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Social anxiety symptoms, heart rate variability, and vocal
emotion recognition in women: evidence for
parasympathetically-mediated positivity bias
Annelise Madison a,b, Michael Vasey b, Charles F. Emery a,b and
Janice K. Kiecolt-Glaser a,c

aInstitute for Behavioral Medicine Research, The Ohio State University, Columbus, OH, USA; bDepartment of
Psychology, The Ohio State University, Columbus, OH, USA; cDepartment of Psychiatry and Behavioral Health, The
Ohio State University Harding Hospital, Columbus, OH, USA

ABSTRACT
Background and Objectives: Individuals with social anxiety disorder
show pronounced perceptual biases in social contexts, such as being
hypervigilant to threat and discounting positive social cues.
Parasympathetic activity influences responses to the social environment
and may underlie these biases. This study examined the associations
among social anxiety symptoms, heart rate variability (HRV), and vocal
emotion recognition.
Design and Method: Female undergraduate students (N = 124) self-
reported their social anxiety symptoms using the Social Anxiety
Disorder Dimensional Scale and completed a computerized vocal
emotion recognition task using stimuli from the Ryerson Audio-Visual
Database of Emotional Speech and Song stimulus set. HRV was
measured at baseline and during the emotion recognition task.
Results: Women with more social anxiety symptoms had higher emotion
recognition accuracy (p = .021) and rated positive stimuli as less intense
(p = .032). Additionally, although those with greater social anxiety
symptoms did not have lower resting HRV (p = .459), they did have
lower task HRV (p = .026), which mediated their lower positivity bias
and greater recognition accuracy.
Conclusions: A parasympathetically-mediated positivity biasmay indicate
or facilitate normal social functioning inwomen. Additionally, HRV during a
symptom- or disorder-relevant task may predict task performance and
reveal parasympathetic differences that are not found at baseline.

Abbreviations: HRV = heart rate variability; RMSSD = root-mean squares
of successive differences; SAD = social anxiety disorder; SAD-D = social
anxiety disorder dimensional scale
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Accurate emotion identification is critical to healthy social functioning. People with social anxiety
disorder (SAD) have specific perceptual biases that influence emotion recognition. For instance,
many studies have shown that those with SAD have poorer emotion recognition accuracy (Deme-
nescu et al., 2010), albeit with some null findings (Arrais et al., 2010). Individuals with SAD are
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more attentive to threat (Joormann & Gotlib, 2006; Mogg et al., 2004), andmore likely to label neutral
or ambiguous stimuli as negative (Maoz et al., 2016; Mohlman et al., 2007).

People with SAD also may exhibit unique biases when processing vocal (auditory) stimuli. Such
biases are especially important in the context of non face-to-face communication (e.g., phone con-
versations). However, a 2001 literature review acknowledged the paucity of work in this domain
(Heinrichs & Hofmann, 2001). Since then, three studies have attempted to address this gap (Peschard
& Philippot, 2017; Quadflieg et al., 2007; Tseng et al., 2017). One study found that those who scored
high on a social anxiety self-report measure were more likely to label neutral vocal stimuli with nega-
tive emotions, showing a negativity bias compared to their less-anxious peers (Peschard & Philippot,
2017). Another found that those with SAD took longer to classify fearful vocal stimuli (Tseng et al.,
2017). In a paradigm most similar to the current study, Quadflieg et al. (2007) found that those with
SAD correctly recognized more sad and fearful voices and fewer happy voices than controls, yet
there were no between-group differences in the identification of neutral, disgust, and angry
prosody or in ratings of stimuli intensity in this small sample. Thus, prior research suggests that
those with clinical levels of social anxiety may struggle to identify positive vocal stimuli and tend
to negatively label neutral or ambiguous stimuli, an imbalance that could fuel social avoidance.
However, due to methodological limitations of prior research (e.g., small samples, categorical
rather than dimensional approach to measuring social anxiety, non-matching speaker/listener
sex), further examination of the perceptual biases among individuals with SAD is needed, with a
focus on mechanisms linking SAD with emotional recognition.

Parasympathetic activity positively tracks with emotion recognition ability (Park et al., 2012; Quin-
tana et al., 2012). In fact, recent evidence suggests that the vagus nerve can causally influence
emotion recognition ability; compared to sham stimulation, vagus nerve stimulation boosted
emotion recognition (Colzato et al., 2017). The vagus nerve’s activity can be measured non-invasively
by looking at the variation of time between each heartbeat, called heart rate variability (HRV), which
indexes vagal control over the heart (Thayer & Sternberg, 2006). Higher resting HRV is associated
with better regulation of emotions and responsivity to environmental demands, including and
perhaps especially social threats (Porges, 2001), due to greater integration of cortical and subcortical
(e.g., limbic) structures (Thayer & Lane, 2009). Conversely, lower resting HRV indicates poorer inte-
gration, and, consequently, less flexibility in responding to environmental demands. Important to
the current study, lower resting HRV predicts poorer emotion recognition accuracy (Lischke et al.,
2017; Quintana et al., 2012).

