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BRIEF REPORT
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ABSTRACT
Resting heart rate variability (HRV), a surrogate index of cardiac vagal modulation, is considered a puta-
tive biomarker of stress resilience as it reflects the ability to effectively regulate emotions in a changing
environment. However, most studies are cross-sectional, precluding longitudinal inferences. The high
degree of uncertainty and fear at a global level that characterizes the COVID-19 pandemic offers a
unique opportunity to explore the utility of HRV measures as longitudinal predictors of stress resilience.
This study examined whether resting measures of HRV prior to the COVID-19 outbreak (i.e. nearly
2 years before; Time 0) could predict emotion regulation strategies and daily affect in healthy adults
during the May 2020 lockdown (Time 1). Moreover, we evaluated the association between HRV meas-
ures, emotion regulation strategies, subjective perception of COVID-19 risk, and self-reported depressive
symptoms at Time 1. Higher resting HRV at Time 0 predicted a stronger engagement in more func-
tional emotion regulation strategies, as well as of higher daily feelings of safeness and reduced daily
worry at Time 1. Moreover, depressive symptoms negatively correlated with HRV and positively corre-
lated with the subjective perception of COVID-19 risk at Time 1. Current data support the view that
HRV might not only be a marker but also a precursor of resilience under stressful times.
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Introduction

On 11 March 2020, the COVID-19 outbreak was declared a
global pandemic, and almost all countries in the world have
introduced national lockdowns. Psychosocial efforts to resist
the lockdown situation first and then overcome the negative
consequences of the pandemic have caused mental health
problems and continue to challenge vulnerable individuals
(Rajkumar, 2020). Indeed, the identification of risk, vulnerabil-
ity, and protective factors for mental health has been recog-
nized as a research priority (Holmes et al., 2020).

In this regard, resting vagally-mediated heart rate variabil-
ity (vmHRV), a surrogate index of cardiac vagal modulation,
has been indicated as a putative biomarker of stress resili-
ence, as it reflects the ability to effectively regulate emotions
in a changing environment (Carnevali et al., 2018; Thayer
et al., 2012). Unfortunately, the majority of such investiga-
tions is cross-sectional and longitudinal studies on vmHRV as
a predictor of stress resilience are sparse. For example, pre-
liminary studies have shown that lower HRV before or in the
aftermath of a traumatic experience predicts the develop-
ment of PTSD symptoms in adults (reviewed in (Carnevali

et al., 2018)). To the best of our knowledge, the association
between vmHRV and COVID-19-related stress was examined
only in one study, in which changes in HRV parameters dur-
ing and after the lockdown period appeared to be in line
with subjective well-being (Bourdillon et al., 2020). Moreover,
in a study conducted on U.S. residents, autonomic reactivity
measured using a self-report questionnaire mediated the
relation between past traumatic experiences and mental
health indices during the COVID-19 pandemic (Kolacz et al.,
2020). However, a recent study in adolescents found that sus-
ceptibility to mental health difficulties associated with
COVID-19 stress was predicted by higher resting vmHRV
assessed four years earlier (Miller et al., 2021), which is incon-
sistent with cross-sectional and longitudinal findings
in adults.

The present investigation aimed at extending previous
findings, with the hypothesis that higher resting vmHRV,
assessed �22months earlier, would predict the use of more
functional emotion regulation strategies and daily affective
states in healthy adults during COVID-19-related forced lock-
down. Furthermore, we tested the cross-sectional relationship
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between vmHRV, depressive symptomatology, and subjective
perception of COVID-19 risk during the lockdown.

Methods

Procedure

One-hundred and seventy-two healthy individuals, whose rest-
ing vmHRV was assessed between May 2018 and October
2019 (Time 0; T0) during participation in previous studies
(Carnevali et al., 2020; Di Bello et al., 2021; Sgoifo et al., 2021),
were contacted. After the exclusion of two participants with
current diagnosis of medical disorders, a total of 69 individuals
were considered for this investigation, which includes data col-
lected during national lockdowns in Italy and United Kingdom
from 1 to 31 May 2020 (Time 1; T1) (ClinicalTrials.gov identifi-
cation code: NCT04382560). Participants provided informed
consent, and the study was approved by the IRBs of King’s
College London (LRS-19/20-18429:COVID-19) and Sapienza
University of Rome (Prot. 0000653).

