MCBU SBED
MANISA CELAL BAYAR UNIVERSITESI SAGLIK BILIMLERI ENSTiTUSU DERGISi

MANISA CELAL BAYAR UNIVERSITY JOURNAL OF INSTITUTE OF HEALTH SCIENCE
ISSN: 2147-9607

ARASTIRMA MAKALESI
RESEARCH ARTICLE
CBU-SBED, 2021, 8(3): 516-523

Heart Rate Variability in Patients with Suspected or Confirmed
Diagnosis of COVID-19: A Retrospective Analysis in Comparison to
Healthy Controls and in Relation to Proinflammatory Cytokines

(COVID-19 Siipheli veya Kesin Tamis1 Alan Hastalarda Kalp Hizi
Degiskenligi: Saghkh Kontrollere Kiyasla ve Proinflamatuvar Sitokinler
Acisindan Bir Retrospektif Analiz)

Dursun Topal?, Berat Uguz'*, Ismet Zengin?, Selvi Oztas?, Selma Kenar Tiryakioglu®
'Bursa City Hospital, Bursa, Turkey.

e-mail: dursuntopal@yahoo.com, beratuguz33@hotmail.com, ismetzengin48@hotmail.com,
selvi3sbyih@hotmail.com, selmatiryakioglu26@gmail.com, selmatiryaki@msn.com
ORCID: 0000-0001-7053-2131
ORCID: 0000-0002-4834-5572
ORCID: 0000-0003-0758-649X
ORCID: 0000-0002-0867-3264
ORCID: 0000-0003-3443-6593
*Sorumlu yazar/ Corresponding Author: Berat Uguz

Gonderim Tarihi / Received: 15.08.2021
Kabul Tarihi / Accepted: 20.08.2021
DOI: 10.34087/cbusbed.983215

Oz
Giris ve Amag: Bu calisma, Koronaviriis hastaligi-2019 (COVID-19) siipheli veya kesin tanisi ile yatisi yapilan
hastalarda kalp hizi degiskenliginin (KHD) saglikli kontrollerle kiyaslanmasi ve proinflamatuvar sitokinler
baglaminda degerlendirilmesi amaci ile tasarlandi.
Gerec ve Yontemler: Bu caligmaya, 3 alt gruptan olusan (53 kesin COVID-19 tanisi almis hasta, 42 siipheli COVID-
19 tanis1 almis hasta ve 20 saglikli kontrol) toplam 115 denek dahil edildi. Hasta demografik 6zellikleri, inflamatuvar
belirtegler (C-reaktif protein [CRP], D-Dimer, ferritin ve prokalsitonin) ve 24-saat Holter monitorizasyon
parametrelerine ait veriler kaydedildi.
Bulgular: Holter monitorizayonu parametrelerinin higbiri, siipheli ve kesin COVID-19 tanisina sahip gruplar arasinda
anlamli fark gostermedi. Siipheli ve kesin COVID-19 tanili her iki grupta, biitiin NN intervallerinin standart sapmasi
(SDNN, her biri igin p<0,001) ve KHD triangular indeksi (her biri i¢in p<0,001) degerleri kontrol grubu degerlerine
gore anlamli olarak daha disiik iken, ardisik normal NN intervalleri arasindaki farklarin karekokii (RMSSD, her biri
icin p<0,001), diisiik frekans (LF, sirasiyla p=0,001 ve p<0.001), yiiksek frekans (HF, her biri i¢in p<0,001) ve LF/HF
orant (her biri i¢in p<0,001) degerleri kontrol grubu degerlerine goére anlamli olarak daha yiiksek bulundu.
Prokalsitonin ve SDNN degerleri arasinda pozitif korelasyon mevcuttu (r=0,227, p=0,044).
Sonug¢: Bulgularimiz COVID-19 hastalarinda KHD’nin hem zaman-bagimli hem de frekans-bagimli parametreler
acisindan O6nemli degisimler gosterdigine ve bu degisimin viral yilikten bagimsiz olup, otonom sinir sistemi
disfonksiyonu lehine olduguna isaret etmektedir. Dolayisiyla bulgularimiz, KHD’nin COVID-19 hastalarinda altta
yatan inflamatuvar siirece veya tedavi yan etkilerine bagl gelisen otonom disfonksiyonun degerlendirilmesi agisindan
kullanight bir klinik arag olarak sitokin firtinasinin erken tahmini, tiraj, hastalik progresyonunun izlenmesi ve tedavi
bakimindan klinisyenlere yol gosterebilecegi yoniindedir.