There is mixed evidence concerning the relationship of SAD to resting HRV, but meta-analytic evi-
dence suggests that SAD is linked to lower HRV (Chalmers et al., 2014). Even so, SAD’s physiological
impact may be most evident during disorder-relevant (i.e., social) tasks. For instance, compared to
healthy controls, those with anxiety and depression had at least marginally lower HRV indices
during a psychiatric interview but not during a general interview or continuous performance test
(Hu et al., 2016). Similarly, compared to their less neurotic peers, those with high levels of neuroti-
cism did not have lower HRV at rest, but did have lower HRV when actively regulating their emotions
(Di Simplicio et al., 2012). Notably, HRV during an emotional image processing task was able to dis-
criminate depressed individuals from non-depressed individuals with 90% accuracy (Xing et al.,
2019). Further research is needed to investigate the concurrent and predictive validity of task HRV.

The current study

To further evaluate perceptual biases along the continuum of social anxiety symptoms, the current
study assessed the relationships among social anxiety symptomatology, parasympathetic activity as
indexed by HRV, and vocal emotional recognition in female undergraduate students. Both task and
resting HRV were explored as physiological mediators of emotion recognition, and the non-clinical
sample provided a continuum of social anxiety symptoms. Additionally, the study sample, the actors
who recorded the vocal stimuli, and the experimenters were all women to eliminate the potential

2 A. MADISON ET AL.



confound of sex (McKeown et al., 2015). To bolster external validity, content-neutral vocal stimuli
were used, rather than the nonsensical vocalizations used in prior studies.

We hypothesized that women with greater social anxiety symptoms would less accurately identify
positive stimuli, more accurately identify negative stimuli, label more neutral stimuli as negative
(i.e., greater negativity bias), label fewer neutral stimuli as positive (i.e., lower positivity bias), rate
negative stimuli as more intense (i.e., greater negativity bias), and rate positive stimuli as less
intense (i.e., lower positivity bias) than their peers with fewer social anxiety symptoms. We made
no hypothesis about overall emotion recognition accuracy due to prior conflicting findings (Arrais
et al., 2010; Demenescu et al., 2010). Additionally, we hypothesized that higher social anxiety
would relate to lower HRV during the emotion recognition task, which would mediate these out-
comes (see Table 1 for hypotheses).

Method

The study was approved by the Institutional Review Board at Ohio State University. Prior to
recruitment, hypotheses were pre-specified and an a priori power analysis was conducted with
G-Power 3. Previous work among clinical samples demonstrated that social anxiety had a
medium effect on negativity bias (Cohen’s d = 0.54; Peschard & Philippot, 2017), a small effect
on positivity bias (r =−.39; Quadflieg et al., 2007), a small effect on intensity ratings for negative
stimuli (r = .22; Schofield et al., 2007), a medium effect on intensity ratings for positive stimuli
(η2= 0.10; Yoon & Zinbarg, 2009), large effects on recognition accuracy for negative stimuli
(Cohen’s d = 0.85) and positive stimuli (Cohen’s d =−0.90; Quadflieg et al., 2007), and a
medium effect on resting HRV (Cohen’s d =−0.58; Alvares et al., 2013). Additionally, resting
HRV had a large effect on positive stimuli recognition accuracy (q = 0.57; Lischke et al., 2017),
but our other hypotheses were exploratory due to a lack of relevant prior data. Because our
sample was non-clinical, we estimated that the effect sizes might be smaller (i.e., f2= 0.08).
Using linear regression with a two-tailed test of the hypothesis, at least 101 participants were
needed to achieve 80% power for all hypotheses. However, in the mediation models, based
on the expected effect sizes for the a and b paths, the power may not have reached the .80
level (Koopman et al., 2015). Participants were female undergraduate students participating in
research for course credit at the Ohio State University. The study population was ideal, as the
transition to college and pressure to make friends may worsen subclinical social anxiety symp-
toms; in one sample of first-year undergraduates, 42% had clinical levels of social anxiety

Table 1 Hypotheses and findings

Outcomes Predictor:
Higher social anxiety

Predictor:
Higher Social Anxiety

Neutral
Vocal Stimuli

More likely to interpret as negative, less likely to interpret as positive Null

Negative
Vocal Stimuli

Greater intensity ratings, Higher recognition accuracy Null

Positive
Vocal Stimuli

Lower intensity ratings, Lower recognition accuracy Lower intensity ratings

Task HRV Lower task HRV Lower task HRV
Resting HRV Lower resting HRV Null

Predictor:
Lower Task/Resting HRV

Predictor:
Lower Task/Resting HRV

Neutral
Vocal Stimuli

More likely to interpret as negative, less likely to interpret as positive Less likely to interpret as positive

Negative
Vocal Stimuli

Greater intensity ratings, Higher recognition accuracy Null

Positive
Vocal Stimuli

Lower intensity ratings, Poorer recognition accuracy Poorer recognition accuracy
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(Stewart & Mandrusiak, 2007). Additionally, in non-clinical samples, women have higher 12-month
(6.5%) and lifetime (10.3%) prevalence rates of SAD than men (4.8% and 8.7%, respectively)
(McLean et al., 2011). To eliminate the potential confound of cultural differences on emotion rec-
ognition accuracy (Elfenbein & Ambady, 2002; Paulmann & Uskul, 2014), only students who spoke
English as their first language were included. Additionally, students who were hearing impaired
were excluded. Data were collected between October and December 2018. Each participant com-
pleted the experimental session in a private room.

