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Abstract

Heart rate variability (HRV) is the inter-beat interval variation between consecutive heartbeats and
an autonomic reflection of emotional regulation abilities to flexibly respond to challenges, such as
psychosocial stress. Whereas there are known sex differences in stress-induced hormonal and
emotional responses, we identified a gap in our understanding of sex-specific autonomic cardiac
control during stress. Thus, we assessed HRV prior to, during and after administration of a public
speech task in healthy participants (n=929) according to sex. Our meta-analysis found that during
stress, women had lower HRV than men, with an overall Hedges’ g of 0.29 (p<0.0001) and 0.29
(p=0.0003) for fixed and random effects models, respectively. We did not find significant
heterogeneity or evidence of publication bias. Analyses of additional timepoints showed no
baseline difference and marginally lower HRV in women during anticipation and recovery.
Findings of the present meta-analysis confirm sex differences in stress-induced hyperarousal and
form a justification for implementation of mechanistic studies evaluating gonadal hormones, their
potent metabolites and pro-inflammatory cytokines as mediators of this relationship.
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1. Introduction

Adaptive responses to environmental stressors are essential to maintaining health and well-
being. Physiological and psychological responses to stress involve activation of the
autonomic nervous system (ANS), the hypothalamic-pituitary-adrenal (HPA) axis, and
immune systems that work in concert to restore homeostatic balance. Stress differentially
affects men and women — whereas women are more vulnerable to stress-induced
hyperarousal, men are more vulnerable to stress-induced attention deficits (Bangasser et al.,
2018). In general, women exhibit lower cortisol reactivity (Kajantie and Phillips, 2006;
Kudielka and Kirschbaum, 2005), greater subjective distress (Kelly et al., 2008) and
increased heart rate (Kudielka et al., 2004) in response to acute psychosocial stress.
However, there is much less agreement on the sex-specific effects of stress on autonomic
cardiac control, as commonly indexed by heart rate variability (HRV) (Liu et al., 2017). For
example, studies have reported blunted HRV responses (Espin et al., 2019), lower overall
HRV (Brugnera et al., 2018), or higher overall HRV in women than in men (Adjei et al.,
2018; Dimitrov et al., 2018). It is plausible that sex differences in acute stress responses may
be related to health disparities between men and women with regard to stress-related
diseases such as cardiovascular disease, depression and substance dependence(Beauchaine
and Thayer, 2015; Thayer et al., 2010). Thus, in order to fully understand sex differences in
stress-related disease and to develop sex-specific treatment approaches, a more
comprehensive understanding of differences in all aspects of responses to acute stress,
including HRYV, is essential.

Heart rate variability refers to the natural variation in the inter-beat interval between
consecutive heartbeats. Regular oscillations in inter-beat intervals can be observed in several
frequency bands, and originate from many periodic processes, such as respiration,
sympathetic outflow to the heart, and circadian rhythms, among others. Of primary interest
in the literature on stress is high frequency heart rate variability (HF-HRV), also called
respiratory sinus arrhythmia (RSA). HF-HRV consists of rhythmic oscillations in inter-beat
intervals in the frequency range of respiration. Influential models of brain-autonomic
nervous system interaction suggest that HF-HRV is an autonomic reflection of emotional
regulation abilities. Of note, the same models also state that this reflection is one factor of
HF-HRV, as the construct, in fact, remains multi-factorial (Porges, 2001; Thayer and Lane,
2000). As such, one aspect that HF-HRV indexes is parasympathetic nervous system (PNS)
inhibition of autonomic arousal via vagal nerve influence (Porges, 2001).

