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Background: Recent studies reported a long-lasting effect of COVID-19 infection that extends beyond the active disease and 
disrupts various body systems besides the respiratory system. The current study aims to investigate the post-acute effect of SARS- 
CoV-2 infection on cardiovascular autonomic activity, reactivity and sensitivity in patients who had the infection at least 3 months 
before.
Methods: This was a comparative cross-sectional observational study. Fifty-nine subjects were allocated into two groups, controls 
(n=31), who had no history of positive COVID-19 infection, and the post-COVID patients (n=28) who were recruited 3 to 8 months 
after testing positive for SARS-CoV-2 by reverse transcription polymerase chain reaction (RT-PCR). Baseline cardiovascular 
autonomic activity was evaluated through recording of baseline heart rate variability (HRV), autonomic reactivity was determined 
through standard cardiovascular autonomic reflex tests (CART), and cardiac autonomic sensitivity was assessed through cardiac 
baroreceptor sensitivity (cBRS).
Results: Higher incidence of orthostatic hypotension was observed in post-COVID patients compared to controls (39.3% and 3.2%, 
respectively, p <0.001). Additionally, significantly reduced handgrip test, and heart rate response to head-up tilt was illustrated in the 
post-COVID group (p <0.001). About 85.7% of post-COVID participants had at least one abnormal cardiovascular reflex test (CART) 
compared to the control group (p <0.001). Although HRV parameters (TP, LF, HF, SDRR, RMSSD, pRR50), and the cBRS were 
numerically lower in the post-COVID-19 group, this did not reach the level of significance.
Conclusion: The results of the present study are suggestive of altered cardiovascular reactivity in post-acute COVID patients and 
demand further investigation and longer term follow up.
Keywords: COVID-19, autonomic nervous system, HRV, CART, baroreceptor sensitivity

Introduction
SARS-CoV-2 (COVID-19) infection was first reported in China in late December 2019. It has quickly escalated to 
become a global pandemic causing a catastrophic effect on the world. Cases are increasing all around the world, and the 
number of people infected reached hundreds of millions, with about 6 million deaths in the first quarter of 2022 
worldwide.1,2

Recently, many reports showed a long-term effect of COVID infection that could extend beyond the active disease 
and the respiratory system. Disturbance in sleep, concentration impairment, fatigue, and palpitations are part of the long- 
lasting effect of COVID-19 (also known as LONG COVID).3 Post-COVID-19 syndrome is a group of symptoms that 
affect various body systems after being acutely infected by COVID-19. The symptoms can last longer than 12 weeks 
after COVID-19 infection, which cannot otherwise be explained alternatively.4 The development of post-COVID-19 
syndrome is higher following severe acute illness, but it may develop after mild and moderate acute COVID-19.5,6
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A wide spectrum of body dysfunctions has been linked to the chronic effect of COVID-19 infection, including disturbed 
lung function, endothelitis, thromboembolism, kidney failure, gastrointestinal impairment, mood changes, cognitive dis-
turbances, and hyperglycemia without diabetes mellitus.7 Cardiovascular complication such as myocardial ischemia, 
infarction, myocarditis, and cardiac arrhythmias are noticeable sequelae of COVID-19 infection, with different suggested 
pathophysiological mechanisms involving direct damage to the circulatory system due to binding of viruses to angiotensin- 
converting-enzyme 2 receptors (ACE2), and systemic inflammation.8 However, the consequence of COVID-19 infection on 
the autonomic regulation of the heart remains unclear.

The autonomic nervous system (ANS) plays a key role in the regulation of the cardiac rhythm.9 Heart rate variability 
(HRV), cardiovascular autonomic reflex test (CART), and baroreceptor sensitivity (BRS) are non-invasive assessment 
tools for the autonomic nervous system functions.10,11 Specifically, HRV aids in the evaluation of the sympathetic and 
parasympathetic functions on the cardiovascular system. Therefore, reflecting dysautonomia and sympathovagal 
balance.12

Dysautonomia is commonly recognized as a failure in the functions of the autonomic nervous system that can 
include various symptoms and signs such as fatigue, postural hypotension, changes in blood pressure, arrhythmias, 
and bladder and bowel function impairment.13 Dysautonomia following viral infections is not uncommon; many viral 
infections could cause dysautonomia including HIV, mumps, EBV, HBV as well as Coxsackie B virus.14 Recent 
reports link dysautonomia with COVID-19 infection.15 Involvement of the nervous system occurs probably by direct 
viral invasion, synaptic spread, or through the blood. Additionally, immunological damage, vascular damage, and 
hypoxia due to COVID-19 pneumonia, are proposed pathogenic mechanisms for COVID-19 neurological 
manifestations.16