Anahtar kelimeler: COVID-19, Frekans-bagimli indeksler, Kalp hiz1 degiskenligi, Kesin tani, Proinflamatuvar
sitokinler, Siipheli tan1, Zaman-bagimli indeksler.
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Obijective: This study was designed to evaluate heart rate variability (HRV) in hospitalized patients with suspected
or confirmed diagnosis of coronavirus disease-2019 (COVID-19) in comparison to healthy controls and in relation to
proinflammatory cytokines.

Materials and Methods: A total of 115 subjects consisting of 3 subgroups (53 patients with confirmed diagnosis of
COVID-19, 42 patients with suspected diagnosis of COVID-19 and 20 healthy controls) were included in this study.
Data on patient demographics, inflammatory markers (C-reactive protein [CRP], D-Dimer, ferritin, procalcitonin) and
the 24-h Holter monitoring parameters were recorded.

Results: None of the Holter monitoring parameters differed significantly between patients with suspected COVID-19
and those with confirmed COVID-19. In both suspected COVID-19 and confirmed COVID-19 groups, standard
deviation of all NN intervals (SDNN, p<0.001 for each) and HRV triangular index (p<0.001 for each) values were
significantly lower than the values in the control group, while the root mean square of differences between successive
NN intervals (RMSSD, p<0.001 for each), low frequency (LF, p=0.001 and p<0.001, respectively), high frequency
(HF, p<0.001 for each) and LF/HF ratio (p<0.001 for each) values were significantly higher than the values in the
control group. Procalcitonin and SDNN values (r=0.227, p=0.044) were positively correlated.

Conclusion: Our findings revealed significant changes in both time-domain and frequency-domain parameters of
HRV in COVID-19 patients, regardless of the viral load, in favor of autonomic nervous system dysfunction.
Accordingly, our findings indicate the potential utility of HRV as a valuable clinical tool to monitor autonomic
dysfunction in COVID-19 patients resulting from the underlying inflammatory process or the treatment side effects,
aiding clinicians in early prediction of a cytokine storm, and in the triage, disease progress monitoring and treatment.

Keywords: COVID-19, heart rate variability, time domain indices, frequency-domain indices, suspected diagnosis,

confirmed diagnosis, proinflammatory cytokines

1. Introduction

The coronavirus disease-2019 (COVID-19), an
infectious disease caused by a novel severe coronavirus
designated as acute respiratory syndrome coronavirus-2
(SARS-CoV-2), has become a global pandemic since its
onset in Wuhan, China, at the end of 2019 [1,2].
Although the disease affects predominantly the
respiratory system, cardiac involvement is considered a
possible late phenomenon with great concern in COVID-
19 as manifested in nearly up to one third of patients with
myocardial injury, arrhythmias, cardiac arrest, heart
failure and coagulation abnormality [3-6].

The first stage of viral replication is followed by the
second stage of lung involvement with development of
severe pneumonia and adult respiratory distress
syndrome (ARDS) in COVID-19, and then the third stage
appears involving a cytokine storm (increase in release of
interleukin [IL-6], ferritin, C-reactive protein [CRP] or
D-dimer), a large adrenergic release modulated by the
sympathetic nervous system (SNS) and a compensatory
anti-inflammatory response (CARS) modulated by the
anti-inflammatory  cholinergic pathway and the
parasympathetic nervous system (PNS) [7-10].
Emerging at the third stage of the disease, the
cardiovascular manifestations have been associated with
clinical deterioration and increased mortality among
COVID-19 patients [3,7,11,12]. Moreover, the concerns
about the cardiac involvement in COVID-19 is further
complicated by the fact that drugs commonly used in

severe CovID-19 cases (i.e.
chloroquine/hydroxychloroquine, azithromycin,
lopinavir/ritonavir, protease inhibitors,

fluoroguinolones) have a cardio-toxic QT prolonging
potential themselves and may cause and exacerbate
cardiac failure, arrhythmia or other cardiovascular
disorders [3,13,14]. Being amongst the official
treatments used in COVID-19 patients in our county, the
combination of azithromycin and chloroquine or

hydroxychloroquine is considered to be particularly
associated with increased likelihood of precipitating the
cardiac dysrhythmias [14].