Cardiac responses to stress are modulated by both branches of the ANS; the sympathetic
nervous system (SNS) and the parasympathetic nervous system (PNS). The ANS is
particularly important in adaptive responses to stressors because it can rapidly engage in
anticipatory action and preparation to satisfy increased regulatory demands even before they
occur, instead of relying on reflexive responses. Although also important aspects of the
stress response, the HPA-axis and immune systems are not as functionally flexible as the
ANS (Sterling, 2012). SNS activation triggers the “fight or flight” response to enable rapid
reactions to a threat and accelerate heart rate. By contrast, the PNS promotes a “rest and
digest” response that serves to limit stress reactions, decelerate heart rate, and restore
equilibrium once the threat has passed. HRV, in particular HF-HRV, has been proposed to
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reflect the strength of this deceleratory PNS influence on the heart (Porges, 2001). Abnormal
autonomic function during acute stress, i.e., imbalances between the SNS and PNS, may
lead to hyperarousal, attenuated HRV, and an inability to effectively regulate emotions. It is
important to note that HRV, including HF-HRYV, can be affected by many factors such as age
and fitness and should not be taken to be a “pure” measure of PNS influence; nevertheless, it
has proven to be a useful and predictive measure of general emotional regulation ability and
autonomic flexibility across many contexts (Balzarotti et al., 2017).

HRV can be assessed with a variety of different metrics, including time-domain and
frequency-domain indices, or via non-linear metrics (for review see Shaffer & Ginsberg,
2017). One of the most commonly used time-domain measures of HRV is root mean square
of successive differences (RMSSD), which is calculated using the time in milliseconds
between normal heart beats over a given range (typically between one and five minutes)
(Shaffer et al., 2014). PNS influences are thought to dominate in this measure, although
some SNS influences may also be present (Berntson et al., 1997; Berntson et al., 2005).
Other time domain measures, such as standard deviation of all R-R intervals (SDNN), or the
proportion of number of pairs of successive beat-to-beat intervals that differ more than 50
ms (PNN50), are thought to have comparatively greater contributions of the SNS, circadian
rhythms, and other periodic processes. However, with short recording periods such as those
typically used in stress studies (e.g. 5 min.), respiratory and PNS influences are still thought
to predominate in these measures (Shaffer and Ginsberg, 2017).

Frequency-domain measures of HRV separate heart rate oscillations into different frequency
bands. In frequency metrics, HF-HRV is defined by the respiratory frequency band (0.15 to
0.4 Hz). HRV within this band is thought to primarily reflect PNS-based cardiac control.
HRV at lower frequencies is influenced by a combination of PNS and SNS effects on the
heart; however, the upper limit of SNS influence is approximately 0.1 Hz (Shaffer and
Ginsberg, 2017). It is also important to note that over short recording periods, time and
frequency domain metrics are typically correlated, consistent with the idea that they both
measure primarily high-frequency, PNS-driven changes in inter-beat intervals (Kleiger et al.,
2005). Thus, the focus of this review is on measures of HRV thought to index primarily PNS
influences on the heart, although the degree of “purity” of these measures may vary
somewhat. Although we will continue to use the general term “HRV” throughout this review,
metrics thought to primarily index the low, very low or ultra-low components of HRV, which
capture more SNS, circadian and other influences, are out of scope here.

There are a number of reasons to expect sex differences in both tonic (resting) and phasic
(responses to a stimulus) HRV. There are sex differences in brain structures and circuitry
related to cardiac autonomic control and emotion regulation. For example, studies have
revealed associations between HRV and areas including the prefrontal cortex, amygdala and
paraventricular nucleus(Coote, 2013; Dimitrov et al., 2018; Thayer and Lane, 2009). It is
also known that there are sex differences in the anatomy of these regions and their
relationship to stress-responses (Dimitrov et al., 2018; Nugent et al., 2011; Ruigrok et al.,
2014). Sex differences in HRV between men and women may reflect differences in trait
emotionality and self-regulation, and regulation of emotional and physiological responses to
stressors that may influence individual susceptibility to stress-related disease and
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effectiveness of prevention and treatment efforts. The first step to an understanding of
potential sex differences in HRV responses to acute stress is to review the existing literature
to identify overall patterns of results and critical gaps for future research.

