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Although several clinical manifestations of persistent long coronavirus disease
(COVID-19) have been documented, their effects on the cardiovascular and autonomic
nervous system over the long term remain unclear. Thus, we examined the presence of
alterations in cardiac autonomic functioning in individuals with long-term manifestations.
The study was conducted from October 2020 to May 2021, and an autonomic
assessment was performed to collect heart rate data for the heart rate variability (HRV)
analysis. The study participants were divided into the long COVID clinical group, the
intragroup, which included patients who were hospitalized, and those who were not
hospitalized and were symptomatic for different periods (<3, >3, <6, and >6 months),
with and without dyspnoea. The control group, the intergroup, comprised of COVID-free
individuals. Our results demonstrated that the long COVID clinical group showed reduced
HRV compared with the COVID-19-uninfected control group. Patients aged 23-59
years developed COVID symptoms within 30 days after infection, whose diagnosis
was confirmed by serologic or reverse-transcription polymerase chain reaction (swab)
tests, were included in the study. A total of 155 patients with long COVID [95 women
(61.29%), mean age 43.88 + 10.88 years and 60 men (38.71%), mean age 43.93
4+ 10.11 years] and 94 controls [61 women (64.89%), mean age 40.83 + 6.31 and
33 men (85.11%), mean age 40.69 + 6.35 years] were included. The intragroup and
intergroup comparisons revealed a reduction in global HRYV, increased sympathetic
modulation influence, and a decrease in parasympathetic modulation in long COVID.
The intragroup showed normal sympathovagal balance, while the intergroup showed
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reduced sympathovagal balance. Our findings indicate that long COVID leads to
sympathetic excitation influence and parasympathetic reduction. The excitation can
increase the heart rate and blood pressure and predispose to cardiovascular
complications. Short-term HRV analysis showed good reproducibility to verify the cardiac

autonomic involvement.

Keywords: autonomic nervous system, coronavirus infection, long COVID, heart rate, heart rate variability

INTRODUCTION

Coronavirus disease (COVID-19), caused by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), manifests
numerous clinical symptoms, ranging from mild to severe (1). In
Brazil, 21,478,546 confirmed cases, 598,152 accumulated deaths,
and 20,462,345 recovered cases were reported as of October 4,
2021. In the state of Pard, 591,872 COVID-19 cases and 16,667
deaths were registered (2).

Some patients who do recover present with symptoms that
persist longer than 3-4 weeks. According to Sher (3), this post-
COVID condition may be called “post-COVID syndrome,” “long
COVID;” or “post-acute COVID-19.” The persistent symptoms
of patients with long-term COVID-19 include dyspnoea, fatigue,
myalgia, and joint pain (3, 4). The cardiovascular effects
of prolonged COVID-19 are still under debate but they
may include the lack of clinical symptoms, biomarker (high-
sensitivity cardiac troponin I) abnormalities, or an increased
risk of myocarditis. Coronavirus infection the potential to
affect the cardiovascular system. SARS-CoV-2 is not considered
a cardiotropic virus, although the virus causes non-specific
cytokine-mediated cardiotoxicity (5, 6). Long COVID is found to
be associated with autonomic dysfunction due to neurotropism
because the systemic inflammatory state can occur acutely or
chronically for up to 1 year (7). Dysautonomia can thus be
assessed based on heart rate variability (HRV). A reduction in
HRYV is a predictor of cerebrovascular and cardiovascular events
and an indicator of the risk of death (8). HRV as a non-invasive
index of autonomic control may reflect both sympathetic and
parasympathetic effects. The HRV indicates the variations in
the duration of cardiac cycles and the RR intervals. HRV can
be analyzed using linear algorithms for the time and frequency
domains and also by non-linear analyses (9, 10).

Changes in cardiac autonomic modulation can occur in
patients with COVID-19 and, through HRYV, detect autonomic
dysregulation. Patients with COVID-19 with low HRV are
indicated for intensive care unit admission in the first week
after hospitalization, regardless of age and chronic heart disease
status (11). In this context, the aim of this study was to
investigate the autonomic changes in the heart among patients
with long COVID.

METHODS
Study Design and Ethics

This observational, analytical, controlled, quantitative, and
descriptive study was approved by the Research Ethics

Committee of the Pard State University (approval number
4.252.664). Participants consented to be included in the study
by signing an informed consent form; the study was performed
following the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines for observational studies
and in accordance with the principles of the Declaration
of Helsinki.

