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infection of the central nervous system) are involved in 
neurological lesions [5–8]. Many patients who had mild 
or moderate symptoms of SARS-CoV-2 infection may 
have recovered, while some have continued to develop-
ing symptoms after their initial sickness. We defined 
persistent symptoms occurring more than four weeks 
after coronavirus disease 2019 (COVID-19) infection as 
long-COVID (LC) [9]. Long-term issues may influence 
COVID-19 survivors of all ages [10] and sexes [11, 12]. 
LC symptoms occur after 4–6 weeks of recovery from 
the initial illness and include fatigue, dyspnea, chest pain, 
and orthostatic pain [13].

Patients with LC frequently exhibit abnormalities in 
their neurological function [14]. Dysautonomia as a part 
of the LC symptom complex [15], has been linked to cog-
nitive impairment [16] and a higher chance of fatal dis-
ease consequences [17]. The parasympathetic nervous 

Introduction
Severe-acute-respiratory-syndrome-related coronavirus 
2 (SARS-CoV-2) affects the cardiorespiratory, immune, 
endocrine, gastrointestinal, and nervous systems [1–3]. 
The SARS-CoV-2 may directly invade the brain via the 
ethmoid bone or olfactory bulb and is dependent on 
angiotensin-converting enzyme 2 (ACE2) receptors for 
intracellular penetration during acute infection [4]. In 
addition, indirect mechanisms due to cytokine storms 
(e.g., vasculitis, thrombosis, endothelial damage, inflam-
mation, and immune response reaction to the viral 
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Abstract
Background  Long-term COVID-19 (LC), which may affect the autonomic nervous system (ANS), is the term for 
the symptoms that some patients had for an additional month after contracting the virus. Therefore, during the LC 
phase, ANS status was evaluated in patients with mild-to-moderate COVID-19 using heart rate variability (HRV), a 
measurement of ANS function.

Methods  A cross-sectional research with 173 participants - both positive and negative for COVID-19 – was 
conducted. Based on self-reports, patients with COVID-19 were classified as to whether they had LC or not. A 
5-minute ECG recorder and data detection and response report were used to measure the ANS.

Results  There were notable age differences across the groups (p = 0.034). Patients with LC under 25 years of age 
had a lower HRV categorized as a very-low-frequency (VLF) domain (p = 0.012). Compared to the group without LC, a 
higher number of people in the LC group had aberrant autonomic neuroactivity (p = 0.048).

Conclusion  Mild-to-moderate patients with COVID-19 in young to middle age may develop autonomic dysfunction 
one month after infection.
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system (PNS) and sympathetic nervous system (SNS), 
which have opposing roles, control one another, and 
maintain the balance of the autonomic nerves, make up 
the autonomic nervous system (ANS). Decreased heart 
rate variability (HRV), diminished vagal activity and 
dysregulated sympathetic activity are signs of ANS dys-
function in patients with LC [18, 19]. The likelihood that 
heart rate variability (HRV), a measure of ANS action, 
predicts LC has been reported in recent years [20, 21]. 
Measurement of HRV is a valuable method for assessing 
neurocardiac physiological status [22] produced by heart-
brain interaction in a dynamic nonlinear autonomic 
nervous system [23]. The electrical activity of the heart, 
i.e. changes in a single heartbeat over time, is typically 
evaluated through electrocardiogram (ECG) testing [24]. 
The level of HRV is influenced by factors such as physi-
cal activity, stressful conditions, temperature [25], and 
personal mood. HRV can be seen as the heart’s adaptive 
response to various stimuli, reflecting integrated regula-
tion of physiological, psychological, and cognitive states. 
According to the study of Acharya et al., HRV detects 
and reacts to physiological changes, acting as a reflection 
of the ANS state [26]. Thus, in our study, HRV was used 
as an indicator to assess potential cardiovascular system 
disorders.

The occurrence of different COVID-19 complications 
is associated with sex and the total duration of illness 
[27]. As reported, women are more prone to high symp-
tom loads of chronic stress, depression, anxiety, etc [28, 
29]. , with subjective chemosensory dysfunctions (includ-
ing anosmia and ageusia) being less common [30]. It has 
been suggested that the development of LC symptoms 
could be linked to autonomic dysfunction resulting from 
cytokine storms or immune-mediated [15, 31] inflamma-
tory cytokines and coagulation excessive activation [32].