In this meta-analytic study, we specifically sought to examine sex differences in stress-
induced changes in HRV, considered as a biomarker of ANS activity. The purpose of the
meta-analysis was to gain a better understanding of psychosocial stress reactivity in women
— whereas the HPA axis function and emotional regulation during social evaluative stress
testing in women are now well-characterized, we identified a gap in the literature related to
sex-specific autonomic cardiac control during stress. We focused on studies that used
laboratory-based social evaluative stressors as, for example, the Trier Social Stress Test
(Kirschbaum et al., 1993) is a reliable, social-evaluative method of inducing an acute stress
response, including decreased HRV (Espin et al., 2019; Hermann et al., 2019; Reinelt et al.,
2019). It is postulated that women tend to respond to stress in more socially oriented ways
(Taylor, 2014) and are more vulnerable to stress-induced hyperarousal (Bangasser et al.,
2018). Thus, we hypothesized that, in comparison to men, women would exhibit lower HRV
during laboratory-based social evaluative stressor testing.

2. Methods

2.1 Search Strategy

We conducted a literature search in PubMed, Web of Knowledge and Psychlinfo, and
included eligible studies published through July 26t, 2019. Two authors (AH and SC)
completed their search independently according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Liberati et al., 2009). Any
discrepancies were reconciled by reviewing the literature jointly for specific points of
difference. We used the following search string: ((“Heart Rate Variability” OR “HRV”)
AND (“Trier Social Stress Test” OR “TSST”) AND (“Public Speech” OR “Social
Evaluative” OR “Psychosocial Stress”) AND (DOCUMENT TYPE: (Article)). We compiled
the results in EndNote X8.

2.2 Inclusion/Exclusion Criteria

Included studies had to measure HRV in healthy volunteer adults (Supplementary Table 1)
using an electrocardiogram or a portable device during a psychosocial stress task involving
public speaking. They had to report mean and variance by sex and use a frequency-domain
measure of HRV between 0.15 and 0.4 Hz, a time domain measure such as square root of the
mean-squared difference between successive R-R intervals (RMSSD), standard deviation of
all R-R intervals (SDNN), the proportion of number of pairs of successive beat-to-beat
intervals that differ more than 50 ms (PNN50) or a non-linear measure (e.g., approximate
entropy; ApEn). We selected these measures based on a published meta-analysis evaluating
parasympathetic function in psychiatric conditions (Alvares et al., 2016) in which only one
measure was analyzed according to the above-specified hierarchy in the event that more than
one measure was reported. We also performed a sub-analysis separately for time- vs.
frequency-based HRV measures. When results were reported only in a figure, we used Web
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Plot Digitizer to extract data. If there was no report by sex, we contacted the corresponding
authors.

2.3 Data Extraction

Data extraction form included the following fields: first author, year, sample size, age, task
duration (baseline, anticipation, stress, recovery), analysis window (in minutes) for the
respective parts of the stress task, recording method and HRV measure.

As results from different time points cannot be combined unless individual level data is
available (Higgins and Green, 2011), in the event stress data was reported separately for
speech and arithmetic, we recorded the speech timepoint for the analysis. Similarly, if
recovery was reported at multiple timepoints, we recorded and analyzed the timepoint
closest to the timepoint reported by the greatest number of studies (5 min).

2.4 Data Analysis

Analyses of HRV for baseline, anticipation, stress and recovery were carried out by
calculating the Cohen’s d'effect size (Cohen, 1988). In the event mean and variance values
were provided for groups of men and women, those were combined using the following
formulas:

Ni{M1 + NoMp
T Np+Np

N1 +Np
Ni+Np-—1

NN
J(NI—I)SD%+(N2—1)SD%+ 172 (M7 +M3 - 2m;My)
SD =

where, N1= sample size group 1, N,= sample size group 2, M1= mean group 1, M,= mean
group 2, SDq=standard deviation group 1, SD,=standard deviation group 2.

