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The heart rate variability changes in measles, HIV, and SARS-CoV-2

infections; a subtle autonomic involvement - a pilot study

Ilinca Savulescu-Fiedler', Teodora Deaconu®”, Roxana Siliste’, Corina Homentcovschi®, Adriana Gurghean®, loana
Toader®, Serban Benea’

Abstract

Introduction Inflammation may induce dysautonomia, which is revealed by the decrease in heart
rate variability (HRV) parameters. Our pilot study compares changes in HRV and the association
between HRV and inflammatory markers in three RNA viral infections: acute (SARS-CoV-2, measles)
and chronic (HIV).

Methods We evaluated 25 patients with viral infections and 8 control patients without viral disease,
with similar mean age and comorbidities. Patients with measles and COVID-19 were hospitalized for
mild to moderate respiratory symptoms, while those with HIV were assessed during follow-up visits.
HRYV parameters were assessed in time and spectral domains, under standardized conditions.

Results Significant differences were identified between measles and COVID-19 patients regarding
SDNN (p=0.016), tMSSD (p=0.002), and between COVID-19 and HIV patients, both for SDNN
(p=0.029) and rMSSD (p=0.017). SDNN and rMSSD had the highest value in COVID-19 group and the
lowest value (lower than in the control group) in HIV and measles patients. All frequency-domain
parameters reached their highest values in COVID-19 patients, whereas they were consistently lower in
those with HIV and measles. A significant correlation of LF/HF ratio with serum fibrinogen was
observed only in patients with measles and HIV infection (r=0.793, p=0.011, respectively r=0.955,
p<0.001).

Conclusions Our study showed a significant decrease in HRV parameters in measles and HIV
patients, with a more stable autonomic response in mild-moderate COVID-19 forms. A correlation
between inflammation and markers of sympathetic dominance was found in patients with measles and
HIV but not in COVID-19. Further studies may assess the relation between inflammation in viral
infections and subtle changes in HRV parameters.
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Introduction reflects the dynamic interplay between the
The heart rate variability (HRV) represents sympathetic and parasympathetic branches of the
the fluctuation in cardiac electrical signals and
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autonomic nervous system (ANS)." As such, HRV
is widely recognized as a non-invasive marker of
cardiac autonomic regulation. Evaluating HRV is
valuable for estimating cardiovascular risk in
specific situations, as reduced HRV has been
consistently linked to an increased risk of
cardiovascular  mortality, including sudden
cardiac death, and arrhythmic risk.”’

A growing body of literature demonstrates
the relationship between both acute and chronic
inflaimmation and the tone of the sympathetic
nervous system. Bhati et al. revealed a connection
between HRV and inflammatory biomarkers.*
The parasympathetic and sympathetic systems
have opposing effects on inflammation. The
vagus nerve, which inhibits cortisol release and
cytokine production by splenic macrophages,
plays  a crucial antiinflammatory  role.’
Adrenergic signaling regulates various functions
in immune cells, including cellular migration and
cytokine secretion.’

The present pilot study compares changes in
parameters that assess HRV in shortterm
recordings across three types of RNA virus
infections. It also investigates the potential link
between HRV  parameters and  serum
inflammatory markers commonly used in clinical
practice, including C-reactive protein (CRP) and
fibrinogen. The findings of our study will lay the
groundwork for a larger trial. We selected three
RNA viruses, measles and SARS-CoV-2, to
analyze their impact on HRV during acute
inflammation, as well as HIV to evaluate its
influence on HRV in the context of chronic
inflammation.

These viruses are selected due to the complex
relationship between RNA viruses and cardiac
disease. The SARS-CoV-2 virus has a high
tropism for the angiotensin-converting enzyme 2
receptor, as well as for hypothalamic and
brainstem structures, which may lead to
dysautonomia.” The cytokine storm, a widespread
inflammatory response, may contribute to ANS
dysfunction observed in COVID-19 patients.’
Additionally, low HRV parameters are directly
associated with mortality in COVID-19.° In the
context of measles infection, the ANS can be
significantly affected through several
mechanisms, including central and peripheral

neurotropism,  the inflammatory
response, and  baroreflex  dysfunction.”"
Furthermore, abnormal autonomic function tests
are commonly reported in people living with
HIV, with many studies showing both
sympathetic and parasympathetic dysfunctions."