The patients were followed up at the laboratory of infectious
and cardiopulmonary diseases at UEPA. The study participants
were divided into a long COVID clinical group (intragroup),
which comprised both patients who were hospitalized and those
who were not hospitalized but were symptomatic for <3, >3,
<6, and >6 months, with and without dyspnoea, as well as
a control group (intergroup), which comprised COVID-free
individuals. As it was a cardiopulmonary program, patients
with dyspnoea and respiratory symptoms such as shortness of
breath were required to adhere to the program. The following
patients were included in the study: those aged between 23
and 59 years, those who underwent assessment 30 days after
diagnostic confirmation and onset of COVID-19 symptoms, and
those whose diagnosis was confirmed by reverse-transcriptase
polymerase chain reaction (PCR) or serology tests to identify
the type of antibodies [immunoglobulin (Ig) M and/or IgG].
Patients who used medication that altered the HRV (such
as beta-blockers, beta-mimetics, and theophylline), those who
developed chronic obstructive pulmonary disease, those who
had persistent lung changes, those who showed persistent
desaturation, those with anemia, and those who used pacemakers
were excluded. Patients with long COVID underwent regular
medical examinations.

From October 2020 to May 2021, 4,100 patients with
complaints of long-term symptoms (like fatigue, breathlessness,
cough, joint pain, chest pain, muscle aches, and headaches)
that could not be attributed to any other cause were enrolled
in the clinic’s database. However, only 155 patients met the
inclusion criteria.

Assessment of HRV

Study participants in both groups were instructed to refrain from
consuming caffeine or caffeine derivatives, smoking, and eating
heavy meals at least 24 h prior to the test. In preparation for the
examination, the volunteers rested for 15 min, while the patients
were placed in a supine position for 10 min to measure the
heart rate (HR). The patients were instructed to avoid talking or
moving to prevent interference during the test. The environment
temperature was maintained between 22 and 24°C, while the air
humidity was maintained between 40 and 60%. The temperature
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and relative humidity were measured using a thermo-hygrometer
(Sao Paulo, Brazil).

The Heart Rate (HR) was recorded using a Polar®
RS800CX (Kempele, Finland) that captured the R wave on the
electrocardiogram with a sampling rate of 500 Hz. The temporal
distance between two consecutive peaks of the R wave was
considered the iRR (the fluctuations in the intervals between
consecutive heartbeats). The data series displayed on the monitor
were exported using the Polar Pro Trainer 5 software (Polar
Electro Ou, Finland). Subsequently, linear and nonlinear analyses
were performed using the Kubios HRV version 3.1 software
(Kuopio, Finland). Variability analysis was performed within a
short period of time (12) to visually check the distribution of
the iRRs for erroneous and absent R waves to determine the
stretch with greater stability within 5min for 256 consecutive
beats. Then, the data collected during the first 30 s and final 30's
were discarded (10).

Linear Analysis

In the linear analysis of the HRV in the time domain, the
following indices were included: mean iRRs, standard deviation
of all normal RR intervals (SDNN), and the square root of the

mean square of the differences between adjacent normal iRRs
within an interval (RMSSD). SDNN indicates the sympathetic
nervous system (SNS) and parasympathetic nervous system
(PNS) activities, whereas RMSSD indicates the PNS (13) activity.
To obtain the indices in the frequency domain, a fast Fourier
transform analysis was performed and showed the components
with high frequency (HF = 0.15-0.4 Hz), low frequency (LF =
0.04-0.15Hz), and very low frequency (VLF = 0.003-0.04 Hz),
as indicated in equations 1 and 2 (13, 14).

The three frequency bands (HF, LE, and VLF) were expressed
in powers (ms®) and in normalized units (n.u), which is the
relative power of the LF or HF band after subtracting the VLF
power from the total power. The LF/HF ratio and LF and
HF bands were also obtained (15). LF and HF in normalized
units represent the balance between the two autonomic nervous
systems. LF demonstrates indirect sympathetic activity, while HF
demonstrates the parasympathetic influence. The LF/HF ratio
was reported as a marker of sympathovagal balance (10).

HF
(full power — VLF)

HF (n.u) = 100 x (1)

Long COVID Program
4100

Positive diagnostic for SARS-CoV-2

236

Excluded = 81

Not selection criteria

Selected patients

155

Long COVID Clinical Groups

Hospitalised = 54
Not hospitalised = 101

Long COVID Time

Dyspnoea = 132
Not dyspnoea = 23

< 3 months = 74
> 3 months = 81
< 6 months =119
> 6 months = 36

Control Group
94

94 volunteers
Negative diagnostic for SARS-CoV-2

disease.

FIGURE 1 | Flowchart of selection and recruitment of patients with long COVID. SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; COVID, coronavirus
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LF
(full power — VLF)"

LF (n.u) = 100 x (2)

Nonlinear Analysis

For the nonlinear analysis, geometric methods, such as the
Lorenz plot or Poincaré plot, were used to obtain the
HRV measurements. These were performed by measuring the
dispersions of interval RRs which analyse the HRV quantitatively,
by calculating the beat-to-beat standard deviation (SD). With
this, the short term changes in RRs in the PNS index of
the sinoatrial node control (SD1) and the long-term standard
deviation of continuous iRRs (SD2), which are influenced by the
PNS and SNS were measured, and the relationship between the
short- term and the long-term intervals was defined as SD1/SD2
(15, 16).