We observed that more data should be collected for 
research on ANS function in patients with LC, specifi-
cally for studies conducted one to twelve months fol-
lowing infection. This cross-sectional study aims to 
contribute evidence in this regard and guide future pre-
ventive and clinical interventions.

Methods
Study design and setting
Dongguk University in South Korea conducted a cross-
sectional study on patients with LC from May 2022 to 
December 2023. Individuals between the ages of 18 to 
50 make up the target population since they are the main 
working population in this age range. Simple random 
sampling was used without conditional matching, which 
could limit the unequal gender distribution.

Data collection
A total of 239 adults were recruited. Of 173 partici-
pants under the age of 50 years and over the age of 18 
years were included in the study. Participants who vis-
ited the school health center gave their consent for this 
study to be carried out before the commencement. The 
participants were introduced to undergo an HRV sur-
vey in the same room at room temperature ranging from 
26–28℃. Quiet conditions were maintained during the 
test. The short-term HRV parameters were recorded for 
5  min using an ECG device in the school nurse’s office 
(SA-3000P, Medicore, South Korea). The participants 
were then invited to complete a pre-assessment ques-
tionnaire for LC, which is provided as the supplemen-
tary file. The questionnaire was specially developed for 
this study, drawing upon definitions, primary symptoms, 
and patient assessments and management for LC as out-
lined by the World Health Organization [33], American 
Centers for Disease Control and Prevention [34], British 
National Health Service [35] and Australian Health Care 
Centre [36]. The questionnaire was initially designed and 
completed in the participant’s native language, and we 
translated the responses into English during the subse-
quent data processing stage. Results lacking HRV reports 
or questionnaires were deemed low-quality and excluded 
from the study. Additionally, participants on medication 
or repeated reports were also excluded as shown in Fig. 1.

This study’s final results comprised 173 participants, 
including 116 individuals who have a COVID-19 his-
tory and 57 healthy individuals. Of the 116 patients 
with COVID-19, 32 presented LC symptoms, includ-
ing fatigue, cough, dyspnea, and dermatological allergic 
reactions. The study included three groups: group 1 com-
prised healthy participants without confirmed SARS-
CoV-2 infection; group 2 comprised individuals who 
had recovered from COVID-19; and group 3 comprised 
patients with LC. The included participants were aged 
22.5±5.88 years and included 43 males and 130 females.

HRV measurement
Both the frequency domain and the temporal domain are 
included in the HRV parameters. The variability of the 
inter-beat interval was used to get time-domain measure-
ments [23]. The relative or absolute power in four-band 
distributions is measured in the frequency domain. The 
study’s temporal domain contained the psychological 
stress index (PSI), the standard deviation of normal-
to-normal (SDNN), and the root mean square of the 
successive normal (RMSSD), which characterizes para-
sympathetic high-frequency region activity. Addition-
ally, using Fourier transform analysis, we gathered three 
distinct band powers: very low frequency (VLF = 0.003–
0.04  Hz), low frequency (LF = 0.04–0.15  Hz), and high 
frequency (HF = 0.15–0.4  Hz). HF is a stand-in for the 
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PNS in the frequency domain. A high LF denotes higher 
SNS activity, although the PNS or SNS might represent 
LF. An indicator of sympathetic/vagal balance is the LF/
HF ratio [37]. Furthermore, there may be a correlation 
between VLF and SNS activity [38, 39]. Additionally, the 
HF frequency range can be used to measure vagal tone, 
which regulates HRV during the respiratory cycle [37].

The SA-3000P device performs an AI-driven three-
minute HRV analysis and produces a data detection and 
response (DDR) report to evaluate the autonomic ner-
vous system’s balance. The DDR report covers various 

factors including autonomic activity, autonomic balance, 
autonomic stability, stress resistance, stress index, fatigue 
index, the mean heart rate, electrocardiac stability, and 
ectopia. Each factor is evaluated according to specific rat-
ing criteria (See Table S1).