systemic

Methods

The study is a pilot study that included 25
patients diagnosed with RNA viral infections, 9
with measles, 8 with HIV, and 8 with SARS-CoV-
2, recruited consecutively during various
epidemiological periods between 2022 and 2024.
Patients with measles and SARS-CoV-2 infection
were hospitalized for mild to moderate
respiratory symptoms, while those with HIV were
assessed during scheduled follow-up visits. All
participants were selected from two healthcare
institutions: the National Institute for Infectious
Diseases “Prof. Dr. Matei Bals” and the Coltea
Clinical Hospital, both from Bucharest,
Romania. An additional control group consisted
of 8 individuals with an average age similar to
that of the entire group of patients with viral
infection, as well as a similar distribution of
comorbidities compared to the entire group of
studied patients. Patients in the control group
did not have a viral infection with any of the
studied viruses.

Diagnosis in each group was established
based on clinical and laboratory criteria. Measles
cases presented with a typical maculopapular
rash, fever, and/or conjunctivitis, and were
confirmed serologically through the detection of
measles-specific [gM antibodies. HIV-positive
patients had a confirmed diagnosis, were
receiving stable antiretroviral therapy, and
showed no signs of opportunistic infections at
the time of evaluation. SARS-CoV-2 infection
were confirmed through RT-PCR testing.

Exclusion criteria encompass severe
respiratory symptoms, confirmed or suspected
myocarditis, prior significant pulmonary diseases,
decompensated cardiac conditions, cancer, and
other associated infections (bacterial, fungal, or
viral). The small sample size was determined by
the number of measles patients and the
constraints of the aforementioned exclusion
criteria.
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All enrolled patients underwent evaluation of
inflammatory status, including measurement of
serum fibrinogen and CRP. We sought to
investigate the correlation between common
inflaimmation assessment parameters and HRV.
Short-term HRV assessments were conducted
using the Inner Balance app-emWavePro device,
a validated non-invasive recording system. The
emWave Pro by HeartMath is a heart rhythm
monitoring system that provides insights into the
autonomic nervous system. It uses a pulse sensor
to measure HRV, including advanced HRV
analysis, which measures time-domain and
frequency-domain variables.

Recordings were performed during the
morning (between 8:30 and 12), under
standardized conditions: patients remained
seated in a quiet environment, following a 10-
minute rest period. The HRV data were collected
over 5 to 10 minutes, with the sensor positioned
at the ear. The shortest recording time required
for all time-domain (tfMSSD and SDNN) and
spectral-domain (TP, VLF, ULF, HF, LF)
recordings is 5 minutes."”" Patients with measles
and COVID-19 infection were evaluated during
the acute infection period (maximum 2 weeks
from diagnosis).

HRV parameters were analyzed to reflect
various components of autonomic function.
Parasympathetic activity was evaluated using
SDNN (standard deviation of the NN intervals),
rMSSD (root mean square of successive RR
interval differences), HF (high frequency band),
nHF, and nhf (normalized power in the High
Frequencies band); sympathetic activity was
assessed via VLF (power in the Very Low
Frequency band), LF (power in the Low
Frequency band), nLF, and nlf (normalized
power in the Low Frequency band); and the
sympathovagal balance was interpreted through
the LF/HF ratio. Additional composite
parameters included HF+LE/TP (total power
band), HF+LF/VLF, HF+LEF/VLF+ULF (power
in the Ultralow Frequency band), VLE/TP, and
VLF+ULE/TP. The complete set of HRV indices
comprised heart rate (HR), time domain metrics
(SDNN, rMSSD), absolute frequency domain
parameters (TP, HF, LF, VLF, ULF, ULF+VLEF),

and relative frequency values (nLF, nlf, nHF, nhf,
LE/HF). HRV analysis is divided into time-based
and frequency-based categories, each providing
unique insights into heart thythm and autonomic
nervous system activity. The main parameters
followed in our study and their significance are
described in Table 1.

All statistical analyses were performed using
SPSS  software (version 26.0, IBM Corp.,
Armonk, NY, USA). Group comparisons were
conducted using the independent samples t-test
for two-group comparisons and ANOVA for
comparisons among multiple groups. Pearson
correlation was used to assess relationships
between HRV parameters and inflaimmatory
markers. Linear regression models were applied
to determine the impact of inflammatory markers
on HRV parameters, including R-squared values
and beta coefficients. A significance level of
p<0.05 was considered statistically significant for
all analyses.