In addition, other nonlinear methods based on approximate
entropy (ApEn) show the degree of irregularity and complexity
of the signal as the iRRs and the complexity increase (16, 17).
Meanwhile, simple entropy (SampEn) shows the regularity of the
selected iRR series; higher values indicate a healthy condition,
while lower values indicate heart failure (10, 18).

Statistical Analysis

The information collected was stored in MS Excel 2010™
(Washington, United States) and analyzed using GraphPad Prism
version 5.0™ (San Diego, United States). D’Agostino’s test was
used to assess the normality of the distribution to compare
the measured values between the different study groups. The
Student’s t-test was used for variables with a normal distribution,
whereas the Mann-Whitney U test was used for non-normally
distributed variables. For dichotomous or nominal variables,
Fisher’s exact test was used. A two-tailed P-value of <0.05 was
considered significant.

RESULTS

General Characteristics of the Study

Patients

After screening 236 patients, 155 were included in the study,
as shown in Figure 1. The demographic characteristics and
comorbidities of the 155 patients with long COVID symptoms
are listed in Table 1. Most participants were women with a mean
age of over 40 years; dyspnoea was one of the most prevalent
symptoms of long COVID, accounting for more than 30% of
hospitalized cases.

Intragroup Comparison

Intragroup comparisons were performed between the long
COVID clinical groups. The mean age of the groups was >40
years, with >40% of them admitted to the hospital for 3 months
or longer, while 80% experienced dyspnoea. The demographic
characteristics, comorbidities, and symptoms of the long COVID
groups are shown in Table 2.

Regarding the HRV data, patients who experienced symptoms
for >3 and >6 months had higher HRV, those who experienced
symptoms for <3 months had reduced parasympathetic
modulation and increased sympathetic modulation influence

TABLE 1 | Demographic characteristics and comorbidities of the study population
and symptoms of long COVID.

Variables Patients Group control
(n =155) (n=94)
Female, No (%) 95 (61.29%) 61 (64.89%)
Male, No (%) 60 (38.71%) 33 (35.11%)
Age (years), mean + SD 43.88 + 40.69 + 6.35
10.03
Height (cm), mean + SD 1.63 £ 0.08 1.64 £ 0.08
Weight (kg), mean + SD 79.95 £ 73.73 £156.43
17.84
BMI, mean + SD 30.06 + 7.31 27.04 +4.30
Smoker (No, %) 3 (1.93%) N/A
Former smoker (No, %) 28 (18.06%) 94 (100%)
Long COVID symptoms (No, %)
Dyspnoea, No (%) 132 (85.16%) N/A
Chest pain, No (%) 93 (60%) N/A
Muscle weakness, No (%) 112 (72.25%) N/A
Fatigue, No (%) 118 (76.12%) N/A
Myalgia, No (%) 103 (66.45%) N/A
Insomnia, No (%) 87 (56.12%) N/A
Lower members Oedema, No (%) 58 (37.41%) N/A
Comorbidities (No, %) N/A
Asthma (No, %) 24 (15.48%) N/A
DM (No, %) 13 (8.38%) N/A
SAH (No, %) 34 (21.93%) N/A
Obesity (No, %) 72 (46.45%) 28 (29.78%)
Hospital admission (n, %) 54 (34.83%)
Length of hospital stay, mean + SD 17.25 + N/A
15.96
<10 days, (n, %) 19 (35.18%) N/A
>10 days, (n, %) 35 (64.82%) N/A
Long COVID period, mean + SD N/A
<8 months, (n, %) 74 (47.74%) N/A
>3 months, (n, %) 81 (52.26%) N/A
<6 months, (n, %) 119 (76.77%) N/A
>6 months, (n, %) 36 (23.23%) N/A
Dyspnoea 132 (85.16%) N/A
Not dyspnoea 23 (14.84%) N/A

BMI, body mass index; DM, diabetes mellitus;, SAH, systemic arterial hypertension; SD,
standard deviation.

of, and those who were hospitalized had a reduction in the
sympathovagal balance (Table 3).

Intergroup Comparison

Major changes were observed in the intergroup comparison
between the long COVID clinical groups and the control
group. The clinical groups showed a reduction in global
HRV (RR, SDNN, SD2, and SD1/SD2), increased the
influence of sympathetic modulation (LF, LF/HF), decreased
parasympathetic modulation (RMSSD, SDI1, and HF), and
decreased sympathovagal balance of the heart (LF/HF) in
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TABLE 2 | Demographic characteristics, comorbidities, and symptoms of the study population considering the long COVID clinical group.