Statistical analysis
Continuous data are represented as mean ± SDs and 
categorical data are expressed as percentages. The nor-
mality of continuous variables was first tested using the 
Shapiro-Wilk test. Student’s t-test or ANOVA was used 

Fig. 1  Study selection. Cross-sectional Study, 2022–2023. A total of 239 reports were received. Of 66 reports were excluded as repeated reports from the 
same individual, reports missing heart rate variability survey section, or participants are on medication (Antihypertensive drugs and analgesics). Finally, 
173 reports met the screening criteria which were categorized into three groups depending on the LC status. *COVID-19: coronavirus disease 2019; LC: 
long-term COVID-19
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for independent variables. The Mann-Whitney U test 
or Kruskal-Wallis rank-sum test was used for non-para-
metric variables. Categorical variables were tested via 
Pearson’s chi-square test, the chi-squared test with Yates’ 
continuity correction, Fisher’s exact test, and the Krus-
kal-Wallis test. Statistical significance was set at a P-value 
of ≤0.05. Statistical analyses were performed via the R 
package (ver.4.3.2) and R-Studio software (5704.12.0.0).

Results
The research population consisted of 163 college stu-
dents (94.22%), 1 postgraduate (0.58%), 1 teacher (0.58%), 
3 assistants (1.73%), and 5 staff members (2.89%). Among 
the 173 participants, 116 had a COVID-19 history, with 
84 recovering from the infection (72.41%) and 32 experi-
encing LC effects (27.59%). These participants were cat-
egorized into two groups: Group 2 included those with 
a history of COVID-19 but no LC symptoms, whereas 
Group 3 included those with LC symptoms. The remain-
ing 57 healthy participants formed the control group 
(Group 1). Among the participants, three had been hos-
pitalized (1.73%), and seven (4.05%) had underlying dis-
eases, all of whom had a history of COVID-19. These 
conditions include hypertension, tuberculosis, pneumo-
nia, migraine, and rhinitis. No underlying diseases were 
observed in the control group.

The participants’ characteristics are presented in 
Table  1. There was an age difference among the study 
participants across the three groups (p < 0.05), with 
observable distinction between participants with and 

without LC, particularly among 18–25 years of age 
(p < 0.001). Additionally, the results revealed that patients 
with LC presented a greater likelihood of underlying dis-
ease (p = 0.044) than participants without COVID-19.

Table  2 shows the HRV characteristics of each of the 
three groups, which suggested that individuals affected 
by LC had significantly different SDNN, VLF, and PSI 
(p < 0.05) values than those in Group 2. Patients with 
LC exhibit a decreased SDNN and VLF, along with 
increased PSI, indicating dysregulated sympathetic activ-
ity and heightened autonomic stress. However, we did 
not observe differences in the DDR scale, possibly influ-
enced by the confounding factor of age. Therefore, we 
conducted HRV analyses for various age groups, as pre-
sented in Tables 3 and 4.

All of the individuals’ general characteristics were ana-
lyzed in Table  1, revealing significant differences in the 
age factor. No variations in ANS function were noted in 
general, nevertheless. To avoid age-related bias, we sepa-
rately investigated HRV features in individuals aged < 25 
years and ≥ 25 years. In line with the results from Tables 2 
and 3 demonstrates a lower VLF among the patients with 
LC in Group 3 who were under 25 years of age (p = 0.012), 
when compared to the patients without LC. The higher 
proportion of individuals with poor autonomic activity 
in this group may also explain the observed decrease in 
VLF. Conversely, Table 4 indicated no appreciable varia-
tions in HRV were observed among study participants 
aged ≥ 25 years old.

Table 1  General characteristics of study population (n = 173)
Variable Healthy controls 

(group1)
Patients without 
LC# (group2)

Patients with 
LC# (group3)

P1# (among group1-3) P2#(between 
group1 and group3)

P3#(between 
group2 and 
group3)N = 57 N = 84 N = 32

Age 22.2 ± 4.29 21.2 ± 2.52 26.8 ± 10.9 0.0342)* 0.0506) 0.0406)*

  < 25 49(86.0) 80(95.2) 22(68.8) < 0.0013)** 0.0523) < 0.0013)**

  ≥25 8(14.0) 4(4.8) 10(31.2)
Sex 0.6763) 0.4203) 0.4033)

  Man 15(26.3)) 22(26.2) 6(18.8)
  Woman 42(73.7) 62(73.8) 26(81.2)
COVID-19 vaccine 0.8464) 0.6304) 0.5304)