This study was conducted wunder the
principles of the Declaration of Helsinki. Ethical
approval for the study was granted by the Coltea
Clinical Hospital Ethical Committee (approval
number: 6006/10.04.2024) and The National
Institute for Infectious Diseases "Prof. Dr. Matei
Bals" Ethical Committee (approval number:
C04530/26.04.2024). Informed consent was
obtained from all individual participants
included in the study. Patient confidentiality and
data protection were ensured throughout the
study, and all collected data were anonymized
before analysis.

Results

We included 33 patients in our study group,
9 with measles, 8 with COVID-19, 8 with HIV
infection, and 8 in the control group. The
median age of the study population was 48 years
(IQR: 41.5, 65.5). The patients in the COVID-19
group had the highest median age, 67 years (IQR:
63.5, 73.0), while the patients in the measles and
HIV groups had the lowest median age with 46
years (IQR: 38.0, 47.5) and 46.5 years (IQR: 35.3,
54.5), respectively. The male-to-female ratio
varied among the groups, with a higher
proportion of females in the measles group (7:2)
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Table 1. HRV parameters: description, interpretation, and clinical relevance

13,16-18

Parameter - unit | Interpretation | Clinical significance
Time-based parameters
SDDN (standard deviation of the NN | Reflects overall HRV and | Higher values indicate better adaptability.
intervals)- ms autonomic  nervous  system | The SDNN is the "gold standard" for
balance medical stratification of cardiac risk, lower
values being a predictor of both higher
morbidity and mortality
tMSSD  (root mean square of | Measures  shortterm  HRV, | Lower values predict a higher risk of death
successive RR interval differences)- ms | linked to  parasympathetic
activity and recovery ability.
Frequency-based Parameters
TP (total power band of the HRV, | Total power HRV reflects | The clinical meaning of TP is similar to

includes all frequencies < 0.4 Hz- ms?

overall autonomic activity

that of SDNN

HF (power in the high frequency band
of the HRV spectrum, often between
0.15- 0.40 Hz) - ms*

Reflects parasympathetic activity,
associated with breathing and
relaxation.

Lower HF power is correlated with stress,
panic, anxiety, or worry, as well as a higher
risk of mortality.

LF (power in the low frequency band
of the HRV spectrum, often between
0.04 - 0.15 Hz)- ms®

Represents both  sympathetic
and parasympathetic activity

In resting conditions, the LF band reflects
baroreflex activity, being a marker of
blood pressure regulation and vasomotor
tone.

VLF (power in the very low frequency
band of the HRV spectrum, often
with band limits strictly greater than
0.0033 Hz and less than 0.04 Hz) -

m52

Reflects  slower  regulatory

processes in the body, often

linked to factors such as
hormonal activity,
thermoregulation, and
sympathetic  nervous  system

activity

Changes in VLF power can provide
insights
stress, chronic conditions, or underlying

into longterm physiological
health imbalances. Low VLF is strongly
with mortality,
death, and posttraumatic
stress syndrome

associated all-cause

arrhythmic

ULF (power in the ultralow frequency
band of the HRV spectrum, less than

There is disagreement about the
contribution of the PNS and

Circadian rhythms may be the primary
driver of this rthythm

0.0033 Hz)- ms® SNS to this band
LF/HF Ratio Indicates the balance between | A high LF/HF ratio is associated with
sympathetic and | sympathetic dominance, while a low

parasympathetic systems.

LE/HF ratio indicates parasympathetic
dominance.

Normalized HF (nHF* and nhf*) -nu

Assess parasympathetic nervous
activity,  which
associated with relaxation and

system is

A higher nHF value typically indicates

greater  parasympathetic ~ dominance,

reflecting a state of calm and balance.

recovery.
Normalized LF (nLF* and nlf*) -nu Assess the balance between | Higher nLF values may indicate increased
sympathetic and | sympathetic activity, which is associated

parasympathetic nervous system

activity.

with stress or physical exertion.

*nLF= LF/TP-VLF (14), nlf= LF/HF+LF (15); nHF= HF/TP-VLF (14), nhf= HF/HF+LF."

and a higher proportion of males in the control

group (5:3). The HIV and COVID-19 groups

exhibited the following gender
between males and females (3:5).