After participants provided informed consent, they completed online surveys as well as the com-
puterized vocal emotion recognition trial with eight stimuli – one from each emotional category. Fol-
lowing the trial, the participants completed the emotion recognition task, described in detail below,
while HRV was measured simultaneously to explore a mediation pathway.

Self-report measures

Demographic information
Participants provided the following information: age, weight, height, mental health diagnoses, medi-
cation usage, and recent caffeine and alcohol consumption. Older age (Umetani et al., 1998), higher
BMI (Molfino et al., 2009), and alcohol use are associated with lower HRV (Weise et al., 1986), while
caffeine use may boost HRV (Koenig et al., 2013) and influence emotion recognition accuracy (Huck
et al., 2008).

Social anxiety
The Social Anxiety Disorder Dimensional Scale (SAD-D); (Lebeau et al., 2012) takes a dimensional,
rather than categorical, approach to symptom measurement, with the goal of capturing the full
range of social anxiety symptomatology. As such, there is no cut-score or categorical labels. The
measure consists of 10 questions, each rated on a 5-point Likert scale ranging from “never” to
“always.” Raw scores range from 0 to 40, with higher scores indicating greater symptomatology.
In the current study, the SAD-D’s internal consistency was Cronbach’s α = 0.86. The measure is clini-
cally sensitive; in one study, those without SAD (M= 5.0, SD = 5.7) scored significantly lower on the
SAD-D than those with subthreshold SAD (M= 15.4, SD = 8.3), who score lower than those with
above-threshold SAD (M= 28.2, SD = 9.2) – with clinical status determined by the Munich-Compo-
site International Diagnostic Interview (Knappe et al., 2013). Demonstrating discriminant validity,
the scale distinguished social anxiety symptoms from those of specific phobia, panic disorder,
and separation anxiety in females, but not those of generalized anxiety disorder (GAD) (Möller &
Bögels, 2016) – likely due to high comorbidity and substantial symptom overlap between GAD
and SAD.

Heart rate variability

HRV was collected with the Firstbeat BodyGuard 2 device (Firstbeat Technologies Ltd, Jyväskylä,
Finland), which measures the interval between heart rates (i.e., R-R interval; the inverse of heart
rate) with a sampling frequency of 1000 Hz. Its accuracy is comparable to a clinical electrocardiogram
(Parak & Korhonen, 2013). HRV was measured during a five-minute seated rest period at the begin-
ning of the study protocol. During resting period, participants were instructed to breathe normally
and not use their phones or other devices. HRV was also collected during the first two minutes of the
vocal emotion recognition task to capture initial task HRV before the first resting period of the task,
while the task was still novel (see task protocol below). According to recently updated measurement
standards, a two-minute recording provides a valid measurement of RMSSD (Laborde et al., 2017).
Electrocardiogram (ECG) data from the Firstbeat monitor was extracted and transferred to KUBIOS
software (Tarvainen et al., 2014). The software was used to remove artifacts and obtain the root
mean square of the successive differences between heart beats (RMSSD), a time-domain metric
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that validly measures parasympathetic activity (Shaffer & Ginsberg, 2017). The raw Firstbeat data
required little artifact correction; the average percentage of heart beats corrected was 0.0019%
during the resting period and 0.032% during the vocal recognition task. Overall, 83% of resting
measurements and 89% of task measurements did not require correction.

Vocal emotion recognition

The limited research on vocal emotional expression has often utilized pseudo-speech (i.e., nonsen-
sical words) to assess emotion recognition ability, limiting its ecological validity. To isolate partici-
pants’ ability to recognize emotion based solely on emotional prosody (i.e., tone, pitch, inflection)
rather than sentence content, the current study used semantically-neutral prosodic speech stimuli
from the Ryerson Audio-Visual Database of Emotional Speech and Song (RAVDESS) (Livingstone &
Russo, 2018). These pre-recorded vocal stimuli featured 12 female Canadian actors who spoke Stan-
dard North American English as their first language and had no discernable Canadian accent. Only
the recordings of female actors were used in this study to eliminate the potential confound of mis-
matched speaker-listener sex (Lausen & Schacht, 2018).