  Yes 53(93.0) 80(95.2) 30(93.8)
  No 4(7.0) 4(4.8) 2(6.2)
Regular exercise 0.1853) 0.1853) 0.9663)

  Yes 35(61.4) 39(46.4) 15(46.9)
  No 22(38.6) 45(53.6) 17(53.1)
Underlying disease 0.0514) 0.0444)* 0.4394)

  Yes 0(0.0) 4(4.8) 3(9.4)
  No 57(100.0) 80(95.2) 29(90.6)
SBP# 120 ± 14.6 118 ± 12.6 116 ± 12.3 0.1451) 0.0706) 0.5106)

DBP# 71.6 ± 11.6 70.0 ± 11.6 73.0 ± 10.4 0.7612) 0.5575) 0.1785)

#: LC: long-term COVID-19; SBP: systolic blood pressure; DBP: diastolic blood pressure; P1: p-value of statistical analysis among group 1–3; P2: p-value of statistical 
analysis between group1 and group3; P3: p-value of statistical analysis between group2 and group3. *: p < 0.05; **:p < 0.001. Statistic methods: (1) ANOVA test; (2) 
Kruskal-Wallis H test; (3) PearsonPearsonVA test; 2) VA td group3. *:; P1: p-value of statistical analysisWhitny U test
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Discussion
This study examined HRV and autonomic homeosta-
sis among students and staff at a South Korean univer-
sity more than 4 weeks after contracting COVID-19. We 
defined this stage as LC from the National Institute for 
Health and Care Excellence. According to ANS evalu-
ations, we identified patients with LC had a potential 
reduction in vagal activity and heightened stress levels. 
Notably, this tendency was observed only among partici-
pants under the age of 25, which could be related to the 
sample size, measurement difficulties, or the influence of 
underlying disease impact limits.

Previous studies have produced contradictory find-
ings, with one study pointing to enhanced PNS activ-
ity as evidenced by higher HRV levels in patients with 
COVID-19 compared to healthy individuals follow-
ing the acute infection phase [22], while other studies 
noticed decreased HRV levels in patients with a history 
of COVID-19 [20, 40–43]. The latter research predomi-
nantly evaluated patients 12 weeks after infection, 
whereas the former mostly focused on patients within 8 
weeks of COVID-19 infection. This temporal mismatch 
may assist in explaining the gap in the results. Within 12 
weeks of infection, there was an increase in SNS activ-
ity and the inhibition of PNS as a result of the mental 
stress and the virus’s long-lasting consequences. Our 
study focuses on mild-to-moderate adults aged 18–50 
years to evaluate their autonomic balance. The absence 
of severe COVID-19 patients is a fundamental feature of 
the study cohort. First, there was a notable age difference 
between the LC group under 25 years and the rehabili-
tation group, but no significant difference was observed 
compared with the healthy population. Apart from this 
distinction, no other significant differences were found in 
the general characteristics of the groups. Although young 
adults who presented with mild-to-moderate ANS disor-
ders after post-COVID-19 had increased stress indices, 
lower HRVs, and global variability than healthy individu-
als did [44], we found no differences in HRV between the 
recovered group and the healthy group. This finding may 
be attributed to the predominant representation of young 
adults in our sample, which aligns with findings reported 
in the current literature [45–48].

The majority of participants in this study were women. 
While some studies have indicated that women may be at 
increased risk for LC [49–53], we observed no significant 
difference in the sex within the LC group in our present 
cohort. This difference appears to be due to the unequal 
gender distribution [54].

Building on the interpretation proposed by Freire et 
al. [47], the potential improvement in ANS abnormali-
ties following mild-to-moderate SARS-CoV-2 infection 
in young adults potentially leads to recovery in HRV. 
Similar to our results, no differences were found in sex, Pa
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RMSSD, LF, or HF between the study groups. Some stud-
ies have reported lower ventricular and arterial stiffness, 
better myocardial contractility, preserved organ innerva-
tion [55, 56], and increased sensitivity of vagal reflexes 
[57] in young adults. This evidence collectively suggests 
the potential for remedying autonomic system dysfunc-
tion in young adults.