Initially, participants filled out online questionnaires
including (i) the Perceived Coronavirus Risk scale (PCRS;
(Kanovsky & Halamova, 2020)), which measures the subjective
perception of COVID-19 risk; (ii) the Center for
Epidemiological Studies Depression Scale (CES-D; (Radloff,
1977)), which assesses self-reported depressive symptoms
experienced in the previous week; and (iii) the 10-item
Emotion Regulation Questionnaire (ERQ; (Spaapen et al.,
2014)), which measures the habitual use of several emotion
regulation strategies. Among them, this study focused on
cognitive reappraisal and emotional suppression as examples
of functional and dysfunctional strategies, respectively. Next,
participants were asked to download a freely available smart-
phone application (https://ecg4everybody.com/) and
instructed to record vmHRV using finger tip photoplethys-
mography for 2min under resting conditions. Specifically,
they were asked to refrain from drinking coffee and alcholic
and energizing drinks, eating a meal, smoking, and physical
exercising for at least two hours prior to the recording, simi-
lar to the T0 assessment. Subsequently, participants were
asked to rate their current levels of feeling anxious, sad, wor-
ried, optimistic, and safe on 5-point Likert scales every 2 h
during wake for 2 consecutive days, using electronic diaries
delivered by Qualtrics.

Analyses

The root mean square of successive differences between nor-
mal heartbeats (RMSSD) was considered as an index of
vmHRV (Laborde et al., 2017). This time-domain index reflects
the beat-to-beat variance in heart rate (or pulse interval) and
is less affected by respiratory influences compared to fre-
quency-domain indexes (Laborde et al., 2017). At T0, vmHRV
was measured from electrocardiographic or plethysmo-
graphic signals recorded during 3 � 5min resting conditions
(see Carnevali et al., 2020; Di Bello et al., 2021; Sgoifo et al.,
2021 for additional information). In order to obtain compar-
able measures of vmHRV, all interbeat intervals obtained
from the original 3 � 5min recordings were re-analyzed using

the Kubios HRV software (Tarvainen et al., 2014). Artifacts
and ectopic beats were corrected using a threshold-based
correction. At T1, resting vmHRV data were automatically
generated by the smartphone application without any further
processing.

Initially, Pearson’s correlations and t-tests were performed
to investigate the influence of age, sex, lifestyle factors
(smoking), and recording procedures on vmHRV values at T0.
We accounted for non-normally distributed vmHRV values
(p< .01) by calculating their natural logarithm (ln(vmHRV)).

First, linear regressions were performed to evaluate
whether ln(vmHRV) values at T0 would predict ERQ
reappraisal and suppression scores at T1. Data obtained by
daily ecological momentary assessment consist of repeated
measures; therefore, random effects mixed regression models
were applied to test whether ln(vmHRV) values at T0 would
predict momentary mood ratings at T1. The restricted max-
imum likelihood method was used for model estimation. The
covariance model among observations within subject was a
random intercept plus autoregressive model. Random slopes
were not estimated. To control for potential confounders,
months elapsed between the two assessments, sex, age, BMI,
and smoking status were included as predictors in all the
regression models.

Lastly, Pearson’s correlations were computed between
ln(vmHRV) at T0 and T1, and ln(vmHRV), CESD, PCRS, and
ERQ scores at T1, controlling for the effects of age and sex.
Statistics were performed with SPSS version 25 (SPSS Inc.,
Chicago, IL) with statistical significance set at p � .05.

Results

The final sample size, excluding incomplete responses (n¼ 3),
was n¼ 66 (Table 1). No significant associations emerged
between baseline participants’ demographic, anthropometric,
and lifestyle characteristics and ln(vmHRV) at T0.

As shown in Figure 1 and Table 2, ln(vmHRV) at T0 posi-
tively predicted the use of cognitive reappraisal at T1, con-
trolling for potential confounders. On the other hand,
ln(vmHRV) at T0 was not a significant predictor of emotional
suppression at T1.

Table 1. Participants’ characteristics (n¼ 66).

Sex Females 63.6%

Age (years) at Time 0 24.0 ± 5.9
BMI (kg/m2) at Time 0 23.2 ± 3.8
Smoking status at Time 0 Smokers 55%
HR (bpm) at Time 0 73.1 ± 13.0
vmHRV (ms) at Time 0 49.1 ± 27.7
ln(vmHRV) at Time 0 3.73 ± 0.59
Months elapsed between Time 0 and Time 1 21.5 ± 2.4
ERQ score (reappraisal subscale) at Time 1 29.7 ± 5.8
ERQ score (suppression subscale) at Time 1 13.9 ± 4.6
CESD score at Time 1 15.3 ± 4.7
PCRS score at Time 1 22.6 ± 3.9
HR (bpm) at Time 1 72.9 ± 10.2
vmHRV (ms) at Time 1 43.0 ± 18.7
ln(vmHRV) at Time 1 3.66 ± 0.46