Using two statements matched in word frequency and familiarity (e.g., “Kids are talking by the
door” and “Dogs are sitting by the door”), actors expressed the following seven emotions by altering
tone, pitch, and intonation: calm, happy, sad, angry, fearful, surprise, and disgust. Additionally, they
recorded the sentences in a neutral tone. In the RAVDESS, each emotion is portrayed at two intensity
levels: normal and strong. Only normal intensity stimuli were used for the current study to avoid
potential ceiling effects. In a validation study with 247 North American raters, 60% of the audio-
only stimuli were correctly identified (Livingstone & Russo, 2018). Testing with an additional 72
North American raters (each rating 102 stimuli twice) demonstrated a test-retest reliability of
Cohen’s kappa = 0.73 (Livingstone & Russo, 2018).

Participants first completed an emotion recognition trial in which they had 10 s to label and rate
each of 8 randomly selected stimuli, one from each emotional category. These stimuli were distinct
from the stimuli presented during the primary task (detailed below), and the data were not used in
analyses. Participants were invited to ask any questions about the instructions or completion of the
trial prior to beginning the primary task.

During the emotion recognition task, vocal stimuli were presented in 4 blocks of 24with
1 min between each block. The block presentation order was randomized with the block ran-
domization feature on Qualtrics (Provo, UT). The task took no longer than 19 min including
rest time between blocks. Voice clips lasted 2–4 s, and the participant listened to the clip
only once before labeling and rating the intensity of each stimulus. To capture initial
impressions, participants were given 10 s to label and rate each stimulus before the survey
auto-advanced to the next stimulus, in which case no answer was recorded (<1% of total poss-
ible responses). These missed trials were not counted as incorrect, but instead they were
excluded from data analyses. Participants’ choices for labeling the emotion included the
seven emotions listed above as well as “neutral” and the escape option of “none of the
above.” The answer of “none of the above” was counted as incorrect. Of the 384 possible
normal-intensity audio-only files (32 trials for each of the 12 female actors), all participants
heard the same 96 files, stratified by emotional condition. These 96 files were randomly
selected using a random number generator. Thus, there were 12 stimuli for each emotional cat-
egory and 12 neutral stimuli, all presented in a random order.

Statistical analyses

Data management
To index negativity bias for each individual, all neutral and ambiguous (i.e., surprise) vocal stimuli
classified as negative (i.e., fearful, sad, angry, disgusted) were totaled and divided by the total
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number of neutral and ambiguous stimuli answered. For positivity bias, all neutral and ambiguous
vocal stimuli classified as positive were totaled and divided by the total number of neutral and
ambiguous stimuli answered. As another measure of perceptual bias, mean intensity ratings for posi-
tive and negative vocal stimuli were calculated as two separate outcomes. To index recognition
accuracy across the categories of interest (negative, positive, and overall), an individual’s number
of stimuli correctly identified in each category was divided by the total number of stimuli answered
in that category.

In all models, Cook’s distance was used to identify potentially influential cases. Such cases were
not excluded from a model unless they appeared to violate the model’s assumption of residual
homoscedasticity, which was determined through visual inspection of the residual plots. Residuals
were skewed in models with HRV as the outcome, so HRV was natural-logarithmic transformed.
Only one participant reported recent alcohol usage; thus, instead of adjusting for alcohol use,
data from this participant were excluded from models.

Analytical plan
Zero-order correlations were used to examine relationships between the variables of interest. We
then conducted paired t-tests to identity any differences between: a. Task and resting HRV,
b. Percentage of positive and negative stimuli correctly identified, c. Percentage of neutral stimuli
labeled as positive and percentage labeled as negative, d. Intensity ratings for positive stimuli and
intensity ratings for negative stimuli. Beyond these preliminary analyses, four relationships were
of primary interest: a. SAD-D scores predicting emotion recognition accuracy/perceptual biases;
b. SAD-D scores predicting task and resting HRV; c. Task and resting HRV predicting emotion recog-
nition accuracy/perceptual biases; d. The indirect effect of SAD-D scores on emotion recognition
accuracy/perceptual biases through task and resting HRV (i.e., mediation). To examine the first
three relationships, two-step linear regression models were constructed. In the first step, no covari-
ates were included. In the second step, recent caffeine was included for models with emotion rec-
ognition variables as the outcome, and recent caffeine use and BMI were included as covariates
in models with HRV as the independent or dependent variable. The PROCESS version 2 macro for
SPSS (Hayes, 2012) was used to generate 5,000 bootstrapped samples to estimate a bias-corrected
confidence interval around the indirect effects of social anxiety symptoms on response biases and
recognition accuracy through HRV. One post-hoc double-mediation analysis utilizing PROCESS
was performed with task HRV and positivity bias as the serial mediators linking SAD-D scores with
overall emotion recognition accuracy. We report unstandardized betas for all analyses. All analyses
were conducted in SPSS version 25 (IBM: Armonk, NY), and the alpha level was set at 0.05; 95% confi-
dence intervals are reported.