The highest prevalence of comorbidities was

noted in the COVID-19 group, where high blood

distribution,

pressure and diabetes were the most common
conditions. Four out of eight patients had a
diagnosis of heart failure. In the HIV group, the

prevalent comorbidities included high blood
pressure (n=3) and diabetes (n=2). The
demographic data, comorbidities, and
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inflammatory markers of the patients are
summarized in Table 2.

The median values for HRV parameters for
each group and the statistical comparisons with
the control group are summarized in Table 3.
The HRV parameters showed differences only for
the COVID-19 group compared with the control
group, except for HF+LEF/VLF variation for HIV
patients. In contrast, the COVID-19 group
exhibited significantly higher median values for
TP (3203.05 ms?, IQR:1210.5 - 6503.4, p=0.042),
and HF (1470.6 ms?, IQR: 688.4 - 2923.2,
p=0.036), compared to the control group. In
COVID-19 patients, we noticed a significantly
higher median value for VLF (588.6 ms?,
IQR:154.4 - 1185.6, p=0.046), a higher median
value for LF (315.3-2190.7, p=0.067) and
significantly higher value for VLF+LF (162.5-
1502.3, p=0.043) than the control group. SDNN
(72.6-166.9, p=0.075) and tMSSD (109.5-218.7,
p=0.063) values were higher in COVID-19
patients than in the control group. For HIV
patients, we mentioned a significantly lower value
for HF+LF/VLF (0.45-0.72, p=0.006) than the
control group. Statistical comparisons between
infectious diseases are presented in Table 4.

Significant  differences were identified
between measles and COVID-19 patients in
terms of SDNN (p=0.016), tMSSD (p=0.002),
and between COVID-19 and HIV patients, both
for SDNN (p=0.029) and tMSSD (p=0.017). Both
parameters, SDNN and tMSSD, had the highest
value in COVID-19 patients and the lowest value
(lower than in the control group) in HIV and
measles patients.

Our analysis revealed that frequency-domain
parameters, including TP, LF, HF, VLF, and the
combined VLF+ULF, reached their highest
values in patients with COVID-19, whereas they
were consistently lower in those with HIV and
measles, often falling below the control group
values. Specifically, TP was significantly higher in
the COVID-19 group compared to both measles
(p=0.021) and HIV patients (p=0.002). A similar
pattern was observed for HF (p= 0.023 wvs
measles; p=0.001 vs HIV) and LF (p=0.056 vs
measles; p=0.023 vs HIV). LF and VLF values
followed the same trend, with higher levels in
COVID-19 compared to measles, for LF

(p=0.056) and VLF (p=0.052) and compared with
HIV, for LF (p=0.023) and VLF (p=0.035), as did
the combined VLF+ULF component (p=0.056 vs
measles; p=0.044 vs HIV). The LE/HF ratio was
lowest in COVID-19 patients, with a significant
difference only when compared to measles
(p=0.026).

Regarding derived ratios, HIV patients
exhibited the lowest HF+LE/VLF values,
significantly ~ different from both measles
(p=0.010) and COVID-19 patients (p=0.002).
Similarly, HF+LE/TP was lowest in HIV patients
and significantly lower than in the COVID-19
group (p=0.021). Conversely, HIV patients
showed the highest VLF+ULF/TP and VLE/TP
ratios, with significant differences compared to
COVID-19 patients (p=0.021 and p=0.039,
respectively).

Normalized frequency parameters (nLF, nlf,
nHF, nhf) displayed significant differences
among the viral infection groups but not relative
to the control group. COVID-19 patients had the
lowest nLF and nlf values, while exhibiting the
highest nHF and nhf values. These differences
were statistically significant when compared to
measles (nLF: p=0.014; nlf: p=0.013) and HIV
(nlf: p=0.042; nHF: p=0.030; nhf: p=0.042).

The correlation between the inflaimmatory
markers, CRP and fibrinogen, and HRV
parameters for each infectious disease are
presented in Table 5. In the measles group, a
significant correlation was observed between
fibrinogen and the LF/HF ratio (r=0.793,
p=0.011), with the LF/HF ratio increasing in
correlation with an increase of fibrinogen levels.
We also found in measles patients a significant
direct correlation between fibrinogen and nlf
(r=0.797, p=0.010) and, an inverse correlation
with nhf (r=-0.797, p=0.010) and nHF (+=-0.722,
p=0.028). The only inverse, significantly,
correlation for CRP values and HRV parameters
in measles patients was between CRP and nHF
(r=-0.669, p=0.049). A significant correlation was
observed in the HIV group, between both
fibrinogen and CRP and the LE/HF ratio
(r=0,767, p=0,026 and 1=0,955, p<0,001,
respectively). Additionally, a significant decrease
in tMSSD (r=-0.732, p=0.039) with fibrinogen
was reported in the HIV group. HF showed a
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Table 2. Clinical and laboratory characteristics of the study and control groups