The heart rate variability (HRV) analysis, providing data
on the modulation of the sympathetic and
parasympathetic branches of the autonomic nervous
system (ANS), is a readily available noninvasive tool
being utilized for decades to evaluate general well-being
in various clinical settings [15,16] and has been
associated with the infection and immune system
function in several medical conditions [17-21].

The main mechanism underlying the cardiac
manifestations of COVID-19 is considered the virus-
dependent alteration of hypothalamic pituitary axis
functions with subsequent development of autonomic
dysfunction [4]. Accordingly, the HRV analysis has
become increasingly recognized tool enabling a non-
invasive measure of autonomic function in COVID-19
patients, which may also facilitate identification of at the
risk of developing cardiovascular complications and
provide early warning of impending cytokine storm and
earlier recognition of clinical deterioration [4,21].

In fact, certain HRV parameters has been suggested to
predict the severity and mortality in critically ill patients
with COVID-19 as well as to be related to levels of
proinflammatory cytokines, such as IL-6, CRP, and
procalcitonin [7].

No study to date has addressed the HRV parameters in
COVID-19 patients in Turkey. This retrospective
observational study aimed to investigate the HRV indices
in hospitalized patients with suspected or confirmed
diagnosis of COVID-19 in comparison to healthy
controls and in relation to proinflammatory cytokines
(CRP, D-Dimer, ferritin and procalcitonin).

2. Materials and Methods
2.1. Study population
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A total of 95 patients hospitalized with confirmed (n=53)
or suspected (n=42) diagnosis of COVID-19 and 20
healthy control subjects were included in this
retrospective observational study conducted at a tertiary
care cardiology clinic. The confirmed COVID-19 cases
were patients with laboratory confirmation of SARS-
CoV-2 positivity on first or repeated real-time reverse
transcription-polymerase chain reaction (RT-PCR) test.
Suspected COVID-19 cases were those with findings
suggestive of COVID-19 pneumonia on lung computed
tomography (CT) but with a negative RT-PCR test. Adult
(=18 years of age) patients with lung CT imaging or RT-
PCR analysis based diagnosis of COVID-19 who had 24-
h Holter monitoring during their hospitalization were
included in the study.

Written informed consent was obtained from each
subject following a detailed explanation of the objectives
and protocol of the study which was conducted in
accordance with the ethical principles stated in the
“Declaration of Helsinki” and approved by the
institutional ethics committee.

2.2. Assessments

Data on patient demographics (age, gender), comorbid
diseases and proinflammatory cytokines (CRP, D-Dimer,
ferritin, procalcitonin) were recorded in suspected
COVID-19 and confirmed COVID-19 groups, while the
24-h Holter monitoring parameters (on 3 day of
hospitalization) were recorded in suspected and
confirmed COVID-19 groups as well as in the control
group.

2.3. 24-h Holter monitoring and HRV analysis

The ECG parameters included sinus rhythm (SR), atrial
fibrillation count (AF), heart rate (HR, bpm), corrected
QT interval (QTc), T-peak to T-end intervals (Tpe),
ventricular extrasystoles (VES), supraventricular ectopy
(SVE), supraventricular tachycardia (SVT) and
paroxysmal atrial fibrillation (PAF) episodes.

The time-domain HRV indices included SDNN (the SD
of all NN intervals, ms), SDNNI (SDNN index, the mean
of the 5-minute SD of NN intervals 5 minutes calculated
over 24 hours, ms), SDANN (The SD of the average NN
intervals, measured for 5-minute recording, ms), RMSSD
(The root mean square of successive NN intervals, ms),

NN50 count (number of pairs of adjacent NN intervals
differing by more than 50 milliseconds), pNN50
(percentage of pairs of adjacent NN intervals differing by
more than 50 milliseconds, %) and HRV triangular index
(total NN intervals number/height of the histogram of all
NN intervals).