Variables Hospitalised Not P-Value <3 months >3 months  P-Value <6 months >6 months  P-Value Dyspnoea Not dyspnoea P-Value
(n =54) hospitalised (n=74) (n=81) (n=119) (n =36) (n=132) (n=23)
No, (%) (n=101) No, (%) No, (%) No, (%) No, (%) No, (%) No, (%)
No, (%)
Sex
Female 24 (44.44%) 71 (70.29%) *0.002 38 (51.35%) 57 (70.37%) *0.020 67 (56.30%) 28 (77.77%) *0.020 83 (62.87%) 12 (52.17%) 0.359
Male 30 (55.56%) 30 (29.71%) 36 (48.65%) 24 (29.63%) 52 (43.70%) 8 (22.23%) 49 (37.13%) 11 (47.83%)
Mean age (years) 4427 £9.22 4367 £1047  0.837 4217 +£10.77  45.44 +9.09 0.074  43.78+10.61 44.19+7.90 0.940 4343 +£9.56  46.47 £12.30 0.180
Stature 1.64 £0.09 1.63 £0.08 0.441 1.64 £ 0.09 1.62 £0.08 0.221 1.63 £ 0.09 1.63 +£0.08 0.739 1.63 £0.08 1.63 £0.09 0.938
Weight 86.80 + 18.41 76.29+£16.49 *0.000 82.52 +19.21 77.60 £+ 16.26 0.118 79.79 £17.80 80.49 +18.24 0.581 79.53 £17.78 82.35 4 18.42 0.396
BMI 32.23 £ 7.11 28.90 +£7.18 *0.005 30.70 £ 7.81 29.48 £+ 6.82 0.361 29.94 +£7.19 30.48 £+ 7.80 0.684 29.89 £ 7.22 31.07 £7.88 0.422
Smoker
Yes 0 3(2.97%) 0.314 1(1.35%) 2 (2.46%) 1.00 3(2.52%) 3(8.33%) 0.138 2(1.51%) 1(4.34%) 0.381
Not 54 (100%) 98 (97.03%) 73 (98.65) 79 (97.54%) 116 (97.48%) 33 (91.67%) 130 (98.49%) 22 (95.66%)
Ex-smoker
Yes 12 (22.22%) 6 (5.94%) *0.006 5 (6.75%) 12 (14.81%) 0.128 10 (8.40%) 7 (19.44%) 0.123 17 (12.87%) 3 (13.04%) 0.986
Not 42 (77.78%) 95 (94.06%) 69 (93.25%) 69 (85.19%) 109 (91.6%) 29 (80.56%) 115 (87.13%) 20 (86.96%)
Long COVID symptoms (n, %)
Dyspnoea 47 (87.03%) 85 (84.15%) 0.813 60 (81.08%) 72 (88.88%) 0.183 97 (81.51%) 35 (97.22%) *0.016 132 (100%) 0 0
Chest pain 31 (57.40%) 62 (61.38%) 0.731 43 (568.10%) 50 (61.72%) *0.041 68 (57.14%) 25 (69.44%) *0.021 78 (59.09%) 15 (65.21%) 0.649
Fatigue 40 (74.07%) 78 (77.22%) 0.695 52 (70.27%) 66 (81.48%) 0.131 86 (72.26%) 32 (88.88%) *0.045 103 (78.03%) 15 (65.21%) 0.192
Muscle weakness 46 (85.18%) 66 (65.34%) *0.008 55 (74.32%) 57 (70.37%) 0.595 81 (68.06%) 31 (86.11%) *0.035 96 (72.72%) 16 (69.56%) 0.802
Myalgia 40 (74.07%) 63 (62.37%) 0.157 52 (70.27%) 51 (62.96%) 0.395 78 (65.54%) 25 (69.44%) 0.130 86 (65.15%) 17 (73.91%) 0.480
Insomnia 36 (66.66%) 51 (50.49%) 0.062 42 (56.75%) 45 (55.55%) 1.00 67 (56.30%) 20 (55.55%) 1.00 75 (56.81%) 12 (52.17%) 0.820
Lower members Oedema 28 (51.85%) 30 (29.70%) *0.008 26 (35.13%) 32 (39.50%) 0.620 40 (33.61%) 18 (50%) 48 (36.36%) 10 (43.47%) 0.641
Comorbidities
Asthma 3 (5.55%) 21 (20.79%) *0.011 8(10.81%) 16 (19.75%) 0.181 20 (16.80%) 4 (11.11%) 0.450 20 (15.15%) 4 (17.39%) 0.756
DM 7 (12.96%) 6 (5.94%) 0.221 6 (8.10%) 7 (8.64%) 1.00 11 (9.24%) 2 (5.55%) 0.733 12 (9.09%) 1(4.34%) 0.693
SAH 11 (20.37%) 23 (22.77%) 0.839 18 (24.32%) 16 (19.75%) 0.561 28 (23.52%) 6 (16.66%) 0.492 28 (21.21%) 6 (26.08%) 0.591
Obesity 33 (61.11%) 39 (38.61%) *0.010 37 (560%) 35 (43.20%) 0.423 53 (44.53%) 19 (62.77%) 0.447 61 (46.21%) 11 (47.82%) 1.00
Hospital admission (n, %)
Yes 54 (100%) 0 0 32 (43.24%) 22 (27.16%) *0.043 40 (33.61%) 14 (38.88%) 0.690 47 (35.60%) 7 (30.43%) 0.081
Not 0 101 (100%) 42 (56.76%) 59 (72.83%) 79 (66.69%) 22 (61.12%) 85 (64.40%) 16 (69.57%)
Mean length of stay (days)
<10 days (n, %) 19 (35.18%) 0 0 11 (34.37%) 8(9.87%) 1.00 15 (12.60%) 4 (28.57%) 0.747 16 (34.04%) 3 (42.85%) 0.686
>10 days (n, %) 35 (63.22%) 0 21 (65.63%) 14 (90.13%) 25 (87.4%) 10 (71.43%) 31 (65.96%) 4 (567.15%)