We divided the mean difference between the two groups by the pooled standard deviation.
Next, we used the J-correction factor to obtain the Hedges’ g effect size, which corrects for
small samples (Hedges and Olkin, 1985) and is considered small, medium, and large for
values 0.2, 0.5, and 0.8, respectively. We used a random effects model to calculate the
pooled effect size with an associated 95% CI and a p-value (Borenstein, 2009), though we
present results of both fixed and random effects models. We assessed source-study
heterogeneity using the ;(Z-based Q test with its associated p-value. A statistically significant
Q statistic suggests different effect sizes across studies, implying that methodological or
population sample differences may be introducing variance across individual studies. We
quantified heterogeneity using /# with values 25%, 50%, and 75% suggestive of small,
medium and large heterogeneity and calculated potential publication bias using the Classical
Tests (Egger et al., 1997). Finally, we performed a sub-analysis of frequency domain
measures vs. RMSSD separately. All the analyses were performed using the “meta” package
and the “metacont” function (Schwarzer et al., 2007) in R.
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3. Results

3.1 Characteristics of Individual Studies

After removal of duplicate studies, literature search identified 177 individual abstracts as
shown in the PRISMA figure (Figure 1). Those abstracts were screened for relevance, with
87 full-text studies reviewed, and 43 studies meeting the inclusion/exclusion criteria.
Following the review of full texts, three studies reported HRV by sex (Brugnera et al., 2018;
Buchanan et al., 2010; Espin et al., 2019) and 14 corresponding authors sent their summary
statistics.

As shown in Table 1, study participants included in this meta-analysis averaged 29 years of
age. The ratio of men to women was 0.9:1, with 440 men and 489 women included in the
meta-analysis. The duration of stress ranged from 2 minutes to 10 minutes, with analysis
window ranging between 1 to 10 minutes of recording. The most frequent HRV measure was
RMSSD (64%). A total of 9 studies used ECG and 8 studies used a portable device to
measure HRV. Four studies (Espin et al., 2019; Gamaiunova et al., 2019; Klumbies et al.,
2014; Strahler et al., 2010) controlled for menstrual cycle phase. Of the 17 studies which
were included in the meta-analysis, 14 studies completed a manipulation check, verifying a
successful induction of stress (Supplementary Table 2).

3.2 Evaluation of Sex Differences in HRV During Stress

Women had lower HRV than men, with an overall Hedges’ g of 0.29 (p<0.0001) for the
fixed effects model and 0.29 (p=0.0003) for the random effects model (Figure 2). No
significant between-study difference was detected (tau?=0.01; H =1.06 [1.00; 1.37]), with
the level of heterogeneity in the small range (= 15.1%, Q=18.85; p=0.27). A visual
inspection of the funnel plot (Figure 3) suggested no evidence of publication bias, which
was confirmed statistically (p=0.35). An analysis including only the 14 studies which
reported successful induction of stress did not change the main finding (Supplementary
Figure 1).

3.3 Evaluation of Sex Differences in HRV Before and After Stress

No baseline difference was detected between men and women, with identical fixed and
random effect results (Hedges’ g=0.02, z=0.24, p=0.81), lack of heterogeneity (p=0.96) and
marginal publication bias (p=0.07). Marginally significant difference between men and
women was found during anticipation, with Hedges’ g of 0.14 (z=1.84, p=0.06) for both
fixed and random effects models respectively, lack of heterogeneity (p=0.60) and publication
bias (p=0.18). Marginally significant difference in the recovery between men and women
was found, with identical fixed and random effects (Hedges’ g=0.11, z=1.54, p=0.12),
absence of heterogeneity (p=0.80) and marginal publication bias (p=0.13). Figure 4 depicts
effect size estimates with 95% confidence intervals for sex differences in HRV across four
public speech test phases.

3.4 Sub-Analysis of HRV Measures During Stress

Evaluation of RMSSD showed that women had a statistically lower HRV with the Hedges’ g
of 0.34 (p<0.0001) and 0.34 (p=0.0001) for fixed and random effects, respectively with no
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evidence of heterogeneity (p=0.3) or publication bias (p=0.98). The HF/RSA sub-analyses
were not statistically significant for fixed or random effects models. Supplementary Figure 2
displays results of the sub-analysis.

4. Discussion

In the first meta-analysis evaluating sex differences in HRV during stress, we found that
women consistently show lower HRV during social stress compared to men. The effect size
was small, but highly significant. Our additional aim was to characterize the trajectory of
HRV across different timepoints of a laboratory-based social stressor. At baseline, there
were no statistically significant sex differences, presenting similar mean. Women displayed
marginally lower HRV during stress anticipation and recovery periods.