Measles SARS-CoV-2 HIV Control

Number of patients 9 8 8 8
Age in years, median (IQR) 46 67 46.50 54.5

(38.0-47.5) (63.5-73.0) (35.3-54.5) (41.0-70.8)
Male:female 2:7 3:5 3:5 5:3
High blood pressure, n (%) 2,(22.2) 6 (75.0) 3 (37.5) 2(25.0)
Diabetes, n (%) 0(0.0) 6 (62.5) 2(25.0) 2(25.0)
Heart failure, n (%) 0(0.0) 4 (50.0) 0 (0.0 3(37.5)
Atrial fibrillation, n (%) 0(0.0) 3(37.5) 0(0.0) 1(12.5)
Ischemic heart disease, n (%) 1(12.5) 3 (37.5) 1(12.5) 2(25.0)
CRP (mg/dL), median (IQR) 21.6 2.1 2.1 1.5

(17.8-61.7) (1.4-11.6) (0.4-8.0) (0.6-3.9)
Fibrinogen (mg/dL), median 428.0 463.0 284.5 319.0
(IQR) (376.5-509.0) | (365.8-599.3) | (237.0-381.8) | (267.8-474.8)

Table 3. Median values of heart rate variability parameters and inflammatory markers across study groups

?ﬁ;ﬁg (1OR) Measles P SARS-CoV-2 o HIV p | Control group
SDNN (33.%2255) 0217 (72.;122‘90) 0.075 (28‘;00-‘11)02.90) 0486 (51.23228.67)
TMSSD (31.2?12350) 0-161 (109‘15507-‘26158.72) 0,063 (23:02—'1032.60) 0-441 (56.4}726.i6z()9.45)
P (214.%?1'47}83.75) 0817 (121()3.28—362?)3.37) 0.042 (106%5953—’98750.25) 0.271 (283.?)2%221.52)
HF (52.395600(2}.85) 0.682 (688.1:07.396203.15) 0.036 (26.;75—47801.95) 0-203 (78;%82.80)
LF (51.2.54;2.05) 0.824 (315.12();;i6950.65) 0.067 (25.;3.2552.47) 0-234 (60,232?2,65)
VLE (sz.iggig.m) 0.835 (154.54r8<38—i61()85.6> 0.046 (49.52—9228.95) 0613 (57.2%23.70)
LF/HF (0.55-91985) 0.719 (0.4092)1.85) 0.172 (0.6()2—92907) o611 (0.305—721.12)
ULE (5.4101—;}840.85) 0488 (&1?12‘47};.12) 0.206 (1‘029—‘14302.85) 0.243 (3.3157—296(?50)
VLF+ULF o15541895) | 4677 (162.22_51282‘30) 0.0 (53;—34312) 0.994 (72‘22.42‘23.57)
HE+LF/TP (0.54.70(?73) 0.264 (0‘705‘—708‘84) 0636 (0‘405‘?03.72) 0.098 (0‘504;—709.86)
VLF/TP (0.203'—205‘45) 0.232 (0‘104.107‘24) 0-790 (0‘108.359.35) 0-114 (0‘102'.109.23)
VLE+ULF/TP (0.206‘—207‘56) 0.264 (0‘105'-201‘25) 0.6317 (0‘208?07.55) 0.098 (0‘104;-20(?46)
HF+LF/VLF+ULF (0.729'.32?73) 0157 (3.()3%—657.57) 0985 (0.815—122.74) 0112 (1.55—962.07)
HF+LF/VLF (1.226—735.00) 01091 (5 N z?%) 0895 (0.55.503.7 2 | 0006 (2.347’—17%16)
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(Viififf (IQR) Measles P SARSCoV2 ’ o P_| Conmolroup
nHF= HF/TP-VLF (0.302?02.54) 0.353 (0.502-506.66) 0323 (0.302'?05.59) 0-294 (0.304-557.94)
nLE= LE/TP-VLE (0.5525.51) 0442 (0.302.306.43) 0571 (0.308.?03.48) o7t (0,2042(?62)
nhf=HF/HF+LF (00305'_503. s 0258 504_6()%67) 0.531 (0‘304,503,60) 0.329 (0.30?.509.73)
nlf=LF/HF+LF (0.54;—466.64) 0-255 (0.303?0§46) 0534 (0.309‘?07.66) 0-326 (0.207’1)1.63)

Table 4. p-value between groups according median values of heart rate variability parameters and
inflammatory markers.