BMI, body mass index; MMII, lower member; DM, diabetes mellitus; SAH, systemic arterial hypertension; SD, standard deviation.

*P significant value.
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SD, standard deviation; RR, average of RR intervals; N.u, normalized units; SDNN, standard deviation of all normal RR intervals; RMSSD, square root of the mean square of the differences between adjacent normal RR intervals in a
time interval; SD1, rapid changes in RR intervals in parasympathetic nervous system index; SD2, long-term changes; SD1/SD2, short term ratio for long-term range variation; ApEn, approximate entropy, complexity, reqularity of the RR

interval series and signal complexity; SampEn, simple entropy, regularity of the RR interval series; LF, low-frequency components, ranging from 0.004 to 0.15 hertz; HF, high-frequency components, ranging from 0.15 to 0.004 hertz;

LF/HF, low/high frequency components (normal range 1.5 to 2.0).

*P significant value.

relation to the control group that did not manifest COVID-19.
Data are shown in Tables 4, 5.

DISCUSSION

In this study, patients with long COVID had persistent symptoms
of dyspnoea, fatigue, muscle weakness, and chest pain and were
mostly women. Long COVID clinical groups with increased
sympathetic activity influence of, less parasympathetic activity,
and reduced sympathovagal balance were compared. When
the participants in the clinical groups with long COVID were
compared with the COVID-19-uninfected control group, they
demonstrated a decreased sympathovagal balance in the heart.
When linear and nonlinear analyses were performed, this
population showed changes in HRV, thus suggesting changes in
the autonomic control of cardiac function.

The HRV changes observed in the long-term COVID
population suggest the need for non-invasive assessments and the
early detection of possible changes. The study by Mol et al. (11)
demonstrated that higher HRV might predict greater chances
of survival in older patients with COVID-19, independent
of prognostic factors. Moreover, low HRV predicted ICU
admission in the first week after hospitalization. Therefore, HRV
measurements may be useful not only for monitoring patients
with COVID-19 but also in the early identification of patients
with long COVID at risk of clinical deterioration.

The majority of the people infected with SARS-CoV-2 (mild,
moderate, or severe) demonstrated chronic signs and symptoms
for weeks or months after the infection, lasting 12 weeks or more
(19, 20). These signs of potential chronicity were observed in
our study of patients who had chronic symptoms for 12 weeks
or more.

Carfi et al. (20) reported the occurrence of persistent
symptoms (37%) in 179 patients (53 women) for an average of 60
days after the onset of symptoms. Fatigue (53.1%) and dyspnoea
(43.4%) persistently occurred in 87.54% of patients with COVID-
19. The proportion of females and the prevalence of symptoms
were similar to those in our study.

The prevalence of fatigue amongst women in the present study
was also confirmed in a study by Kamal et al. (21), which analyzed
287 patients (64.1% women) and reported several persistent
manifestations of long COVID and a higher prevalence of fatigue
in women (72.8%).

In the present study, those with persistent symptoms were
closer to the beginning of COVID-19 recovery, that is, <3-
6 months of recovery. Al-Aly et al. (22) studied patients with
COVID-19, who recovered at least 30 days after their diagnosis
for 6 months. This is because the first 30 days or more of the
illness after the diagnosis is associated with an increased risk
of death; this results from the occurrence of several respiratory,
neurological, and cardiovascular disorders, as well as malaise;
fatigue; and musculoskeletal pain.

Persistent post-COVID-19 symptoms within 3-6 months after
“recovery” from COVID-19 were also described by Gonzélez-
Hermosillo et al. (23), who analyzed 130 patients. Of these, 91.5%
reported at least one symptom prior to the onset of infection. The
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TABLE 4 | Analysis of HRV duration of long COVID and dyspnoea in the hospitalization groups based on the control group.