The frequency-domain HRV indices included LF (low
frequency power, ms?), HF (high frequency power, ms?)
and the LF/HF ratio. The heart rate turbulence indices
included turbulence onset (TO, %) and turbulence slop
(TS, ms/beat).

2.4. Treatments

All patients diagnosed with COVID-19 were treated with
hydroxychloroquine sulfate (a loading dose of 2x400 mg
tablet followed by 2x200 mg tablet for 5 days) and/or
favipiravir (2 x 1600 mg loading, 2 x 600 mg
maintenance for 5 days) and/or azithromycin (500 mg
tablet, on the first day and 250 mg/day for the following
4 days) in accordance with the official COVID-19 Adult
Treatment Algorithm guidance established by Republic
of Turkey Ministry of Health [22].

2.5. Statistical analysis

Statistical analysis was made using IBM SPSS Statistics
for Windows, version 23.0 (IBM Corp., Armonk, NY).
Pearson Chi-square (y2) test and Fisher’s exact test were
used for the comparison of categorical data. Mann-
Whitney U test, independent sample t-test, ANOVA or
Kruskal-Wallis test (with Dunn’s post-hoc test) were
used for the numerical variables. Data were expressed as
“mean + standard deviation (SD), median (min-max) and
percent (%) where appropriate. p<0.05 was considered
statistically significant.

3. Results and Discussion

3.1. Results

3.1.1.Baseline characteristics and inflammatory markers
No significant difference was noted between suspected
COVID-19 and confirmed COVID-19 groups in terms of
age (meantSD 53.6 £ 18.6 vs. 51.0 £ 13.1 vyears,
respectively), gender (females: 42.9 vs. 39.6%,
respectively) and the comorbid diseases (hypertension in
21.4 vs. 26.4%, respectively) (Table 1).

Table 1. Baseline characteristics and pro-inflammatory cytokines in COVID-19 groups

Suspected COVID-19 (n=42) Confirmed COVID-19 (n=53) p value
Patient demographics
Age (years), mean+SD 53.6 +18.6 51.0+13.1 0.444
Gender (female), n(%) 18 (42.9) 21(39.6) 0.750
Comorbidities, n(%o)
Hypertension 9(21.4) 14 (26.4) 0.573
Diabetes 7(16.7) 10 (18.9) 0.781
Coronary artery disease 2(4.8) 7(13.2) 0.163
Chronic heart failure 5(11.9) 2(3.8) 0.235
Chronic kidney failure 3(7.1) 3(.7) 1.000

Proinflammatory cytokines, median (min-max)

CRP (mg/L) 33.8(0.2-264) 23.2(0.2-195) 0.188
D Dimer (pg/mL) 0.56(0.15-141) 0.31(0.16-8.94) 0.214
Procalcitonin (ng/mL) 0.07(0.2-15.20) 0.07(0.02-0.40) 0.235
Ferritin (ug/L) 185.0(4.72-952.0) 212.0(5.76-1704.0) 0.183

CRP: C-reactive protein
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CRP, D-dimer, procalcitonin and ferritin levels were also
similar between suspected and confirmed cases of
COVID-19 (Table 1). In-hospital mortality did not occur
in any of COVID-19 patients and all were discharged
with full recovery.

3.1.2. 24-h Holter monitoring findings in study groups

No significant difference was noted between control,
suspected COVID-19 and confirmed COVID-19 groups
in terms of HR, SDNNI (ms), pNN50 (%), TO (%) and
TS (ms/beat). None of the Holter monitoring parameters
differed significantly between patients with suspected
COVID-19 and those with confirmed COVID-19 (Table
2).

Table 2. 24-h Holter monitoring findings on ECG, HRV and HR turbulence indices in COVID-19 and control groups

Control Suspected Confirmed COVID- Post-Hoc p value

mean+SD (n=20) (A) COVID-19 19 pvalue Avs.B Avs.C Byvs.