Influential models of brain-autonomic nervous system interaction suggest that HRV is an
autonomic reflection of emational regulation (Porges, 2001; Thayer and Lane, 2000)
abilities. In particular, the high-frequency component of HRV has been proposed to index
parasympathetic inhibition of autonomic arousal via vagal nerve influence. Primarily this
literature has examined HRV at rest as an indicator of a trait-like ability to flexibly respond
to challenges (Beauchaine and Thayer, 2015). However, our findings suggest that examining
HRV in response to stress contributes independent information. For example, in our meta-
analysis, HRV did not differ between men and women at baseline, and a previous large
meta-analysis by Koenig and Thayer (2016) found that women actually have increased HF-
HRV power at rest compared to men. This latter finding might suggest the likelihood of
more adaptive parasympathetic responses to stress in women. However, our results show
lower HRV in women during an actual stress challenge, potentially reflecting poorer
autonomic coping during stress. It is important to note that most of the studies included in
this meta-analysis reported RMSSD as their measure of HRV. While PNS cardiac control is
thought to dominate in this time-domain measure, it includes other influences such as SNS
activity, and may also differ somewhat in its influences from frequency-domain measures of
HF-HRV.

Our main finding contrasts the findings related to sex differences in other aspects of the
stress response, including cortisol, which is the primary hormonal output of the HPA axis. A
prior meta-analysis involving 640 women and 710 men (Liu et al., 2017), found that cortisol
response to the TSST was lessened in women compared to men, suggesting a reduced stress
response in women. Although both the HPA axis and the parasympathetic nervous system
fall under the control of a group of forebrain, limbic and brainstem regions commonly
termed the “central autonomic network” (Benarroch, 1993; Thayer and Lane, 2000), exact
relationships between these aspects of stress responding are unclear. One previous study
which jointly examined cortisol and HRV found that lower HRV during the anticipatory
period was related to greater cortisol release after stress, but that HRV during the task was
unrelated to cortisol release (Pulopulos et al., 2018). This suggests the intriguing possibility
that men and women have different autonomic “strategies” for dealing with stress, such that
men rely more on mobilization for challenge via HPA activation, and women on
parasympathetic withdrawal. Although speculative, this could relate to the different
behavioral strategies taken towards stress by men and women, i.e. that women tend to
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respond with more passive coping strategies (Bale and Epperson, 2015). This possibility
should be explored more in future research in humans.

The reasons for these differences in stress response are unknown, but likely relate to both
developmental and current hormonal influences (Bale and Epperson, 2015) such as
menstrual cycle and use of hormonal contraceptives. Among the differences that may be
developmental in origin are differences in the functionality of the paraventricular nucleus.
Oxytocin neurons in the paraventricular nucleus activate cardiovagal neurons to influence
HRV (Coote, 2013), and the paraventricular nucleus is also a site of sex differences in other
aspects of the stress response, including contributions to differences in glucocorticoid
release (Oyola and Handa, 2017). Other areas in the central autonomic network also show
sex-related differentiation across development that may be related to these differences in
HRV. For example, the amygdala and ventromedial prefrontal cortex are thought to be
upstream contributors to parasympathetic activity and HRV. Studies in animals have
identified sex-specific patterns of maturation in these areas during puberty (Bale and
Epperson, 2015), and in humans, these areas display sex-related differences in structure
(Ruigrok et al., 2014). Functionally, one study has found that amygdala activity is positively
associated with HRV in women but negatively associated with HRV in men (Nugent et al.,
2011). Given that these areas are also highly related to stress response, it will be important to
further investigate whether they contribute to the differences found here.