Results

Demographic information

Female undergraduate students (N = 124) tended to be young (M= 18.6 years, SD = 1.2, Range =
18–29), non-Hispanic (95%), and White (77%). Overall, 12 participants reported taking a selective
serotonin reuptake inhibitor, 1 reported taking a tricyclic antidepressant, and no participants
reported taking beta blockers or benzodiazepines. In terms of self-reported anxiety and
depression diagnoses, 7 indicated that they had an unspecified anxiety disorder, 8 had general-
ized anxiety disorder, 1 had SAD, and 11 reported an unspecified depression diagnosis. Although
it was a non-clinical sample, the average SAD-D score was high, with considerable range (M=
15.7, SD = 6.7, range = 0–33). In fact, 50.4% of participants were at or above the mean score of
adults with subthreshold SAD (M = 15.4) (Knappe et al., 2013). Other demographic information
are presented in Table 2.
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Preliminary analyses

On average, participants were able to correctly identify more than two-thirds of the vocal stimuli and
were better at identifying negative stimuli (M=0.8, SD = 0.1) than positive stimuli (M= 0.5, SD = 0.1;
paired t(123) =−18.9, p < .001, Cohen’s d = 2.4). Women rated negative stimuli as more intense (M=
6.3, SD = 0.9) than positive stimuli (M= 4.8, SD = 1.3) (paired t(123) = 20.1, p < .001, Cohen’s d = 1.3).
Women also labeled neutral and ambiguous (i.e., surprise) stimuli with positive emotions (M= 0.3,
SD = 0.1) more so than negative emotions (M= 0.1, SD = 0.1) (t(123) = 15.5, p < .001, Cohen’s d =
2.0), suggestive of greater overall positivity bias than negativity bias. Resting HRV (M= 41.0, SD =
25.0) and task HRV (M= 48.0, SD = 27.3) were significantly different (paired t(123) =−5.6, p < .001,
Cohen’s d = 0.3). Scatterplots of significant zero-order correlations are included in the supplementary
material. For zero-order correlations among all study variables, see Table 3.

Social anxiety symptoms and emotion recognition

Social anxiety symptoms and perceptual bias
As expected, those with higher social anxiety symptoms rated positive stimuli as less intense than
their peers (B = −0.037, SE = 0.017, p = .032). The effect remained after controlling for recent
caffeine use (B = −0.038, SE = 0.017, p = .032). Regardless of covariate inclusion, SAD-D was unrelated
to negativity bias (unadjusted: B = 0.001, SE = 0.001, p = .303; adjusted: B = 0.001, SE = 0.001, p = .316),
positivity bias (unadjusted: B = −0.002, SE = 0.002, p = .165; adjusted: B =−0.002, SE = 0.002, p

Table 2. Demographic information for the sample (N = 124).

Measure M (SD) N (%) Range

Age 18.6(1.2) 18.0–29.0
Body mass index (kg/m2) 23.1(3.9) 17.2–38.3
Race (% Caucasian) 96(77%)
Ethnicity (% Non-Hispanic) 118(95%)
Social Anxiety (SAD-D) 15.7(6.7) 0.0–33.0
Percent correct, all vocal stimuli 69%(6%) 42%–84%
Percent correct, negative vocal stimuli 79%(9%) 42%–96%
Percent correct, positive vocal stimuli 54%(12%) 21%–79%
Percent of neutral stimuli labeled negatively 6%(5%) 0%–25%
Percent of neutral stimuli labeled positively 25%(12%) 4%–63%
Average intensity rating, all vocal stimuli 5.8(1.0) 3.0–8.5
Average intensity rating, negative vocal stimuli 6.3(0.9) 3.8–8.4
Average intensity rating, positive vocal stimuli 4.8(1.3) 1.1–7.5
Heart rate variability (RMSSD) during task 48.0(27.3) 9.0–176.0
Heart rate variability (RMSSD) during rest 40.1(25.0) 7.0–149.0
Caffeine intake day of study (% yes) 30(24%)

Note. SAD-D = Social Anxiety Disorder Dimensional Scale.

Table 3. Zero-order correlations between study variables.

Variable 1 2 3 4 5 6 7 8 9 10

1. Social Anxiety
2. Task HRV (RMSSD) −.16+
3. Resting HRV (RMSSD) −.07 .86*
4. Proportion correct, negative vocal stimuli .09 −.12 −.09
5. Proportion correct, positive vocal stimuli .03 −.14 −.08 .01
6. Proportion of neutral stimuli labeled negatively .08 −.07 −.04 −.01 −.22*
7. Proportion of neutral stimuli labeled positively −.09 .09 .14 −.01 .16+ −.11
8. Average intensity rating, negative vocal stimuli .06 −.13 −.12 .12 .05 .12 −.07
9. Average intensity rating, positive vocal stimuli −.06 −.06 −.06 .06 .11 .03 .02 .76*
10 Body mass index .14 −.01 .02 .03 −.06 .02 −.03 −.12 −.03
11. Caffeine intake .06 −.01 −.05 −.21* −.10 .02 .01 .08 .00 −.19*
+p < 0.10, *p < 0.05; HRV = heart rate variability. RMSSD = root-mean squares of successive differences.
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= .165), or average intensity ratings for negative stimuli (unadjusted: B =−0.009, SE = 0.012, p = .455;
adjusted: B =−0.010, SE = 0.013, p = .410).