(n=42) (B) (n=53) (C) C
ECG parameters
HR-max (bpm) 121.35+30.13  127.40+18.21 115 +12.50 0.080 - - -
HR-min (bpm) 54.05+5.97 61.24 +13.04 57.58 +11.71 0.068 - - -
QTc - 452.64 +18.59 457.55 +18.65 0.206 - - -
Tpe - 83.76 £ 14.19 87.89 £ 14.41 0.169 - - -
Number of VES 14.50 £ 127.75 0+2.25 1+7.75 0.019 0.005 0.094 0.345
Number of SVE 27.50 +7.65 0+1.25 0+525 0.001 <0.001 0.001 0.531
Number of SVT 0+0.9 0 0 0.076 - - -
Number of PAF episodes - 0 0 0.868 - - -
HRYV, time-domain
indices of
SDNN (ms) 134.40 + 30.15 99.98 +27.29 94 £23 <0.001 <0.001 <0.001 0.803
SDNNI ( ms) 36.55+16.42 25 +15.50 21+9.75 0.060 - - -
SDANN (ms) 116.75 £ 28.11 81.17 +£26.50 81+ 18 <0.001 <0.001 <0.001 0.937
RMSSD (ms) 51.50 £23.04 11871+ 11674 12334 + 8860.25 <0.001 <0.001 <0.001 0.584
NN50 count ol 2962513425 23074285125 0004 0004 0002 0851
pNN50 (%) 8+7 3+8 3+£55 0.056 - - -
HRV triangular index 30.05 +7.54 19.49 £ 6.01 20+5.5 <0.001 <0.001 0.001 0.423
HRYV, frequency-
domain indices
LF (ms?) 15.16 £7.25 57.42 +38..99 56.80 +23.65 <0.001 0.001 <0.001 0.561
HF (ms?) 72.77+6.8 18.36 £15.73 20.47 +14.19 <0.001 <0.001 <0.001 0.566
LF/HF ratio 0.19+0.14 2.16 £3.79 2.18+2.90 <0.001 <0.001 <0.001 0.742
HR turbulence indices
TO (%) 0+0.01 -0.01 +0.02 -0.02 +0.02 0.130 - - -
TS (ms/beat) 2.05+ 5.87 6.51 £641 5.88 £2.64 0.226 - - -

SR: Sinus rhythm count; AF: Atrial fibrillation; HR: Heart rate; QTc: corrected QT interval; Tpe: T-peak to T-end intervals; VES: Ventricular
extrasystoles; SVE: Supraventricular ectopy; SVT: Supraventricular tachycardia; PAF: Paroxysmal atrial fibrillation (PAF) episodes; SDNN:
SD of all NN intervals; SDNNI: SDNN index; SDANN: SD of the average NN intervals; RMSSD: Root mean square of successive NN intervals;
NNS50: Pairs of adjacent NN intervals differing by more than 50 milliseconds; pNN50: percentage of NN50; LF: Low frequency power; HF:

High frequency power; TO: Turbulence onset; TS: Turbulence slop

The number of SVE (27.50 + 7.65 vs. 0 £ 1.25 and 0 +
5.25, p<0.001 and p=0.001, respectively) in both
suspected and confirmed COVID 19 groups, while the
number of VES values (14.50 + 127.75vs. 0 + 2.25,
p=0.005) in the suspected COVID-19 group were
significantly lower than the values in the control group
(Table 2).

For the time-domain HRV indices, in both suspected
COVID-19 and confirmed COVID-19 groups, SDNN
(134.40 £+ 30.15 vs.99.98 + 27.29 and 94 + 23 ms,
respectively, p<0.001 for each), SDANN (116.75+28.11
vs. 81.17 £ 26.50 and 81+ 18 ms, respectively, p<0.001
for each), NN50 count (9890.50 £ 5168.54 vs. 2962 +
5134.25 and 2307 + 2851.25, p=0.004 and p=0.002,
respectively) and HRV triangular index (30.05 + 7.54 vs.
19.49 £ 6.01and 20 + 5.5, respectively, p<0.001 for each)
values were significantly lower, whereas RMSSD values
(51.50 £23.04 vs. 11871 £ 11674 and 12334 + 8860.25

ms, p<0.001 for each) were significantly higher than the
values in the control group (Table 2)