Orthostatic hypotension (OH) and postural tachycardia syndrome (POTS) have been reported in the post-acute phase 
of COVID-19 infection.17 Another recent questionnaire-based cross-sectional study found that post-COVID autonomic 
disturbances are mostly manifested as orthostatic hypotension, gastrointestinal disturbances, and secretomotor 
abnormalities.18 Additionally, Adler et al reported a reduction in the HRV among post-COVID patients 3 and 6 months 
after recovery, which may increase the cardiovascular risk among post-COVID survivors.19 In contrast, parasympathetic 
overactivity with increased HRV was found after 12 weeks from the acute COVID-19 infection.20 Cardiovascular 
dysautonomia was also detected in about 15% of recently recovered COVID-19 patients (within 30–45 days), with 
a significantly lower HRV compared to healthy controls.21 Autonomic nervous system dysfunction has also been revealed 
during the early phase of SARS-CoV-2 infection, with a significant reduction in HRV, BRS, and high incidence of 
orthostatic hypotension, indicating significant cardiovascular risk.22

However, there is a paucity of research on the chronic sequelae of COVID-19 infection on cardiac ANS functions. 
Thus the current study aimed to evaluate the post-acute impact of COVID-19 infection on cardiac autonomic nervous 
system functions, using cardiovascular reflex tests (CARTs), heart rate variability (HRV), and cardiac baroreceptor 
sensitivity (cBRS).

Methods
This was a comparative cross-sectional observational study carried out in the physiology department’s laboratories at Imam 
Abdulrahman Bin Faisal University (IAU), College of Medicine, Saudi Arabia, in the period between November 7, 2021, 
and March 14, 2022. The study population was divided into two groups: controls (n=31) who neither tested positive nor had 
a history of COVID-19 before, and post-COVID patients (n=28) who tested positive PCR for COVID-19 at least 3 months 
before recruitment. We determined the sample size based on previous studies with comparable outcomes, where the sample 
size ranged from 2519 to 15222 participants.

Confirmation of COVID infection is based on positive testing of SARS-CoV-2 unique viral sequencing by using real- 
time reverse-transcription polymerase chain reaction (rRT-PCR).23

Subjects were excluded if they had: severe acute illness needing hospitalization, nervous system disorders (eg, 
multiple sclerosis, Parkinsonism, polyneuropathy, and Guillain-Barré syndrome), heart disease (eg, valvular heart 
disease, cardiomyopathy, arrhythmia, ischemic or congestive diseases), alcoholism, liver disease, malignancies, inflam-
matory diseases, renal diseases, or taking anti-hypertensive treatments.
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Over the recruitment period, the medical records of COVID-19 patients in King Fahad University Hospital (KFUH) 
were reviewed and those fulfilling the inclusion criteria were contacted to do the autonomic function tests in our 
physiology laboratory.

The study followed the principles of the Declaration of Helsinki,24 and was approved by the Institutional Review 
Board of Imam Abdulrahman Bin Faisal University (IRB-UGS-2021-01-391). Informed written consent was obtained 
from every participant.

Parameters and Procedures
Experimental data was obtained by measuring (1) the baseline cardiovascular autonomic activity through heart rate 
variability (HRV), (2) cardiovascular reactivity through cardiovascular reflex tests (CARTs), and (3) cardiac baroreceptor 
reflex sensitivity through determination of baroreceptor sensitivity (cBRS).

Assessment of Baseline Autonomic Activity through Heart Rate Variability (HRV)
After an initial rest of 5 minutes in a supine position on a tilt table, resting HR and BP were measured with SPOT vital 
sign monitor (NY 13153). The subjects were properly strapped to the tilt table and hooked up to an 8 channel Powerlab 
8/35 system (ADInstrumennts, Australia) for continuous recording of ECG, respiratory rate and finger arterial blood 
pressure. Single lead ECG was recorded by attaching two ECG electrodes on both shoulders through ECG box and bio- 
amplifier (ADInstruments, Australia). Respiratory rate was monitored through the respiratory belt (ADInstruments, 
Australia). Continuous finger arterial BP waveform was recorded through Finometer Pro (FMS, Amsterdam, 
Netherlands) that was adjusted against the brachial cuff BP. The pressure signal was fed to the PowerLab for recording. 
After a stabilization rest period of 5 minutes, baseline recording was done for 5 minutes.