Social anxiety symptoms and emotion recognition accuracy
There was no relationship between SAD-D scores and recognition of negative (B = 0.001, SE = 0.001,
p = .358) or positive (B < 0.001, SE = 0.002, p = .836) emotions. Adding covariates did not change
results (negative: B = 0.001, SE = 0.001, p = .293; positive: B < 0.001, SE = 0.002, p = .890). However,
women with greater social anxiety symptomology had better overall recognition accuracy across
all emotional stimuli (B = 0.002, SE = 0.001, p = .031). This effect remained significant after adding
recent caffeine use (B = 0.002, SE = 0.001, p = .021).

Social anxiety and heart rate variability

Those with greater social anxiety symptomology had lower task HRV (B = −0.016, SE = 0.007, p
= .023), and this relationship remained significant after adjusting for BMI and caffeine use (B =
−0.016, SE = 0.007, p = .026). Social anxiety was unrelated to resting HRV before (B = −0.006, SE =
0.008, p = .446) and after (B = −0.006, SE = 0.008, p = .459) covariate inclusion.

Heart rate variability and emotion recognition

Heart rate variability and perceptual bias
In separate models, both task and resting HRV were related to the proportion of neutral/ambiguous
stimuli identified as positive, a measure of positivity bias (B = 0.001, SE < 0.001, p = .040; B = 0.001, SE
= 0.001, p = .013, respectively), and these relationships remained when all covariates were included
(B = 0.001, SE < 0.001, p = .042; B = 0.001, SE = 0.001, p = .014, respectively). Task and resting HRV were
unrelated to the proportion of neutral/ambiguous stimuli identified as negative (B < 0.001, SE <
0.001, p = .280; B < 0.001, SE < 0.001, p = .545, respectively), intensity ratings for negative stimuli (B
= −0.002, SE = 0.003, p = .584; B = −0.002, SE = 0.004, p = .598, respectively), and intensity ratings
for positive stimuli (B = −0.002, SE = 0.005, p = .725; B = −0.002, SE = 0.005, p = .716, respectively).
When covariates were added, task and resting HRV remained unrelated to the proportion of
neutral/ambiguous stimuli identified as negative (B < 0.001, SE < 0.001, p = .280; B < 0.001, SE <
0.001, p = .551, respectively), intensity ratings for negative stimuli (B = −0.002, SE = 0.003, p = .575;
B = −0.002, SE = 0.004, p = .626, respectively), and intensity ratings for positive stimuli (B =
−0.002, SE = 0.005, p = .716; B = −0.002, SE = 0.005, p = .715, respectively).

Heart rate variability and recognition accuracy
Task HRV was unrelated to the correct identification of negative (unadjusted: B < 0.001, SE < 0.001, p
= .697; adjusted: B < 0.001, SE < 0.001, p = .638) or positive stimuli (unadjusted: B < 0.001, SE < 0.001,
p = .773 adjusted: B < 0.001, SE < 0.001, p = .794). Similarly, resting HRV was not related to the correct
identification of negative (unadjusted: B < 0.001, SE < 0.001, p = .536; adjusted: B < 0.001, SE < 0.001,
p = .467) or positive stimuli (unadjusted: B < 0.001, SE < 0.001, p = .758; adjusted: B < 0.001, SE < 0.001,
p = .776). However, those with higher task and resting HRV had lower overall recognition accuracy
across all stimuli (B >−0.001, SE < 0.001, p = .041; B > 0.001, SE < 0.001, p = .031, respectively).
These relationships remained significant after the addition of all covariates (B >−0.001, SE < 0.001,
p = .036; B >−0.001, SE < 0.001, p = .025, respectively).

Mediation: social anxiety symptoms, HRV, and perceptual bias/recognition accuracy

After testing the previous hypotheses and finding that social anxiety symptoms uniquely predicted
task HRV and not resting HRV, only task HRV was tested as a mediator of the relationship between
social anxiety and emotion recognition/perceptual biases.
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Social anxiety symptoms, task HRV, and perceptual bias
Although social anxiety symptoms were not directly associated with positivity or negativity bias, an
indirect effect emerged such that through their lower HRV, women with greater social anxiety had a
lower positivity bias (Indirect effect = −0.00059, SE = 0.00043, 95% bootstrap CI [−0.0018,
−0.000008]) (see Figure 1A). No indirect effect emerged when negativity bias (95% bootstrap CI:
[−0.000078, 0.00059]) and intensity ratings for negative [−0.0033, 0.0062] or positive stimuli
[−0.0034, 0.0121] were specified as outcomes.