For the frequency-domain indices, in both suspected
COVID-19 and confirmed COVID-19 groups, HF (72.77
+ 6.8 vs. 1836 = 1573 and 20.47 = 14.19ms?
respectively, p<0.001 for each) values were significantly
lower, whereas LF (15.16 +7.25 vs. 57.42 + 38..99 and
56.80 + 23.65ms?, p=0.001 and p<0.001, respectively)
and LF/HF ratio (0.19 + 0.14 vs. 2.16 + 3.79 and 2.18 +
2.90, respectively, p<0.001 for each) values were
significantly higher than the values in the control group
(Table 2).

3.1.3. Correlation between proinflammatory cytokines
and HRV parameters

Other than significant positive correlation between
procalcitonin and SDNN values (r=0.227, p=0.044), no
correlation of CRP, D-dimer, procalcitonin or ferritin
was noted with HRV parameters (Table 3).
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Table 3. Correlation between proinflammatory cytokines and HRV parameters

Time-domain HRV indices

Frequency-domain HRV indices

SDNN RMSSD Triangular index LF HF LF/HF ratio

r -.055 -.058 -172 -.156 .052 -.143
CRP p 592 572 .094 131 .615 .166

N 95 95 95 95 95 95

r -.082 -.070 -.052 -.015 -.012 -.047
D-dimer p 429 498 .615 .886 .907 .653

N 95 95 95 94 94 94

r 227 .019 -.107 -.136 -.092 -.045
Procalcitonin  p .044 871 .346 234 423 .695

N 79 79 79 78 78 78

r -.091 -.039 -.142 .086 -.084 -.044
Ferritin p 401 719 .188 433 443 .684

N 87 87 87 86 86 86

SDNN: SD of all NN intervals; RMSSD: Root mean square of successive

Pearson Correlation analysis, r: correlation coefficient

3.2. Discussion

Our findings revealed no significant difference in the
time-domain (SDNN, SDNNI, SDANN, RMSSD, pNN
50, triangular index) or frequency-domain (LF, HF,
LF/HF ratio) HRV indices as well as in HR turbulence
parameters (TO and TS) between the suspected and
confirmed COVID-19 cases. Both the time-domain
(lower SDNN, SDANN and triangular index and higher
RMSSD) and frequency-domain (higher LF, lower HF
and higher LF/HF ratio) HRV indices significantly
differed in suspected and confirmed COVID-19 groups
when compared to the control group.

Based on the time-domain indices, our findings revealed
the lower SDNN (reflecting overall HRV), lower HRV
triangular index (reflecting overall HRV without
requiring detailed beat-by-beat scanning), lower SDANN
(reflecting total circadian rhythms and physical activity)
and higher RMSSD (reflecting PNS activity) in the
suspected and confirmed COVID-19 patients than in
control subjects. Accordingly, our findings indicate
similar heart rate and lower HRV and circadian
parameters of HRV along with higher PNS activity in
COVID-19 patients. Indeed, the HRV recordings
obtained in the suspected and confirmed COVID-19
patients in the current study are in accordance with the
cut-off values of 24-h measures of HRV defined for the
moderately depressed HRV (SDNN < 100 ms and HRV
triangular index <20) [23]. The identification of a
depressed HRV and a depressed triangular index in our
COVID-19 patients seems important given that both
parameters are considered to predict mortality and
arrhythmic  complications independent of other
recognized risk factors [23,24].

In the current study, the time-domain HRV indices
indicated low autonomic nervous system activity (i.e.
low SDNN), and a predominance of the parasympathetic
system (high RMSSD) due to sympathetic depletion,

NN intervals; LF: Low frequency power; HF: High frequency power

while frequency-domain HRV indices indicated low
vagal activity (low HF) and high sympathetic activity
(high LF) with increase in LF/HF ratio, indicating
presence of a sympathovagal modulation mediated ANS
dysfunction in COVID-19 patients. These findings seem
to suggest the varying influence of the different stages of
COVID-19 disease on autonomic dysregulation with the
severe inflammatory system response syndrome (SIRS)
and the CARS [7].