Due to the measurement challenges and unclear change 
processes, the VLF band has not been included in or fully 
investigated in the most recent studies on LC-associated 
HRV. The VLF rhythms are thought to be generated 
through stimulating heart-afferent sensory neurons, with 
variations at rest potentially indicating changes in sympa-
thetic activity [58]. Among the HRV metrics, VLF takes 
the longest to baseline [59], which could be one of the 
factors contributing to measurement challenges. Blood 
et al. discovered a favorable correlation between VLF and 
depression symptoms [60]. In our study, patients with LC 
have lower VLF levels than those without LC, suggest-
ing a potential and ongoing enhanced risk of experienc-
ing depressive symptoms four weeks after COVID-19 
infection. According to earlier studies, the common HRV 
interpretations for short-term measures (5–10  min) are 
HF, LF, and its ratio [61]. These parameters are impor-
tant, but we did not find any significant differences 
between the groups, suggesting that the analysis of VLF 
may be overestimated.

On the other hand, some studies reported that low 
VLF is related to chronic inflammation, and decreases 
in c-reactive protein (CPR) and Interleukin 6 (IL-6) lev-
els were observed [62, 63]. Taylor et al. suggested that 
parasympathetic activity dominates very low-frequency 
RR-interval rhythms [64]. The frequency of efferent vagal 
nerve transmission to the heart fluctuates at very low 
respiratory rates. The adverse prognostic value of low 
VLF suggests reduced vagal-cardiac nerve trafficking. 
Our findings suggest that lower VLF and greater inci-
dence of abnormal autonomic activity in long-COVID-19 
patients under 25 years of age indicate a poorer ability to 
generate chronic inflammation in the body. Such long-
term alterations in autonomic activity may be associated 
with persistent systemic inflammation, neurotropism, or 
procoagulation [65–67]. Interestingly, we didn’t notice 
this difference in people who were older than 25. The lim-
ited sample size and the absence of a 24-hour measure-
ment, which is necessary to accurately identify VLF [68], 
may have an impact on it. Additionally, the discrepancy 
in Table  1 shows that patients with LC who were older 
than 25 had more underlying disorders, which will have 
an effect on the HRV that led to this disparity between 
the two age groups. This data emphasizes how criti-
cal it is to focus on young people, especially those with 
LC, whose prognosis might be worse than previously 
thought. They might face academic stress on college, as Pa
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well as vagal-controlled cardiorespiratory and psycho-
cognitive issues.

The study sample was selected from a homogeneous 
community and conducted the study in a school environ-
ment to guarantee credibility. However, a design like that 
would restrict its potential to be applied to a wide range 
of people. Additionally, although the findings regarding 
HRV with the SA-3000P device are debated, we rigor-
ously controlled for variables leading up to testing. This 
machine utilizes AI technology to assess and diagnose 
autonomic balance, offering more precise and intuitive 
results on autonomic changes.

It is crucial to consider this study’s several limitations. 
First, because the data were not gathered for the cur-
rent investigation, the cross-sectional study design was 
impacted by recollection bias and hard-to-control con-
founding factors. Second, the time aspect of COVID-19 
recovery makes it challenging to rule out bias because 
there is no reliable time record for disease infection and 
recovery. Third, it is difficult to extrapolate the results to 
a range of people, including individuals with varying edu-
cational backgrounds and vocations, due to the limited 
and homogeneous sample size. Lastly, we obtained the 
data from the participants without any means of assess-
ing the information’s dependability, which could cause 
the study’s findings to be overinterpreted.

The health impacts of LC may be deeper for younger 
persons since they are less prone to have concomitant 
chronic conditions. Therefore, for attempts to improve 
the quality of life and reduce the burden through suit-
able therapies, a faster and more precise diagnosis of LC 
is required. Furthermore, this study recommends the 
application of non-invasive HRV testing instruments. To 
ensure the accuracy of the results studies could gather 
prospective cohort data and record, compile, and discuss 
HRV test results at various intervals (5–10 min or 24 h).

Conclusion
Young patients (ages 18–25) with LC show signs of 
autonomic nervous system dysfunction four weeks 
post-infection, suggesting that future research should 
concentrate on interventions and therapies to target 
autonomic dysfunction in young patients with LC. Non-
invasive HRV measurement is helpful in assessing this 
dysfunction.
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HF	� High frequency
LF	� Low frequency
VLF	� Very low frequency
HR	� Mean heart rate
DDR	� Data detection and response
P	� P-value
CPR	� C-reactive protein
IL-6	� Interleukin 6
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