Social anxiety symptoms, task HRV, and recognition accuracy
Through their lower task HRV, women with more social anxiety symptoms had better overall recog-
nition accuracy (Indirect effect = 0.00033 SE = 0.00024, 95% Bootstrap CI [0.00002, 0.0153]) (see
Figure 1B). Task HRV did not mediate the relationship between social anxiety and recognition of
negative and positive stimuli (95% bootstrap CIs: [−0.00017, 0.00116]; [−0.0006, 0.0009],
respectively).

Post-hoc double mediation model
To test whether lower parasympathetically-mediated positivity bias could explain why those with
more social anxiety symptoms had better emotion recognition accuracy rates, a post-hoc serial

Figure 1. Through their lower HRV during the emotion recognition task, women with more social anxiety symptoms had lower
positivity bias (A) and greater emotion recognition accuracy (B) than their peers. Effects are unstandardized.
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double mediation model was conducted with SAD-D scores as the independent variable, task HRV as
the first mediator, positivity bias as the second mediator, and accuracy rates for all stimuli as the
outcome. Indeed, those with greater social anxiety were more accurate due to lower parasympathe-
tically-mediated positivity bias (Indirect effect = 0.00010, SE = 0.00007, 95% bootstrap CI [0.00004,
0.00031]).

Alternative model
To test whether the difference between task HRV and resting HRV related to social anxiety symptoms
or task performance, alternative linear regression models were run substituting the difference score
for task HRV. Those with higher social anxiety symptoms had lower HRV difference scores, both with
(B = −0.390, SE = 0.190, p = .042) and without (B = −0.038, SE = 0.186, p = .044) controlling for
caffeine usage and BMI. The difference score was unrelated to negativity bias (unadjusted: B <
0.001, SE < 0.001, p = .393; adjusted: B < 0.001, SE < 0.001, p = .390) positivity bias (unadjusted: B =
−0.001, SE = 0.001, p = .461; adjusted: B = −0.001, SE = 0.001, p = .452), intensity ratings for negative
stimuli (unadjusted: B = −0.002, SE = 0.006, p = .700; adjusted: B = −0.003, SE = 0.006, p = .632),
intensity rating for positive stimuli (unadjusted: B = −0.001, SE = 0.008, p = .921; adjusted: B =
−0.001, SE = 0.008, p = .912), recognition accuracy for negative stimuli (unadjusted: B < 0.001, SE
= 0.001, p = .530; adjusted: B < 0.001, SE = 0.001, p = .632), recognition accuracy for positive stimuli
(unadjusted: B = −0.001, SE = 0.001, p = .173; adjusted: B = −0.001, SE = 0.001, p = .190) or overall
recognition accuracy (unadjusted: B < 0.001, SE < 0.001, p = .426; adjusted: B < 0.001, SE < 0.001, p
= .503). Therefore, we did not proceed in testing the full mediation model.

Discussion

In the current study, women with more social anxiety symptoms had lower parasympathetic activity
while processing socially-relevant information, which was linked to their perception of vocal stimuli.
Specifically, compared to their peers, those who reported more social anxiety symptoms had a lower
positivity bias, and therefore, greater overall recognition accuracy. Prior evidence suggests that non-
anxious people have a positivity bias (Huppert et al., 2007; Taylor & Brown, 1988; Young et al., 2017),
and this may be especially prevalent in women (Proverbio, 2017; Winquist et al., 1998). Thus, a lack of
positivity bias may typify social anxiety in women (Constans et al., 1999). Moreover, our finding that
women with greater social anxiety rated positive stimuli as less intense supports the theory that
those who are socially anxious minimize positive social cues (Silvia et al., 2006).

Another characteristic of social anxiety may be lower HRV in social contexts. While meta-analytic
evidence suggests that those with SAD have lower resting HRV (Chalmers et al., 2014), we were
unable to replicate this effect in our nonclinical sample. Instead, we found that those with greater
social anxiety symptoms had lower task – but not resting – HRV. These results suggest that the
effect of social anxiety symptomology on HRV may be most evident in contexts that are highly rel-
evant to the disorder – such as an emotion recognition task. Similarly, a prior study found that com-
pared to healthy controls, those with anxiety and depression had greater HRV reactivity to a
disorder-relevant stressor (i.e., a psychiatric interview) but not a disorder-irrelevant continuous per-
formance task (Hu et al., 2016). Unexpectedly, across our sample, task HRV was actually higher than
resting HRV, suggesting that participants may have habituated to the novel study environment
throughout the study protocol. Even so, those with higher social anxiety symptomology were less
able to habituate, as evidenced by their lower HRV difference scores in our alternative model.