Notably, in a case control study in 63 COVID-19 infected
patients and 43 healthy controls, the authors reported an
increase in the time domain measures (SDNN and
RMSSD) and decrease in the frequency domain measures
(HF and LF) in COVID-19 patients compared to controls
with similar LF/HF ratios between the groups,
emphasizing the association of COVID-19 infection with
increased parasympathetic activity [4]. However, in a
single-center, prospective, observational pilot study in 14
critically il COVID-19 patients on mechanical
ventilation, the authors reported that a low autonomic
nervous system activity (i.e. low SDNN) and a
predominance of the parasympathetic system and a
proportionally greater vagal activity (i.e. high HF) due to
a depletion of sympathetic activity in COVID-19 patients
were associated with a worse prognosis, higher mortality,
and higher IL-6 levels [7].

Hence, our findings emphasize the consideration of HRV
as a tool to measure fluctuations in autonomic inputs to
the heart rather than the mean level of autonomic inputs,
suggesting that the both autonomic withdrawal and a
sufficiently high level of sympathetic input may lead to
reduced HRV [23,25]. Accordingly, the overall HRV
findings in the current study seem to support the
consideration of depressed HRV not to be a simple
reflection of the sympathetic overdrive and/or vagal
withdrawal due to poor ventricular performance but also
to reflect depressed vagal activity which has a strong
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association with the pathogenesis of ventricular
arrhythmias and sudden cardiac death [23]. In addition,
LF has also been suggested to reflect both sympathetic
and vagal activity rather than sympathetic modulations
per se and thus the LF/HF ratio reflects the
sympatho/vagal balance or sympathetic modulations
[23]. Notably, in a study on the usefulness of regular
HRV testing for monitoring health status in general
population during the COVID-19 lockdown, the authors
reported decreased RMSSD and HF and increased resting
heart rate in 80% of population, as indicators of poor
cardiovascular health, while in 20% of the participants
the lockdown was positively rated, as shown by an
improved well-being and parasympathetic activity
(increased RMSSD) [20].

Indeed, the decrease in SNDD along with increase in
RMSSD in our COVID-19 patients support the
significant autonomic dysregulation and a decreased
activity of the ANS with increase in the parasympathetic
activity as a reflection of the compensatory response to
depletion of sympathetic activity reported in in patients
with COVID-19 and critically ill patients [7,26].
Nonetheless, it should be noted that changes in
frequency-domain HRV indices in hospitalized COVID-
19 patients may differ from those observed in other
critically ill patient populations (i.e. those with sepsis or
myocardial infarction), that include also a lower HRV
(SDNN) but a decreased sympathovagal balance with a
reduction of the sympathetic component (LF) and a
predominance of the parasympathetic component (HF),
as predicting the increased risk of developing multiple
organ dysfunction syndromes (MODS) and mortality in
case of ARDS in critically ill patients [7,27-31].

Given that the wvagally driven cholinergic anti-
inflammatory pathway (CAP) inhibits the nuclear factor
kB (NF-kB), which is the transcriptional factor of pro-
inflammatory cytokines, a well-balanced cytokine
release is considered to depend on adequate vagal
signaling [32]. Besides, the coronaviruses also replicate
using NF-kB transcriptional factor by inducing
unrestricted NF-kB expression accelerating both, virus
replication and cytokine transcription [32]. Hence, CAP
detriment due to depressed vagal tone is considered
critical in predicting the severity of COVID-19 [32],
while the pharmacological and electrical activation of the
CAP, through non-invasive brain neuromodulation and
vagus nerve stimulation (VNS), is considered a
promising therapeutic strategy to enable sympathovagal
balance in severe courses of COVID-19 [7,9,32-36].

In fact, the increase in RMSSD (reflecting
parasympathetic activity) in COVID-19 patients in the
current study seems also notable given the consideration
of RMSSD as an HRV measure sensitive to the
inflammatory processes in viral infection [19].
Nonetheless, no significant difference was noted in any
of HRV indices including RMSSD between suspected
and confirmed cases of COVID-19 in our study,
indicating no influence of PCR confirmed viral load on
COVID-19 dependent alterations in HRV.