Regarding the potential role of current hormonal status, results of both animal and human
research are in an agreement that estradiol increases HRV. Intravenous injection of estrogen
to ovariectomized female rats produces a dose-response increase of the vagal nerve activity
(Saleh et al., 2000) with even low dose estradiol administration to rats increasing HFabs, an
important index of cardiac parasympathetic modulation (Campos et al., 2014). In women,
HRV is higher during the follicular phase when estrogen levels are increasing and
unopposed than during the luteal phase (Bai et al., 2009; McKinley et al., 2009).
Collectively, these findings support a potential protective role of estradiol on
parasympathetic cardiac tone. The effect of progesterone and its potent metabolite
allopregnanolone on ANS during stress is uncertain. Only four studies included in our meta-
analysis controlled for menstrual cycle phase; therefore, we were not able to identify the role
of current hormonal status on HRV in response to stress. Nonetheless, this analysis is critical
in women’s health research as it may uncover important modulation of stress metrics, such
as HRV, by gonadal hormones. If this is the case, it will be important to evaluate the potency
of testosterone vs. estradiol in enhancing HRV.

Finally, sex differences in stress-induced changes in ANS may be critical factors that
contribute to the epidemiology of stress-related psychiatric conditions. The inability to adapt
is a central component in vulnerability-stress model of psychiatric disorders, and many
psychiatric disorders are sex-specific in prevalence. Several meta-analyses of HRV at rest in
psychiatric disorders have been published, with reduced resting HRV found across
conditions (Alvares et al., 2016), including anxiety (Chalmers et al., 2014), bipolar
(Faurholt-Jepsen et al., 2017) and somatic (Tak et al., 2009) disorders, relative to healthy
controls. The effect size of HRV in psychotic disorders is exceptionally large (Hedges’ g =
0.94) (Alvares et al., 2016). Further, through its effects on the HPA and ANS, stress
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ultimately influences the immune system (Hendrickson and Raskind, 2016) by increasing
proinflammatory cytokine levels (Nance and Sanders, 2007) which may be neurotoxic
(Buntinx et al., 2004) and related to psychiatric conditions (Ongur et al., 1998; Rajkowska et
al., 2007). The parasympathetic branch of the ANS stimulates cholinergic, anti-
inflammatory pathways (Rosas-Ballina et al., 2008; Tracey, 2002), which inhibit cytokine
production. Therefore, reduced activity in the parasympathetic branch of the ANS in
response to stress may also contribute to inflammatory mechanisms in stress-related
psychiatric conditions. In summary, this demonstration of insufficient autonomic nervous
system responses to stress in women in the present study suggests several possible
mechanistic paths that may underlie the epidemiologic phenomenon of greater prevalence of
stress-related psychiatric disorders in women.

Of the 17 studies included in the present meta-analysis, 12 report positive direction of
standardized mean difference (i.e. greater HRV in men than in women) and 5 (Gamaiunova
et al., 2019; Jonsson et al., 2015; Maattanen et al., 2018; Van Hedger et al., 2017, Buchanan
et al., 2010) report negative direction for standardized mean difference. Several
methodological differences may have contributed to this finding. For example, sample size
for the male group in Gamaiunova et al (2019), Jonsson et al (2015) and Maattanen et al
(2018) was smaller than majority of the studies (Table 1), raising the possibility that the
studies were underpowered to show greater HRV in men. The duration of preparation and
speech for Van Hedger et al (2017) was the shortest (5 minutes) of all studies and no report
of manipulation check is provided in Buchanan et al (2010), presenting the possibility of
inadequate stress induction, though, as shown in Supplementary Table 2, the modified
version of the TSST used in the Van Hedger study did significantly alter HRV.
Supplementary Table 2 indicates that 14 out of the 17 studies reported successful
manipulation checks, showing significant stress-related changes in HPA, HRV or subjective
mood states. In fact, our re-analysis of these 14 studies does not change the main findings. In
our attempt to try to understand the source of variation between studies in reported effect
size estimates, we obtained correlations between HRV during stress and cortisol output,
however, generally those correlations were non-significant across studies (data not shown),
confirming the previously-reported non-significant relationship between HPA and HRV
(Pulopulos et al., 2020; Pulopulos et al., 2018). Nonetheless, the above-specified, or other
factors we are unable to decipher from the current data, contributed to the negative direction
of standardized means difference in Gamaiunova et al., 2019; Jonsson et al., 2015;
Maattanen et al., 2018; Buchanan et a., 2010 and Van Hedger et al., 2017.