Interestingly, both resting and task HRV predicted emotion recognition accuracy and positivity
bias. Women with higher HRV had a greater positivity bias, interpreting neutral and ambiguous
stimuli as positive, but lower recognition accuracy. These results conflict with prior findings that
those with higher resting HRV have better emotion recognition accuracy (Lischke et al., 2017; Quin-
tana et al., 2012), but the current study is the first to associate resting HRV with vocal, rather than
facial stimuli. Further investigation into why stimuli type (facial versus vocal) might moderate the
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relationship between resting HRV and emotion recognition accuracy is warranted. Moreover, the
current findings suggest that task HRV, especially during a symptom- or disorder-relevant task,
may also relate to task performance – another area for further inquiry.

The observed positivity bias among those with greater resting HRV may fuel pro-social behavior.
For early humans, social affiliation was critical to survival, and this may have been especially true for
women. Taylor et al. (2000) hypothesized that because of this evolutionary necessity, modern
women respond to stress by “tending and befriending” rather than fighting or fleeing, as is more
common in men. Thus, a pro-social positivity bias may promote or indicate social well-being, at
least in women. However, we did not measure social well-being or include men in our study, so
more research is needed to test these hypotheses.

Unlike previous work (e.g., Maoz et al., 2016), social anxiety symptoms were unrelated to nega-
tivity bias. Additionally, the observed positive relationship between social anxiety symptoms and
overall recognition accuracy contrasts with meta-analytic evidence of poorer overall recognition
accuracy for facial stimuli among those with SAD (Demenescu et al., 2010). However, the forced
two-choice paradigm (e.g., “happy” or “angry”) used in many prior studies is overly simplistic
(Russell, 1993). This study utilized an assessment with nine response options, including an “escape
option” (i.e., “none of the above”). This study also differed from past studies in that the vocal
stimuli used did not directly address or refer to the participant but instead described a neutral cir-
cumstance (e.g., “The dog is sitting by the door”), and in the use of vocal recognition rather than
facial recognition.

Many prior studies used vocal stimuli recorded by both men and women, but perceptions are
influenced by a complex interaction between speaker and listener sex (McKeown et al., 2015).
Many studies that utilized both male and female participants and both male and female stimuli
were likely not powered to capture this interaction (e.g., Quadflieg et al., 2007). By only utilizing
female participants and vocal stimuli recorded by female actors, the current study eliminated this
confound, providing a clearer picture of social cognition as it relates to continuous social anxiety
symptom scores.

Limitations, implications and future directions

Due to testing perceptual biases, intensity ratings, and accuracy, many statistical tests were con-
ducted, and therefore, findings should be interpreted with caution. The choice to exclude men
may limit generalizability of the study results. Also noteworthy is that the sample was primarily
first-semester undergraduates who were likely experiencing high stress levels in their new environ-
ment, as supported by the elevated mean SAD-D score. Although the computerized task had high
internal validity, the impersonal quality of the task may have muted the effects of social anxiety
on the outcomes of interest. Indeed, social anxiety may exert a greater effect on emotion recognition
in personally-relevant situations or with stimuli that reference the participant (Amir et al., 1998). Also,
the cross-sectional design of the study limits the ability to tease out directionality. While the
mediation models support the notion that social anxiety leads to lower task HRV which leads to posi-
tivity bias/recognition accuracy, future longitudinal studies are needed to determine directionality.

Effective social anxiety treatment may include increasing benign interpretations of neutral/
ambiguous situations, which appears to be an effective cognitive–behavioral therapy intervention
for SAD (Amir & Taylor, 2012; Murphy et al., 2007). Also, as low HRV is a facet of social anxiety, enhan-
cing parasympathetic activity may be another therapeutic target among socially anxious women.
Emerging evidence indicates that both cognitive–behavioral therapy (Jang et al., 2017), mindfulness
meditation (Shearer et al., 2016), and exposure therapy (Busscher et al., 2013) can boost HRV, and this
increase is related to better therapeutic outcomes (Jang et al., 2017).

Functional implications of these perceptual biases were not explored in the current study.
However, it is plausible that a dampened positivity bias contributes to avoidance behaviors that
characterize SAD. Thus, a muted positivity bias may be at the root of loneliness and social isolation
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that accompanies elevated social anxiety symptoms. Not only does loneliness mediate the relation-
ship between greater social anxiety symptoms and diminished subjective wellbeing (Maričić &
Štambuk, 2015), it can also predispose to many chronic health problems via alterations in neuro-
endocrine, autonomic, and immune function (Cacioppo & Cacioppo, 2014). Therefore, augmenting
motivation to engage in neutral/ambiguous social situations may promote physical health through
increased social engagement and integration.

Further exploration of HRV as a mechanism behind emotion recognition and perceptual biases in
clinical samples with SAD is warranted. In particular, HRV during social situations may be an impor-
tant mechanism underlying social cognition in SAD. The current study did not find evidence of
poorer emotion recognition accuracy among those with greater social anxiety symptomology. In
this study, women with more social anxiety symptoms exhibited enhanced recognition accuracy
due to a lower positivity bias. These findings pave the way for further investigation of HRV during
a symptom or disorder-relevant task as a physiological mechanism fueling task impairment.
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