In addition, QTc interval, one of the main manifestations
of cardiac autonomic neuropathy [24], was also similar
in suspected and confirmed cases of COVID-19, and the
average values were >440 ms indicating “borderline QT
prolongation” [37] in both groups, possibly reflecting the
potential cardiotoxicity of hydroxychloroquine and
azithromycin treatments used in both groups [13].
Chloroquine and azithromycin are independently
associated with an increased risk of QTc prolongation
and subsequent severe arrhythmias and death, while their
combination may further potentiate this risk [38-41].

In a systematic review and network meta-analysis on the
comparative efficacy and safety of pharmacological
interventions for the treatment of COVID-19, the authors
reported that a combination of hydroxychloroquine and
azithromycin was associated with increased QT
prolongation incidence and fatal cardiac complications
(torsades de pointes, cardiac arrest, and severe
ventricular arrhythmia) in cardiac-impaired populations
[13]. Hence, the similar changes in HRV parameters in
suspected and confirmed COVID-19 groups, irrespective
of PCR-confirmed viral load, in the current study may
also reflect the potential cardiotoxicity of
hydroxychloroquine and azithromycin treatments
received by both suspected and confirmed COVID-19
patients. Hence, strict monitoring should be implemented
in all patients receiving these treatments to maintain a
tolerable safety margin [13].

Nonetheless, our findings revealed no significant
difference between the control, suspected COVID-19 and
confirmed COVID-19 groups in terms of TO and TS,
which are considered to be predictors of cardiac
autonomic activity and mortality [24].

In a meta-analysis of 51 studies in 2238 patients, the
authors concluded that HRV spectral analysis serves to
monitor the autonomic activity that controls
inflammatory processes in humans [42]. They have also
noted a strong association among inflammatory
parameters (mainly IL-6 and CRP) with a higher HF and
a low SDNN [42]. Similarly, the studies in COVID-19
patients also revealed the association of decrease in HRV
(SDNN) with elevated CRP [21), the positive correlation
of HF values with IL-6 values [7] and no correlation of
SDNN with IL-6, procalcitonin or CRP [7]. Notably, our
findings revealed no correlation of the CRP, D-dimer,
ferritin, procalcitonin with time-domain or frequency
domain indices of HRV, apart from a significant positive
correlation between procalcitonin and SDNN values.
Hence, amongst the proinflammatory cytokines
suggested to be related to HRV and thus prognosis in
COVID-19 patients, only procalcitonin seems to be
associated with low SDNN values in the current study.
Certain limitations to this study should be considered.
First, potential lack of generalizability is an important
limitation due to single-center design with relatively
small sample size. Second, inability to assess the impact
of COVID-19 per se on HRV without concomitant
treatments for ethical reasons, seems to be another
limitation of the present study
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4. Conclusion

In conclusion, representing the first retrospective real-
life observational study on HRV among COVID-19
patients in Turkey, our findings revealed significant
changes in both time-domain and frequency-domain
indices of HRV in COVID-19 patients, regardless of the
viral load, in favor of ANS dysfunction. Specifically,
time-domain measures indicated depressed HRV (low
SDNN and low triangular index) and a predominance of
the parasympathetic system (high RMSSD) due to
sympathetic depletion, while frequency-domain indices
indicates low vagal activity (low HF) and high
sympathetic activity (high LF) with increase in LF/HF
ratio (sympathovagal modulation) in COVID-19 patients
as compared with control subjects. Apart from
procalcitonin, none of the proinflammatory cytokines
correlated with HRV (SDNN). Accordingly, our findings
indicate the potential utility of HRV as a valuable clinical
tool to monitor autonomic dysfunction in COVID-19
patients resulting from the underlying inflammatory
process or the treatment-related toxicities, aiding
clinicians in early prediction of a cytokine storm, and in
the triage, disease progress monitoring and treatment. In
addition, given the suggested role of
sympathetic/parasympathetic imbalance in disease
prognosis, the non-invasive neuromodulation techniques
to maintain the balance between the components of ANS
might be used as a therapeutic strategy in critically ill
patients with COVID-19.
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