Measles vs. HIV Measles vs. HIV vs.

SARS-CoV-2 | SARS-CoV-2
SDNN 0.794 0.016 0.029
rMSSD 0.699 0.002 0.017
TP 0.445 0.021 0.018
HF 0.437 0.023 0.011
LF 0.424 0.056 0.023
VLF 0.502 0.052 0.035
LF/HF 0.775 0.026 0.120
Ncoh 0.120 0.140 0.022
ULF 0.773 0.369 0.471
VLF+ULF 0.703 0.056 0.044
HF+LF/TP 0.466 0.075 0.021
VLE/TP 0.601 0.097 0.039
VLF+ULF/TP 0.466 0.075 0.021
HF+LE/VLF+ULF 0.711 0.111 0.075
HF+LF/VLF 0.010 0.890 0.002
nHF= HF/TP-VLF 0.799 0.027 0.030
nLF= LE/TP-VLF 0.594 0.014 0.138
nhf=HEF/HF+LF 0.980 0.013 0.042
nlf=LF/HF+LF 0.980 0.013 0.042
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Table 5. Correlation between inflaimmatory markers and HRV parameters in HIV, measles, and SARS-
CoV-2 patients
HIV Measles SARS-CoV-2
Fibrinogen | CRP | Fibrinogen | CRP | Fibrinogen | CRP
SDNN r -0.598 0.266 0.147 0.156 -0.358 0.300
p 0.118 0.524 0.706 0.688 0.383 0.470
MSSD T 0.732 0.463 -0.085 0.343 0.374 0.149
r p 0.039 0.248 0.827 0.366 0.362 0.724
R T -0.335 -0.002 0.160 0.122 -0.148 0.278
p 0.418 0.996 0.681 0.755 0.726 0.504
HE r 0.628 0.342 0.221 0.195 0.177 0.193
p 0.096 0.407 0.567 0.614 0.674 0.646
LF r 0.339 -0.099 0.137 0.151 0.146 0.422
p 0.412 0.815 0.726 0.698 0.731 0.298
VLF T 0.253 0.649 0.121 0.069 -0.098 0.049
p 0.546 0.081 0.757 0.860 0.817 0.909
LE/HF T 0.767 0.955 0.793 0.576 0.163 0.497
p 0.026 <0.001 0.011 0.104 0.701 0.210
ULE T 0.085 0.286 0.278 0.387 -0.003 0.682
p 0.841 0.492 0.469 0.304 0.994 0.062
r 0.207 0.558 0.015 0.215 -0.087 0.213
VLF+ULF p 0.622 0.151 0.969 0.578 0.838 0.613
r 0.702 0.601 0.314 -0.607 0.654 -0.237
HF+LE/TP p 0.052 0.115 0.410 0.083 0.079 0.573
T 0.718 0.502 0.163 0.406 0.605 0.053
VLF/TP p 0.045 0.205 0.675 0.278 0.112 0.901
r 0.702 0.601 0.314 0.607 0.654 0.237
VLE+ULE/TP b| 0052 | 0115 | 0410 | 0083 | 0079 | 0573
r -0.689 0.371 -0.303 -0.448 0.417 -0.248
HELE/VLEPULE |- 0 050 [ 0366 | 0.428 | 0227 | 0.304 | 0.554
r 0.702 -0.601 0.273 0.414 -0.445 -0.045
HE+LE/VLF p 0.052 0.115 0.478 0.268 0.269 0.915
B T 0.682 0.834 0.722 0.669 0.453 0.642
nHF=HE/TPVLE - 270062 [ 0010 | 0.028 | 0049 | 0260 | 0.086
3 T 0.609 0.440 0.781 0.329 -0.007 0.292
nLF= LE/TPVLE 100 0276 | 0013 | 0.388 | 0986 | 0.482
_ T 0.786 -0.902 0.797 0.624 -0.186 0.493
nhf=HE/HFLE = 2 01 [ 0002 | 0010 | 0073 | 0658 | 0215
. r 0.786 0.992 0.797 0.626 0.186 0.493
nlf=LE/HEALE " 0001 [ 0002 | 0010 | 0073 | 0.658 | 0215

negative correlation with inflammatory markers,
though not statistically significant (r = -0.628, p =
0.096 for fibrinogen). Fibrinogen and CRP levels
are directly and significantly correlated with nlf
(r=0.785, p=0.021,  respectively  r=0.992,
p=0.002), and inversely correlated with nhf (r=-
0.786, p=0.021, respectively r=-0.902, p=0.002).