Data are reported as means ± standard deviation.
BMI: body mass index; HR: heart rate; vmHRV: vagally-mediated heart rate vari-

ability; ln(vmHRV): natural logarithm of vagally-mediated heart rate variabil-
ity; ERQ: emotion regulation questionnaire; CESD: Center for Epidemiological
Studies Depression Scale; PCRS: Perceived Coronavirus Risk scale
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As to momentary mood, the model having “worried” at T1
as outcome yielded a significant role of ln(vmHRV) at T0 and
months elapsed between T0 and T1 as predictors (Table 3).
To better understand the significant interaction between
these predictors, we used a median split to divide partici-
pants into the Low and High HRV groups and found that

only the Low HRV group had higher levels of worry when
more months elapsed between T0 and T1 (p< .01).

In addition, the model having “safe” at T1 as outcome
yielded a significant role of ln(vmHRV) as predictor (Table 3),
also controlling for potential confounders, whereas no
significant associations emerged for “anxious”, “sad”,
and “optimistic”.

Partial correlation analyses revealed that ln(vmHRV) at T1
was positively associated with ln(vmHRV) at T0 (r¼ 0.631,
p< .001), and negatively associated with CESD (r¼ � 0.261,
p¼ .050) and ERQ suppression (r¼ � 0.255, p¼ .055) scores.
Importantly, a positive significant correlation was found
between CESD and PCRS scores (r¼ 0.391, p< .001). No sig-
nificant correlations were found between ln(vmHRV) at T1
and PCRS (r¼ � 0.210, p¼ .117) and ERQ reappraisal
(r¼ 0.179, p¼ .183) scores.

Discussion

The major and novel findings of this study is that higher rest-
ing vmHRV – assessed almost 2 years before – predicted a
stronger engagement in more functional emotion regulation
strategies, as well as higher daily feelings of safeness and
reduced daily worry during COVID-19-related forced

Figure 1. Scatterplot of the relationship between vagally-mediated heart rate
variability ln(vmHRV) values at Time 0 (T0) and scores on cognitive reappraisal
subscale of the Emotion Regulation Questionnaire (ERQ) at Time 1 (T1).

Table 2. Linear regression for the prediction of scores on the cognitive reappraisal subscale of the ERQ at Time 1 based on ln(vmHRV) values at Time 0, control-
ling for months elapsed between Time 1 and Time 0, sex, age, BMI, and smoking status.

Dependent: cognitive
reappraisal

Unstandardized
B SE t p

95% CI
lower bound

95% CI
upper bound

Model 1
(Constant) 19.72 4.36 4.56 <.001 11.06 28.38
ln(vmHRV) 2.63 1.13 2.32 .024 0.36 4.90

Model 2
(Constant) 12.09 10.42 1.160 .251 � 8.82 32.99

ln(vmHRV) 2.78 1.28 2.18 .034 0.22 5.35
Months .01 0.17 0.08 .933 � 0.32 0.35
Sex 2.73 1.69 1.61 .113 � 0.67 6.12
Age 0.05 0.15 0.35 .727 � 0.24 0.34
BMI 0.01 0.22 0.04 .965 � 0.43 0.45
Smoking status 0.52 1.81 0.29 .775 � 3.11 4.14

ln(vmHRV) ¼ natural logarithm of vagally-mediated heart rate variability; ERQ¼ emotion regulation questionnaire; BMI¼ body mass index; SE ¼ standard error;
CI ¼ confidence interval.

Table 3. Random effects regression models for the prediction of momentary levels of feeling “worried” and “safe” at Time 1 based on ln(vmHRV) values at Time
0, controlling for months elapsed between Time 1 and Time 0, sex, age, BMI, and smoking status.

Estimate SE df t p
95% CI lower

bound
95% CI

upper bound

Dependent: worried
Intercept 5.38 1.80 61.78 2.99 .004 1.78 8.98
ln(vmHRV) � 1.09 0.38 61.26 � 2.77 .007 � 1.88 � 0.30
Months � 0.21 0.07 62.06 � 2.87 .006 � 0.36 � 0.06
Sex � 0.18 0.16 63.46 � 1.14 .258 � 0.49 0.13
Age 0.01 0.01 63.20 0.57 .574 � 0.02 0.03
BMI 0.02 0.02 62.60 1.05 .297 � 0.02 0.06
Smoking status � 0.06 0.15 62.44 � 0.36 .720 � 0.37 0.26
lnvmHRV�months 0.05 0.02 61.86 2.64 .010 � 0.01 � 0.08