Analysis of HRV was done through the software LabChart Pro (V. 8.1.13) and HRV module. The following HRV 
parameters were analyzed in time-domain: SDRR (standard deviation RR intervals) reflecting overall HRV, RMSSD (root 
mean square of successive differences of RR intervals), and pRR50 (percentage of successive RR intervals that are different 
by at least 50 msec). Both RMSSD and pRR50 provide information about parasympathetic function. The frequency domain 
parameters that were analyzed included total power (TP), which represents the overall total HRV, low-frequency (LF) and 
very low-frequency (VLF) bands indicating the sympathetic activity, high-frequency band (HF) to reflect parasympathetic 
activity, and LF/HF ratio to demonstrate the sympathetic-parasympathetic balance.12 Frequency domain HRV parameters 
LF and HF were computed both as absolute values (ms2) and in normalized units. To control for the possible confounding 
effect of respiration on HRV parameters, respiratory rate was measured via a respiratory belt.22

Cardiovascular Reflex Tests (CART)
Heart rate response to deep breathing, Valsalva maneuver and head-up tilt (HUT) were used to assess the parasympa-
thetic function. Diastolic blood pressure responses to HUT and sustained isometric handgrip (IHG) were used to assess 
the sympathetic function.

Changes in Heart Rate During Deep Breathing (DB) 
Participants were asked to complete six respirations in one minute under guidance of the examiner, whereby they had to 
inhale deeply for 5 seconds and exhale fully for 5 seconds in a smooth and continuous manner completing one respiratory 
cycle in 10 seconds. The differences between the highest and lowest HR during deep breathing was calculated. In 
addition, the ratio of maximum RR interval during expiration to minimum RR interval during inspiration (E:I ratio) was 
also calculated.10,11

Changes in Heart Rate During Valsalva Maneuver (VM) 
The participants were instructed to exhale into a large dial aneroid sphygmomanometer, and were coached to keep the 
pressure at 40 mmHg for 15 seconds. The maneuver was performed thrice by every participant, with an intervening rest 
period of 2 minutes. The longest RR interval in the Phase IV and the shortest RR interval during the late Phase II of VM 
were identified from the ECG recording to calculate the Valsalva ratio.10,11
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Heart-Rate Response to Head-Up Tilt (HUT) 
After a resting period of lying down in supine position for 5 minutes, the table was tilted to 70 degrees and maintained 
for 5 minutes in this position. The table was tilted back and remained in supine position for another 5 minutes (Figure 1). 
The change in the heart rate was expressed as a ratio of the fastest heart rate (shortest RR interval) around the 15th beat to 
the slowest HR (longest RR interval) around the 30th beat after the head-up tilt.10,11

Changes in Blood Pressure During Head-Up Tilt (HUT) 
Systolic and diastolic blood pressures were noted in the supine position as baseline measurements. Readings were taken 
again after 1–2 minutes after the tilt at 70 degrees (Figure 1).25,26

Changes in Blood Pressure During the Handgrip Test
After determining the maximum voluntary contraction with isometric force transducer, the participants were instructed to 
maintain the isometric handgrip for 3 minutes, during which the blood pressure was continuously recorded.10,11

Figure 1 Heart rate response and blood pressure changes during head-up tilt procedure in post-acute COVID-19 patient; 20-year-old male, complained of headache, 
general fatigue, and subjective postural hypotension.
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Criteria for Grading Autonomic Function
An HR variation equal to or greater than 15 bpm or an expiratory/inspiratory ratio (E:I) of greater than or equal to 1.21 
during DB were taken as normal. Similarly, a Valsalva ratio (VR) of equal to or greater than 1.21 was taken as normal. 
An HR response in the form of 30:15 R-R ratio of equal to or greater than 1.04 to HUT was taken as normal. An increase 
of DBP equal to or greater than 10 mmHg in response to sustained IHG was considered normal. Either no drop or a drop 
of less than 20 mmHg in SBP and/or a drop of less than 10 mmHg in DBP in response to HUT at 70 degrees tilt within 2 
minutes were taken as normal. Any fall in SBP or DBP in response to HUT greater than the above-mentioned values 
were taken as postural or orthostatic hypotension (OH).27,28 Postural orthostatic tachycardia syndrome (POTS) was 
diagnosed if patients had an HR increase of 30 beats per minute (bpm) or HR above 120 bpm following the HUT in the 
absence of orthostatic hypotension.29 Results of CART were labeled as normal if no abnormal findings were detected, 
with parasympathetic dysfunction if 2 out of the 3 tests of the parasympathetic component were abnormal, with 
sympathetic dysfunction when 1 of the 2 tests of the sympathetic component test was abnormal, and with combined 
dysfunction when there is 1 abnormal test from each domain.30,31