This study does present several limitations. A general limitation of the meta-analytic
approach is lack of complete data availability. The availability of data from publications in
our analysis was 40%. Despite this challenge, in our sample of 929 individuals, we found no
evidence of heterogeneity or publication bias across all four of the evaluated timepoints. A
conceptual limitation of the present study is that effects in the context of an acute stressor,
like a laboratory-based stress-induction paradigm, do not necessarily generalize to the
effects of chronic stress in everyday life. Although many theories relate HRV to
parasympathetic activation and to vagal nerve activity specifically (Porges, 2001; Thayer and
Lane, 2000), others have noted that when respiratory rate is not controlled for, this measure
is less physiologically specific (Ritz, 2009). Furthermore, the articles included in this study
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contained several methodological differences in the collection and assessment of HRV.
Durations of the baseline, preparation, test, and recovery phases for HRV measurement
varied between studies from as short as two minutes to as long 20 minutes, and both time
and frequency-domain measures were included. Further, in some cases measurement
durations fell short of the ideal minimum durations for assessing these metrics. These
differences could account for some of the variability observed in the present results. The
studies included here also differed in whether or not menstrual cycle phase was recorded for
women, and this is an important consideration for future studies. Finally, the articles
presented here generally did not control for respiration rate.

In the present meta-analysis, we found that across studies comparing HRV in men and
women, women show reduced HRV during acute social stress challenge. This finding
addresses a gap in the literature related to sex-specific autonomic cardiac control during
stress and contributes to a greater understanding of sex-specific physiologic reactivity to
social evaluative stressors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. During psychosocial stress (i.e. speech delivery), women showed lower heart

rate variability (HRV) than men.

. Women displayed marginally lower HRV values during stress anticipation and
recovery, while the baseline values between men and women were
indistinguishable.

. These findings contribute to our understanding of sex differences in stress-
induced hyperarousal, measured by HRV.
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283 records identified
through database searching

V

177 abstracts screened for
relevance following removal
of duplicates

Page 16

87 full-text articles assessed
for eligibility

43 final studies meeting
inclusion/exclusion criteria

!

17 final studies analyzed

Figure 1.
PRISMA flow diagram

V

9 — No HRV measure
6 —Task irrelevance

10 — One sex only

6 — Overlapping participants

7 — Intervention

3 — Review papers
3 — Diseased population (no healthy control)
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Men Women
Study Total Total SMD 95%-Cl
Baert 2012 3 11 0.64 [-0.66; 1.95]
Brugnera 2018 29 31 ——+——> 0.61 [0.09; 1.12]
Buchanan 2010 27 27 — -0.03 [-0.56; 0.51]
Clamor 2018 27 32 0.06 [-0.45; 0.57]
Dijkhuis 2019 19 7 0.63 [-0.26; 1.52]
Espin 2019 25 51 0.12 [-0.36; 0.60]
Gamaiunova 2019 12 10 -0.57 [-1.43;0.29]
Grimley 2018 10 20 0.48 [-0.29; 1.25]
Jonsson 2015 9 i -0.22 [-1.21;0.77]
Klumbies 2014 38 30 —+—=—— 0.58 [0.09; 1.07]
Maattanen 2018 4 42 -0.01 [-1.03; 1.02]
Moretta 2018 4 17 0.48 [-0.62; 1.58]
Pulopulos 2018 85 74 0.19 [-0.12; 0.50]
Schwarz 2018 25 27 0.47 [-0.08; 1.02]
Strahler 2010 72 55 ——=——  0.57 [0.21;0.93]
Van Hedger 2017 25 16 -0.28 [-0.91; 0.36]
Wearne 2019 26 32 0.54 [0.01; 1.06]
Fixed effect model 440 489 > 0.29 [ 0.16; 0.43]
Random effects model = I 0.29 [ 0.13; 0.44]

Heterogeneity: /2 = 15%, t° = 0.0150, p = 0.28 f T T

-1 -0.5 0 0.5
Standardized Mean Difference

Figure 2.
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Weight Weight
(fixed) (random)

1.1% 1.3%
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7.6% 7.9%
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100.0% -
- 100.0%

Forest plot of sex differences in HRV during stress. Positive standardized mean difference
means that women have /ower HRV compared to men (fixed effects model: p<0.0001;

random effects model: p=0.0016)
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Funnel plot of included studies.
and publication bias (p=0.50)

Results of statistical analysis indicate absence of asymmetry
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Figure 4.
Effect size estimates for sex differences in HRV across four psychosocial stress test phases.