Dependent: safe
Intercept � 1.91 2.41 63.76 � 0.80 .429 � 6.72 2.89
ln(vmHRV) 1.16 0.53 63.54 2.20 .031 0.11 2.21
Months 0.10 0.10 63.89 1.03 .306 � 0.01 0.30
Sex � 0.38 0.21 64.63 � 1.80 .077 � 0.08 0.04
Age � 0.02 0.02 64.44 � 1.01 .317 � 0.05 0.02
BMI 0.04 0.03 64.16 1.73 .086 � 0.01 0.10
Smoking status 0.26 0.21 64.11 1.23 .222 � 0.16 0.68
ln(vmHRV)�months � 0.04 0.02 63.83 � 1.82 .074 � 0.09 0.00

ln(vmHRV): natural logarithm of vagally-mediated heart rate variability; BMI: body mass index; SE: standard error; CI: confidence interval
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lockdown. Present longitudinal findings strengthen previous
cross-sectional studies showing that resting vmHRV is posi-
tively correlated with functional emotion regulation strat-
egies, such as cognitive reappraisal (e.g. Denson et al., 2011).
Of note, a negative correlation between vmHRV at T1 and
emotional suppression strategies was also found in the pre-
sent investigation, replicating previous work linking vmHRV
with the inability to accept negative emotions and with sub-
sequent emotional suppression (e.g. Visted et al., 2017).
These results are particularly relevant in the context of stress-
ful situations such as the COVID-19 pandemic, considering
that maladaptive emotion regulation has been associated
with negative psychological and somatic health outcomes
(Hu et al., 2014). Relatedly, we found that self-reported
depressive symptoms over the forced lockdown were posi-
tively correlated with the subjective perception of COVID-19
risk and negatively correlated with concurrent measures of
vmHRV. Remarkably, in line with the neurovisceral integration
theoretical perspective (Thayer & Lane, 2000), higher pre-
COVID-19 vmHRV levels predicted reduced worrisome affect-
ive state and increased sense of safeness experienced for two
consecutive days over the course of the lockdown, suggest-
ing that HRV might not only be a marker but also a precursor
of vulnerability/resilience to stress (Carnevali et al., 2018).
Moreover, the finding that the relationship between vmHRV
and worry was stronger when low vmHRV was measured fur-
ther back in time strengthens the longitudinal predictive
power of HRV. We speculate that low resting vmHRV may sig-
nal a downward spiraling where impaired vagal tone and
psychological wellbeing reciprocally influence one another as
a function of time (Kok & Fredrickson, 2010). Notably,
momentary levels of sadness, anxiety, and optimism were
not significantly predicted by HRV at T0, pointing to the spe-
cificity of this biomarker for the inner sense of safeness and
worry. This is in line with the idea that HRV-related measures
index the activity of a core set of neural structures that con-
tinuously assess the environment for signs of threat and
safety and prepare the organism to adaptively regulate cog-
nition, behavior, and physiology (Thayer & Lane, 2000).

In interpreting our findings, we must acknowledge several
limitations. First, due to difficulties in recruiting participants
with reliable measures of vmHRV before the pandemic, the
sample size is modest and should be extended in the future.
For example, we did not have a sufficient sample size to elu-
cidate the interaction between vmHRV and worry with the
traditional ± 1 standard deviation approach, and used a
median split procedure instead. Second, we obtained vmHRV
measures at T1 with the use of a smartphone app, which
could be suboptimal because smartphone apps cannot dis-
criminate between sinus and non-sinus beats. Nevertheless,
we found a significant correlation between vmHRV measures
at T1 and T0. Moreover, we do not have measures of emo-
tional regulation strategies at T0; this prevented us to per-
form a cross-lagged panel analysis, which would have
provided stronger evidence of the role of vmHRV as a pre-
dictor. Relatedly, it must be noted that the questionnaire
used for the assessment of emotion regulation strategies at
T1 was not specifically tailored at the COVID-19 pandemic;
therefore, our findings should be interpreted more generally

in the context of coping styles during stressful situations.
Lastly, we did not collect data on physical activity at T0,
therefore, we could not control for this potential confounder
in the regression models.

Notwithstanding these limitations, the present results
might support the implementation of HRV assessment for
early identification of individuals who are at higher risk to
suffer from stress-related symptoms (Carnevali et al., 2018),
and encourage the use of interventions, such as transcutane-
ous vagus nerve stimulation, HRV biofeedback, and compas-
sion-focused therapy to increase vmHRV as a way to foster
resilience during stressful pandemic periods and beyond
(Dedoncker et al., 2021). Considering that the COVID-19 pan-
demic has led to widespread increases in mental health prob-
lems, including anxiety and depression, research aimed at
identifying vulnerability risk factors is of clinical relevance.
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