Variable Hospitalised Control group  P-Value Not hospitalised Control group P-Value <3 months Control group  P-Value >3 months Control group  P-Value
(n=54) (n =94) (n=101) (n =94) (n=74) (n =94) (n=81) (n =94)
Mean + DP Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
RR (Ms) 794.16 + 132.22 865 + 121 *0.001 822.28 +126.72 865 + 121 *0.010 806.93 + 129.25 865 £+ 121 *<0.0001 847.24 £+ 138.30 865 + 121 0.366
SDNN (Ms) 28.47 £ 28.46 46.50 +£29.20 *<0.0001 42.58 £+ 119.92 46.50 £29.20 *<0.0001 39.84 + 111.68 46.50 +£29.20 *<0.0001 46.83 + 133.77 46.50 +£29.20 *<0.0001
RMSSD (Ms)  31.48 + 37.22 54.90 + 40.64 *<0.0001 35.05 + 30.59 54.90 + 40.64 *<0.0001 33.61 4+ 34.34 54.90 +40.64 *<0.0001 38.25 + 35.68 54.90 + 40.64 *0.000
SD1 (Ms) 22.29 + 26.36 39.89 +£28.39 *<0.0001 24.82 +21.66 39.89 +£28.39 *<0.0001 23.80 + 24.32 39.89 +£28.39 *<0.0001 27.09 + 25.27 39.89 + 28.39 *0.000
SD2 (Ms) 32.88 + 31.12 51562 +£31.79 *<0.0001 35.27 +21.96 51562 £31.79 *<0.0001 34.27 + 26.80 51562 £31.79 *<0.0001 35.93 +23.32 51.562 +£31.79 *<0.0001
SD1/SD2 0.61 +0.25 0.76 &+ 0.324 *0.002 0.66 + 0.22 0.76 £ 0.324 *0.028 0.65 + 0.24 0.76 + 0.324 *0.000 0.69 &+ 0.24 0.76 &+ 0.324 0.160
ApEn 112+ 0.15 1.07 £ 0.130 *0.023 114 +£0.12 1.07 £ 0.130 *0.000 1.14+£0.13 1.07£0.130  *<0.0001 1.12+0.18 1.07 £0.130 *0.046
SampEn 1.58 £ 0.37 1.47 £ 0.383 0.066 1.63 +£0.32 1.47 +£0.383 *0.003 1.62 +0.34 1.47 £ 0.383 *0.002 1.59 £ 0.32 1.47 £0.383 0.059
LF (n.u) 54.39 + 21.54 44.65 + 20.71 *0.007 48.83 + 16.71 44.65 + 20.71 *0.006 51.18 + 19.26 44.65 + 20.71 *0.001 47.29 + 18.33 44.65 + 20.71 0.377
HF (n.u) 45.54 + 21,52 55.28 + 20.69 *0.007 51.04 + 16.84 55.28 + 20.69 *0.006 48.69 + 19.23 55.28 + 20.69 *0.001 52.60 + 18.33 55.28 + 20.69 0.370
LF/HF 6.33 + 30.60 1.26 £1.42 *0.002 1.26 £1.15 1.26 £1.42 0.099 1.66 £+ 1.56 1.26 £1.42 *0.001 4.22 + 25.06 1.26 £1.42 0.235

SD, standard deviation; RR, average of RR intervals; N.u, normalized units; SDNN, standard deviation of all normal RR intervals, RMSSD, square root of the mean square of the differences between adjacent normal RR intervals in a time
interval; SD1, rapid changes in RR intervals is an SNP index; SD2, long-term changes; SD1/SD2, short-term ratio for long-term range variation; Approximate entropy, ApEn complexity, approximate entropy, regularity of the RR interval
series and signal complexity; SampEn, simple entropy, regularity of the RR interval series; LF, low-frequency components, ranging from 0.04 to 0.15 Hz; HF, high-frequency components, ranging from 0.15 to 0.4 HZ; LF/HF, low/high
frequency components (normal range 1.5 to 2.0).
*P significant value.

TABLE 5 | Analysis of HRV considering the duration of long COVID-19 and dyspnoea in the control group.