Neurosci Biobehav Rev. Author manuscript; available in PMC 2021 July 01.



Page 20

Hamidovic et al.

4H 903 S S S S 0¢ 0T 0T 79 [x44 43 9¢ 610¢ auled/\
VSd 903 S € 4 S S € 4 €71 0'0¢ 9T GZ LT0z  J9bpsH uep
(Jonuow de1pIRD
adsSING 10T8S Je|0d) 4 4 4 4 0¢ 0T € 08T STy 1] ¢.  010¢C Js|yens
921A8Q 3]qeHod
dssINg X2008 Jejod 4 4 4 4 09 0T S SOy Ty LC G¢ 810¢ ZIeMyds
adsSING 903 S S S S ST 0T S 1T 00€ 175 68  810¢ sojndojnd
adssINg 903 € € € € € S € 6¢C geC LT ¥ 810¢ BlRIoN
4H 903 4N 4N 4N 4N 8 € € 00T 178¢ [44 ¥ 810¢ usueneep
Jojluow oeIpIed . .
dssINg 10185 Jejod 4 4 4 4 09 0T S 00T [A o€ 8¢ ¥10¢ sslquini
vSd 903 S S S S (014 0T S 9 4% L 6 ST0C uossuor
(gxorsum)
4H I918WIXo S S S 14 dN 0T N v 8'6T 0¢ 0T 810¢ EIE)
as|nd uIoM-1SLIAA
(Jonuow oeIpIed
adssINg X0008SY 1e|0d) 4 4 4 4 0¢ 0T 0T S0T 9Ly 0T ¢l  610¢ eAounrewes
901A8Q 3]qenod
(919pow ‘ojunns) . .
aSSNY  “55insq sjqeLIOg s S S S 0z ot ot 9T  T6T 1S Sz 610C uids3
dssINg 903 S S S S 4N 9 L ST 9'0¢ L 6T 610¢C sinyyha
adsSING 903 S S S S 0T 0T € 81T 6'6¢ 43 LZ  810¢ Jowre|y
4H 903 4N 0T 0T S 4N 0T 0T L'0T ¢'0S L2 L¢  010¢ ueueyong
asswy (8sind) NS z g N S z ge 952 e 6z 8l0z  eseubnig
921A8Q 3]qenod
lojuow oeIpIed . .
adsSING 10185 Je1od 0¢ 4N 4N 0¢ 0€ 4N € 99 L9¢ T € ¢10¢ uaeg
(unw) (urw) uoneineq
A1an003y 153l uonededaud auljeseg  A1an029y 1oL uonesedaid pIepUEIS UeS|N  USWOAN  US
FANSVY3IN POYIsIN
AdH BuIpI099Y (aBeaane uiw) MOpUIAA SISAjeuy 10003044 1S3 SSa41S aby ,swuedidnued 8z1S a|dwes  JeaA Joyiny

Author Manuscript

Author Manuscript

‘Tal1qeL

Author Manuscript

Author Manuscript

sonsus)oeeyd Apnis fenpiAlpul

Neurosci Biobehav Rev. Author manuscript; available in PMC 2021 July 01.



	Abstract
	Introduction
	Methods
	Search Strategy
	Inclusion/Exclusion Criteria
	Data Extraction
	Data Analysis

	Results
	Characteristics of Individual Studies
	Evaluation of Sex Differences in HRV During Stress
	Evaluation of Sex Differences in HRV Before and After Stress
	Sub-Analysis of HRV Measures During Stress

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.