Measurement of Cardiac Baroreflex Sensitivity (cBRS)
Cardiac baroreflex sensitivity (cBRS) is used as an index to evaluate the autonomic nervous system function. A reduction 
in the cBRS indicates cardiac autonomic dysfunction.32,33 Cardiac BRS was calculated offline by noting the instanta-
neous changes in heart rate in response to spontaneous changes in arterial BP with software PRVBRS provided by FMS 
(The Netherlands) using cross-correlation method.34 The correlation between beat to beat systolic BP and inter-beat 
interval was measured in a sliding 10-s window, with delays of 0 to 5 s for interval. The program selects the delay with 
the greatest significant positive correlation and the slope and the delay are recorded as one BRS value. BRS readings 
were averaged over at least 2–5 min except in deep breathing, where the maneuver itself was for 1 min only.34,35 The 
BRS data was displayed and analyzed with dedicated Beatscope® software version 1.1a. The inbuilt return-to-flow and 
height correction features enhanced the reliability and accuracy of Finometer recordings.36

Statistical Analysis
Data were presented as mean ± standard deviation (SD), median with interquartile range (IQ), or number (percent) where 
appropriate. Distribution of the data was tested using Shapiro–Wilk test of normality. Comparisons between groups were 
done using unpaired t-test and Mann–Whitney U-test for normal and non-normal distributed variables, respectively. 
Proportions were compared using the chi-square test. Comparison of the percent changes of different study variables 
between groups was done using ANCOVA with the baseline value as a covariate. Data was analyzed using SPSS 28.0 
software; a P-value of <0.05 was considered significant.

Results
Fifty-nine subjects participated in this study. Both groups were matched in age (p=0.88), gender (p=0.99), and BMI 
(p=0.14). There were non-significant differences in the baseline heart rate (p=0.28), respiratory rate (p= 0.74), SBP 
(p=0.93), and DBP (p=0.66) between control and post-COVID groups. The median follow-up time of post-COVID 
subjects was 24 weeks (range 3–8 months). All subjects in both groups were vaccinated and without any comorbidities. 
The severity of illness among post-COVID group revealed 19 (68%) with mild and 9 (32%) with moderate acute illness 
based on the National Institute of Health (NIH) classification.37 (Table 1).

Heart Rate Variability (HRV) and Cardiac Baroreceptor Sensitivity (cBRS)
Heart rate variability measurements (TP, LF, HF, LF/HF, LFnu, SDRR, RMSSD, and pRR50) were low in the post- 
COVID group, although statistically non-significant. Similarly, the cBRS measurements showed lower values in the post- 
COVID group, but did not reach a level of significance (Table 2).
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Table 1 Demographic and Baseline Characteristics of Study Population

Variables Control Post-COVID p-value

Age (years) 29.7 ± (2) 30.3 ± (5) 0.88

Gender Male, n (%) 20 (64.5) 18 (64.3) 0.99

Female, n (%) 11 (35.5) 10 (35.7)

Body Mass Index (kg/m2) 25.8 ± (5.82) 25.7 ± (4.77) 0.14

Heart rate (BPM) 78 ± (13) 77 ± (11) 0.28

Respiratory rate (per min) 20 ± (4.4) 20 ± (3.3) 0.74

Systolic blood pressure 
(mmHg)

120 ± (16) 128 ± (16) 0.93 

Diastolic blood pressure 
(mmHg)

64 ± (13) 69 ± (15) 0.66

Vaccination status, n (%) 31 (100%) 28 (100%)

Follow-up time (weeks) 24 (9)

Severity of acute illness, n (%)

Mild 19 (68)

Moderate 9 (32)

Severe 0 (0)

Note: Data is represented as mean ± SD, except gender as number (%), and follow-up time as median (IQ).