Variables <6 months Control group  P-Value >6 months Control group  P-Value Dyspnoea Control group  P-Value Not dyspnoea Control group  P-Value
(n=119) (n =94) (n = 36) (n =94) (n=132) (n =94) (n=23) (n =94)
Mean + DP Mean + DP Mean + DP Mean + DP Mean + DP Mean + DP Mean + DP Mean + DP
RR (Ms) 806.93 + 129.25 865 + 121 *0.001  830.86 + 127.96 865 + 121 0.159 812.97 + 131.03 865 + 121 *0.002  809.69 + 118.88 865 + 121 0.051
SDNN (Ms) 39.84 + 111.68 46.50 +29.20 *<0.0001  30.46 + 19.96 46.50 £29.20  *0.000  39.81 + 106.10 46.50 +29.20 *<0.0001  25.35 + 20.63 46.50 +£29.20 *<0.0001
RMSSD (Ms)  33.61 + 34.34 54.90 + 40.64 *<0.0001 34.45+28.44 5490 + 40.64  *0.002  34.57 +£33.17 54.90 + 40.64 *<0.0001 29.42 +32.35 54.90 + 40.64 *0.000
SD1 (Ms) 23.80 + 24.32 39.89 +£28.39 *<0.0001 24.40 + 20.14 39.89 +£28.39  *0.001 24.48 + 23.48 39.89 +£28.39 *<0.0001 20.82 + 22.83 39.89 +£28.39 *<0.0001
SD2 (Ms) 34.27 £+ 26.80 51.562 £31.79 *<0.0001 35.00 + 20.69 51.62 +£31.79  *0.001 35.47 £+ 26.30 51.62 £31.79 *<0.0001 28.52 + 19.25 51.62 £ 31.79 *<0.0001
SD1/SD2 0.65 +0.24 0.76 + 0.324 *0.004 0.64 +0.20 0.76 £ 0.324 *0.050 0.64 +0.23 0.76 £ 0.324 *0.002 0.67 +£0.23 0.76 +£ 0.324 0.211
ApEn 1.14 £0.13 1.07 £0.130  *<0.0001 1.11+£0.15 1.07 £0.130 0.218 1.14 £ 0.13 1.07 £0.130  *<0.0001 1.09 £ 0.16 1.07 £ 0.130 0.501
SampEn 1.62 £ 0.34 1.47 +£0.383 *0.003 1.69 +£ 0.34 1.47 +£0.383 0.111 1.62 +£0.33 1.47 £0.383 *0.002 1.55 £ 0.39 1.47 £0.383 0.294
LF (n.u) 51.18 £ 19.26 44.65 + 20.71 *0.016 49.39 + 16.66 44.65 £+ 20.71 0.221 50.39 £+ 19.02 44.65 £+ 20.71 *0.031 52.94 + 16.60 44.65 £+ 20.71 0.077
HF (n.u) 48.69 + 19.23 55.28 + 20.69 *0.015 50.56 + 16.65 55.28 + 20.69 0.222 49.50 + 18.99 55.28 + 20.69 *0.029 46.97 + 16.58 55.28 + 20.69 0.076
LF/HF 1.56 + 1.56 1.26 +£1.42 *0.017 7.90 £37.51 1.26 +1.42 0.063 3.30 +£ 19.64 1.26 +1.42 *0.022 1.46 £1.12 1.26 +1.42 *0.033

SD, standard deviation; RR, average of RR intervals; N.u, normalized units; SDNN, standard deviation of all normal RR intervals, RMSSD, square root of the mean square of the differences between adjacent normal RR intervals in a time
interval; SD1, rapid changes in RR intervals is an SNP index; SD2, long-term changes; SD1/SD2, short-term ratio for long-term range variation; Approximate entropy, ApEn complexity, approximate entropy, regularity of the RR interval
series and signal complexity; SampEn, simple entropy, regularity of the RR interval series; LF, low-frequency components, ranging from 0.04 to 0.15 Hz; HF, high-frequency components, ranging from 0.15 to 0.4 HZ; LF/HF, low/high
frequency components (normal range 1.5 to 2.0).
*P significant value.

‘e 10 senbue

sjuaed QIAOD BUOT SlWoUoINY OBIpJeD)


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Marques et al.

Cardiac Autonomic Long COVID Patients

symptom of fatigue persisted among those aged between 40 and
50 years who had long COVID for 3-6 months. As in our study,
in the same age group, women were more likely to experience
long-term symptoms.

The mechanism of COVID-19 development, immune system
response, and Autonomic Nervous System (ANS) are complex
subjects. SARS-CoV-2 can activate the innate and adaptive
immune responses, generating inflammatory responses that can
lead to local and systemic damage (24). Autonomic dysfunction
may be mediated by the virus itself. However, during the
cytokine storm, vagal stimulation induces an anti-inflammatory
response, while sympathetic activation induces the release of pro-
inflammatory cytokines. Some studies reported the association
between autonomic dysfunction and the short and long-term
neurotropism of SARS-CoV-2 (25, 26).

Increase in the influence of sympathetic activity at rest,
which can generate an increase in premature deaths, remains
of great concern (27). This alteration may increase the HR,
while the emergence of cardiovascular diseases predisposes
the patient to systemic arterial hypertension and incorrect
adaptations of the ANS in response to this (28), thus impairing
cardiac regulation.

