactions. Psychoso-

matic Medicine 63: 765–777.

12. Pittig A, Arch JJ, Lam CWR, Craske MG (2013) Heart rate and heart rate

variability in panic, social anxiety, obsessive–compulsive, and generalized

anxiety disorders at baseline and in response to relaxation and hyperventilation.

International Journal of Psychophysiology 87: 19–27.

13. Mathewson KJ, Schmidt LA, Miskovic V, Santesso DL, Duku E, et al. (2013)

Does respiratory sinus arrhythmia (RSA) predict anxiety reduction during

cognitive behavioral therapy (CBT) for social anxiety disorder (SAD)?

International Journal of Psychophysiology 88: 171–181.

14. Dart AM, Du X-J, Kingwell BA (2002) Gender, sex hormones and autonomic

nervous control of the cardiovascular system. Cardiovascular Research 53: 678–

687.

15. Koskinen T, Kähönen M, Jula A, Laitinen T, Keltikangas-Järvinen L, et al.

(2009) Short-term heart rate variability in healthy young adults: the

Cardiovascular Risk in Young Finns Study. Autonomic Neuroscience 145:

81–88.

16. Epstein FH, Mendelsohn ME, Karas RH (1999) The protective effects of

estrogen on the cardiovascular system. New England Journal of Medicine 340:

1801–1811.

17. Brown T, Di Nardo PA, Barlow DH (1994) Anxiety Disorders Interview

Schedule Adult Version (ADIS-IV). San Antonio, TX: Psychological Corpora-

tion/Graywind Publications Incorporated.

18. APA (2000) Diagnostic and Statistical Manual of Mental Disorders. Fourth

Edition, Text Revision. Washington DC: American Psychiatric Association.

19. First MB, Spitzer RL, Gibbon M, Williams JB (2007) Structured Clinical

Interview for DSM-IV-TR Axis I Disorders, Research Version, Non-patient

Edition. (SCID-I/NP). New York: Biometrics Research, New York State

Psychiatric Institute.

20. Lovibond PF, Lovibond SH (1995) The structure of negative emotional states:

comparison of the Depression Anxiety Stress Scales (DASS) with the Beck

Depression and Anxiety Inventories. Behavior Research and Therapy 33: 335–

343.

21. Roberson-Nay R, Strong DR, Nay WT, Beidel DC, Turner SM (2007)

Development of an abbreviated Social Phobia and Anxiety Inventory (SPAI)

using item response theory: The SPAI-23. Psychological Assessment 19: 133–

145.

22. Saunders JB, Aasland OG, Babor TF, De La Fuente JR, Grant M (1993)

Development of the Alcohol Use Disorders Identification Test (AUDIT): WHO

Collaborative Project on Early Detection of Persons with Harmful Alcohol

Consumption-II. Addiction 88: 791–804.
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