Table 2 Comparison of HRV Measurements and cBRS Between Groups

Variables Control Post-COVID p-value

LFnu 59.01 ± 19.24 58.79 ± 15.25 0.96

HFnu 39.21 ± 17.49 39.44 ± 13.66 0.96

TP (ms2) 3343 ± 2462 2460 ± 1622 0.11

LF (ms2) 1219 ± 1088 890 ± 718 0.18

HF (ms2) 970 ± 1068 600 ± 509 0.10

LF/HF 2.26 ± 2.09 1.82 ± 1.10 0.33

SDRR (ms) 56.60 ± 20.17 49.37 ± 14.77 0.12

RMSSD (ms) 44.84 ± 22.66 38.82 ± 19.38 0.28

pRR50 (%) 19.20 ± 16.25 12.55 ± 10.28 0.07

Mean cBRS (ms/mmHg) 13.32 ± 11 9.22 ± 5.06 0.21

Min cBRS (ms/mmHg) 5.38 ± 5.01 3.78 ± 3.10 0.21

Max cBRS (ms/mmHg) 23.09 ± 19.36 18.81 ± 8.82 0.36

Median cBRS (ms/mmHg) 10.87 ± 9.75 9.12 ± 4.83 0.33

Note: All variables are presented as mean ± SD. 
Abbreviations: LFnu, low frequency normalized unit; HFnu, high frequency normalized unit; TP, total power; LF, 
low frequency; HF, high frequency; LF/HF, low frequency/high frequency ratio; SDRR, standard deviation of RR 
intervals; RMSSD, root mean square of successive RR interval differences; pRR50, percentage of successive RR 
intervals that differ by more than 50 ms; cBRS, cardiac baroreceptor sensitivity.

https://doi.org/10.2147/IJGM.S382331                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2022:15 7598

Salem et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Cardiovascular Reflex Tests (CART)
Orthostatic hypotension (OH) was demonstrated in 39.3% of post-COVID-19 participants in comparison to 3.2% of the 
control subjects, (p<0.001). Similarly, significant abnormal blood pressure response to the handgrip test was observed in the 
post-COVID group compared to the controls (73.1% vs 16.1%, respectively, p <0.001). Additionally, abnormal heart-rate 
response to HUT was higher in the post-COVID group (35.7%) compared to 12.9% in the controls (p=0.04) (Table 3). 
However, none of our subjects fulfilled the postural tachycardia syndrome (POTS) diagnosis criteria.

Isolated sympathetic dysfunction was reported in most post-COVID participants (71.4%) compared to controls 
(16.1%), (p <0.001); no isolated parasympathetic dysfunction was demonstrated in either group. However, a combined 
autonomic dysfunction was reported in 7.1% of post-COVID patients (Table 4). Cumulatively, about 85.7% of the post- 
COVID patients had at least one abnormal CART test in comparison with 35.5% within the control group (p <0.001) 
(data not shown).

Changes in Blood Pressure and Heart Rate Measurements During HUT
Both systolic and diastolic blood pressure showed a significant decrease from the baseline value after the HUT compared 
to the corresponding increase observed in the control group (p <0.001). Heart rate showed an increase during HUT in 
both groups, without significant difference (p=0.06) (Table 5).

Table 3 Comparison of Abnormal CART Results in Post-COVID Patients Compared to Control Group

CART Control, n (%) Post-COVID, n (%) p-value

Sympathetic function tests

•Diastolic blood pressure response to head-up tilt 1(3.2) 11(39.3) <0.001

•Diastolic blood pressure response to handgrip test 5(16.1) 19(73.1) <0.001

Parasympathetic function tests

•Heart rate changes during head-up tilt 4(12.9) 10 (35.7) 0.04

•Heart rate changes during Valsalva maneuver 0(0) 0(0)

•Heart rate changes during deep breathing 2(6.5) 3(10.7) 0.56

Table 4 Distribution of Sympathetic, Parasympathetic, and Combined Autonomic Dysfunction Between 
Groups

Control, n (%) Post-COVID, n (%) p-value

Normal autonomic function 26(83.9) 6(21.4) <0.001

Isolated sympathetic dysfunction 5(16.1) 20(71.4) <0.001

Isolated parasympathetic dysfunction 0(0) 0(0)

Combined dysfunction 0(0) 2(7.1) 0.13

Table 5 Comparison of % Change in Systolic Blood Pressure, Diastolic Blood Pressure, and Heart Rate During Head- 
Up Tilting (HUT)