Heart rate variability has been used to diagnose autonomic
regulation, and sympathetic and parasympathetic imbalance
occurs in dysautonomia. It is unclear, how dysautonomia
with HRV dysregulation occurs in patients with COVID-
19 and long COVID. This could be due to neurotropism,
hypoxia, and inflammation caused by the autonomic-virus
pathway or immune-mediated processes after viral exposure
(29). Cardiovascular dysautonomia frequently occurs in patients
who recover from COVID-19. There is a reduction in the HRV
components (rMSSD and SDNN) when compared with that
in uninfected individuals. Despite the scarcity of HRV data,
some researchers have been investigating autonomic dysfunction
in patients with long COVID to improve disease management
and prognosis and limit the progression of the disease (30).
Further, the adverse effects of viral infection can generate
an increase the sympathetic tone influence, thus preventing
the balance in parasympathetic modulation in patients with
long COVID.

We reported an increase influence of in the resting
sympathetic tone, a decrease in parasympathetic tone, and
significant changes in RMSSD and SDNN in long COVID
clinical groups compared with those in long-term COVID
groups and reduced LF/HF compared with that in the COVID-
19-uninfected control group. A previous cross-sectional study
conducted by Kaliyaperumal et al. (31) analyzed 106 patients
treated for COVID-19 (asymptomatic or mildly to moderately
symptomatic). Of these, 63 (59.4%) had COVID-19, while
43 (40.6%) were healthy. The authors demonstrated high
rates of autonomic imbalance in patients with COVID-19.
Parasympathetic modulation (rMSSD and SDNN) increased
in the patients with COVID-19 independent of age, sex, and
comorbidities, while the HRV components in LF and HF
potencies decreased in COVID-19 patients, when compared with
the healthy uninfected individuals.

The parasympathetic activity (RMSSD, SDI1, and HF)
decreased in long COVID clinical groups; this finding suggests
that parasympathetic changes may be associated with mediation
of the inflammatory process. However, in a meta-analysis of
159 studies by Williams et al. (32), a negative association
was found between HRV and vagal indices (e.g. HF), SDNN,
and inflammation markers. SDNN was strongly associated with
inflammatory markers and had greater effects in women than
in men.

Other decreases in parasympathetic modulation were
reported by Gifford et al. (33), who examined the autonomic
function and HRV after extreme resistance exercise. They
reported that healthy women have a lower sympathetic profile;
an increase in HRV within 15 days after performing exercise
showed better parasympathetic activity (RMSSD, SD1, and HF),
increased global HRV (SD1/SD2), and increased SampEn.

In the present study, changes in ApEn and SampEn entropies
were not observed in the long COVID clinical groups compared
with that in the COVID-19-free control group. However, Bajic,
Daji¢, and Milovanovi¢ (34), when analyzing the different
entropies (Apen, SampEn, binary, sample, and multiscale) of
116 patients with COVID-19 (mild to severe) and 77 healthy
controls, only found significant cross-entropies in heart rate
signals and systolic pressure. Most of the patients with COVID-
19 had lower SampEn values compared with those in the control
group. Considering that ANS dysfunctions are associated with
COVID-19 severity, we believe that signal acquisition is complex;
moreover, no difference was found in the entropies between
patients with COVID-19 and controls.

Heart rate variability has been assessed in other studies to
determine autonomic functions (35). Linear and nonlinear
methods were used to analyse HRV to assess cardiac modulation
(36). Our study demonstrated HRV alterations in the long
COVID population with cardiac autonomic dysfunction;
increased influence of sympathetic activity at rest was associated
with increased HR and blood pressure levels, cardiovascular
problems, poorer prognosis, and sudden death. However, this
finding still needs to be extensively explored to understand
the mechanisms leading to these alterations. In addition, the
usefulness of this tool in clinical practice should be evaluated.

Strengths and Limitations

Heart rate variability analysis was performed using a
cardiofrequency meter, which is influenced by individual and
behavioral factors. The study was performed at a single center
and had a small sample size. The sample was representative of
the population studied; few studies described in the scientific
literature used HRV analysis for assessing cardiac modulation in
the long COVID population. However, further studies need to
be conducted to understand the repercussions of long COVID in
different body organs and on breathing controls to understand
whether long COVID impacts cardiac autonomic modulation.
The results collected in this study will be fundamental for the
initial understanding of cardiac autonomic alterations in patients
with long COVID.
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CONCLUSIONS

Our results demonstrated that the long COVID clinical
groups showed reduced HRV compared with the COVID-
19-uninfected control group. Short-term linear and nonlinear
methods demonstrated good precision in this population.
Therefore, changes in long COVID should be monitored to
understand its involvement in cardiac autonomic modulation
and detect possible cardiovascular changes for short- or long-
term prevention. In particular, increased influence of sympathetic
activity may be linked with cardiovascular imbalances, chronic
disease, and sudden death. Hence, further tests and clinical trials
should be conducted to understand the after-effects of long
COVID on cardiac autonomous modulation. Although changes
in the ANS were observed, it is unclear, whether the changes
were caused directly or indirectly by infection or systemic
inflammatory state in patients who recovered from COVID-19.
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