Parameters Control Post-COVID p-value

Percent change in systolic blood pressure (SBP) 7.52 ± 14.85 −3.4 ± 14.05 <0.001

Percent change in diastolic blood pressure (DBP) 17.54 ± 19.54 −1.43 ± 18.45 <0.001

Percent change in heart rate 6.8± 11.7 13.5± 16.5 0.06

Note: Data presented as mean ± SD.
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Discussion
In the present study, the post-COVID group showed evidence of dysautonomia indicated by sympathetic dysfunction in 
response to cardiovascular challenges, thus suggesting changes in the autonomic control of cardiac function. Although the 
baseline HRV parameters and cardiac BRS were numerically lower in post-COVID group, this did not reach statistical 
significance. The CARTs demonstrated altered autonomic reactivity in some tests. There was a higher incidence of 
orthostatic hypotension in post-COVID patients compared to controls, and there was a significantly reduced diastolic 
blood pressure response to isometric handgrip test. Although the post-COVID group showed significantly abnormal heart 
rate response to head-up tilt, none of them fulfilled the postural tachycardia syndrome (POTS) diagnosis criteria.

Autonomic dysfunction has been described following several viral infections.14 HIV infection is associated with 
a reduction in the heart rate variability, and several autonomic manifestations including urinary system, gastrointestinal, 
secretomotor, pupillomotor, sleep, and male sexual function.38 Orthostatic hypotension and urinary dysfunction have been 
also described in mumps.39 Varicella zoster reactivation from autonomic ganglia could cause intestinal pseudo-obstruction. 
Rabies could also cause excessive salivation, piloerection, and photophobia. Furthermore, autonomic dysfunction may 
happen in acute viral encephalitis, herpes simplex, infectious mononucleosis, rubella, and coxsackie B virus.14

Both acute and delayed neurologic manifestations have been reported after SARS-CoV-2 infection. The receptors of 
SARS-CoV-2 are expressed in the central nervous system. The virus could spread directly through the cribriform plate 
and olfactory bulb, or through trans-synaptic invasion. Encephalitis, demyelination, neuropathy, and stroke are known 
complications of COVID-19.40 Additionally, autonomic dysfunction has emerged as a complication of COVID-19 
infection; several case reports and observational studies revealed dysautonomia in association with SARS-CoV-2 
infection.15,41 Dysautonomia in COVID-19 patients may manifest as labile blood pressure, postural hypotension, bladder 
dysfunction, gastrointestinal dysfunction, and impotence.42 The mechanisms of COVID-19-related dysautonomia are 
complex. SARS-CoV-2 can cause direct autonomic tissue damage, exaggerated immune response (innate and adaptive), 
and inflammation.43 During the cytokine storm, sympathetic stimulation induces the release of pro-inflammatory 
mediators, while parasympathetic activation elicits an anti-inflammatory response. Furthermore, an association between 
dysautonomia and the neurotropism of SARS-CoV-2 has been reported.44

Assessment of cardiac autonomic function can be carried out by specific tests and maneuvers on the cardiac 
sympathovagal system. Cardiovascular reflex tests (CART) involve a group of maneuvers that test both components of 
ANS (sympathetic and parasympathetic) separately.10 The current study reported postural hypotension in 39.3% of the post- 
COVID group during the blood pressure response to head-up tilt maneuver. Additionally, abnormal blood pressure response 
to the handgrip test was observed in about 73.1% of post-COVID patients. These two CART components reflected an 
impairment of the cardiac sympathetic function. Parasympathetic cardiac activity was also affected, as 35.7% of post- 
COVID patients showed abnormal heart rate response to the head-up tilt procedure. However, no postural tachycardia 
syndrome (POTS) was found in our cohort. Similar findings were reported by a recent study that included 180 post-COVID 
patients. Subjects were evaluated by active stand test between 4 weeks and 9 months from COVID-19 onset and orthostatic 
hypotension (OH) was diagnosed in 13.8% of the patients; none showed postural tachycardia syndrome (POTS).17 Another 
recent study in young adult post-COVID patients showed sympathetic over-activity and lower values of parasympathetic 
activity as evaluated by HRV measurement; these changes were modulated by body mass index (BMI).45 Furthermore, 
a study by Marques et al revealed a reduction in HRV with increased sympathetic modulation, and a decrease in 
parasympathetic modulation in long COVID.46 Cardiac autonomic dysfunction has also been reported during the early 
stage of COVID-19 diseases. Milovanovic et al showed sympathetic dysfunction with orthostatic hypotension in about 
46.3%, and abnormal handgrip tests in about 94.4% of post-COVID patients. In addition, parasympathetic dysfunction was 
illustrated by abnormal heart rate response to the Valsalva maneuver and deep breathing.22

HRV is a tool that is commonly used to assess sympathetic and parasympathetic modulation of the autonomic nervous 
system, and it is a significant marker of dysautonomia.47 HRV is composed of a low-frequency band (LF), high- 
frequency band (HF), and very low-frequency band (VLF). The sympathetic and parasympathetic activity of the heart 
is reflected by LF, and considered an indicator of sympathovagal balance. HF assesses the parasympathetic activity of the 
heart, reflecting the vagal-mediated modulation.12 In our study, we found a non-significant reduction in TP, LF, HF, LF/ 
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HF, LFnu, SDRR, RMSSD, and pRR50 in the COVID-19 group. In contrast, a recent study involved 50 post-acute 
COVID subjects 20 weeks after recovery and found a decrease in the time domain measurements (SDNN, SDANN, 
SDNNi, RMSSD, pNN50) and frequency domain measurements (TP, VLF, LF, HF, and HFnu) in the post-acute COVID 
group compared to control subjects.48 Additionally, Milovanovic et al found significantly lower results in HF, and LF in 
COVID-19 patients during the early phase of COVID-19 infection.22 Furthermore, another study showed orthostatic 
hypotension in 13.04%, and POTS in 2.17%; heart rate variability (RMSSD) was significantly lower in post-COVID-19 
patients compared to healthy controls (p=0.01).21

Body mass and level of physical activity were found to affect the autonomic function of post-COVID-19 patients; 
higher BMI post-COVID subjects demonstrated more dysautonomia in comparison with normal BMI controls. In 
addition, physically inactive post-COVID participants revealed more autonomic dysfunction compared to active 
controls.45 These results showed that dysautonomia associated with COVID-19 is potentially influenced by level of 
physical activity and BMI. Since post-COVID patients in the current study had almost normal BMI, this might explain 
why the observed reduction in HRV was not significant.

Baroreceptor sensitivity is crucial in assessing cardiac autonomic nervous function. It is measured by analyzing the 
spontaneous beat-to-beat changes of arterial blood pressure and heart rate; a reduction in BRS indicates dysautonomia.32,33 

In our study, we showed a non-significant decrease of baroreceptor sensitivity in the post-COVID-19 group. In contrast, 
another study reported a significant reduction in mean baroreceptor sensitivity during the early phase of post-COVID-19 
infection.22 This difference could be attributed to the difference in the time of autonomic function evaluation of post- 
COVID patients; the current study evaluated the post-acute effect post-COVID infection, while Milovanovic et al studied 
a group of active COVID-19 infections. This is in line with the finding that dysautonomia is more obvious following the 
acute stage of the viral illness,39,41 and could improve in time, either spontaneously or with treatment.49 In a recent study, 
heart rate recovery (HRR) following exercise cessation improved significantly 6 months after COVID infection.50 In 
addition, many factors could affect the development of dysautonomia following COVID-19 infection, including BMI, level 
of physical activity,45 and degree of inflammatory response.43

Limitations
Due to the cross-sectional design, it was difficult to conclude that a causal relationship exists between COVID-19 and 
dysautonomia. Additionally, the local restrictions of the COVID-19 pandemic made it difficult to recruit more subjects, 
which resulted in a relatively small sample size and may explain the non-statistically significant null findings of HRV and 
cBRS reported by this study. However, our results provide additional insights into the extent of cardiac autonomic 
dysfunction post-COVID-19 in a relatively young population.

Conclusion
The results of the present study are suggestive of altered cardiovascular reactivity as a post-acute sequela of COVID-19 
infection, with a pronounced incidence of postural hypotension. However, this finding still needs future experimental 
studies with a larger sample size investigating the mechanism of ANS involvement during the active infection as well as 
after COVID-19 recovery.

Abbreviations
LFnu, low frequency normalized unit; HFnu, high frequency normalized unit; TP, total power; LF, low frequency; HF, 
high frequency; LF/HF, low frequency/high frequency ratio; SDRR, standard deviation of RR intervals; RMSSD, root 
mean square of successive RR interval differences; pRR50, percentage of successive RR intervals that differ by more 
than 50 ms; cBRS, cardiac baroreceptor sensitivity; CART, cardiovascular reflex test.
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