In the COVID-19 group, no significant

CRP, Fhg,

correlations were identified between
and HRV parameters.

Discussion

We analyzed the parameters that quantify the
parasympathetic function (HF power, tMSSD),
sympathetic function (VLF and LF power), and
sympathetic-parasympathetic  balance (SDNN,
LF/HF ratio) for each group in the time and
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spectral domains. HF power and tMSSD are
widely accepted as reliable indicators of
parasympathetic nervous system activity."” While
influenced by both branches of the autonomic
nervous system, the LF component is primarily
associated with sympathetic activity."**® The
LE/HF ratio reflects the overall
sympathetic/parasympathetic balance.”’ Elevated
VLF values are also linked to increased
sympathetic output, whereas the origins of ULF
power remain unclear, with suggestions of
contributions from both autonomic branches.
SDNN is affected by both sympathetic and
parasympathetic  modulation, demonstrating
strong correlations with TP and its spectral
components, except for HF power.'®

We also expressed HF and LF in relative
values, as the relative proportion of HF and LF
bands in the TP of the power spectral domain,
referred to as nHF and nLF, respectively. Some
authors calculate the relative values of LF and HF
using TP-VLF as the denominator, while others
use HF+LF as the denominator."*"” Thus, we
obtain two results for both LF and HF,
represented by the two formulas: nLF = LE/TP-
VLF and nlf = LE/HF+LF, as well as nHF =
HF/TP-VLF and nhf = HE/HF+LF.

The differences of HRV parameters
between the viral groups. SDNN and rMSSD
exhibited the highest values in COVID-19
patients, while showing the lowest values (lower
than in the control group) in those with HIV and
measles. TP, LF, HF, VLF, and the combined
VLF+ULF reached their peak values among
COVID-19 patients, whereas these metrics were
consistently lower in individuals with HIV and
measles, often falling below the control group
values.

The LE/HF ratio was lowest in COVID-19
patients, with a significant difference only when
compared to those with measles. COVID-19
patients presented the lowest nLF and nlf values,
while demonstrating the highest nHF and nhf
values. These differences were statistically
significant compared to measles and HIV. All
these findings suggest a higher adaptability and
greater parasympathetic tone in patients with
mild to moderate COVID-19, alongside a higher
sympathetic tone and/or reduced

parasympathetic tone in patients with HIV or
mild to moderate measles infection.

Our results align with other studies,
indicating a dual effect on HRV based on the
severity of respiratory manifestations in COVID-
19 patients. Some authors observed an increase
in VLF power in severely ill COVID-19 patients
and a decrease in the VLF power band in cases of
mild disease.” Additionally, some researchers
found that SDNN and tMSSD were higher in
COVID-19 patients compared to those without
the virus, with all results suggesting an elevated
parasympathetic tone in COVID-19 patients.”
Notably, one study found that an SDNN of less
than 70 ms was associated with a higher mortality
rate in patients with severe respiratory forms of
COVID-19.%

In HIV patients, we observed the lowest
levels of SDNN and tMSDD, indicating a higher
sympathetic tone and an increased risk of cardiac
events and mortality in this group. Some studies
have found reductions in SDNN, HF, and LF in
HIV patients, suggesting dysfunction in the
parasympathetic and sympathetic nervous systems
among people living with HIV."” Mittal et al.
suggest that HRV is diminished in individuals
living with HIV, even in the absence of clinical
evidence of autonomic dysfunction.*

Regarding derived ratios, HIV patients
exhibited the lowest HF+LEF/VLF values,
significantly differing from both measles and
COVID-19 patients. Similarly, HF+LE/TP was
lowest in HIV patients and significantly lower
than in the COVID-19 cohort. In contrast, HIV
patients showed the highest VLF+ULF/TP and
VLE/TP ratios, with significant differences
compared to COVID-19 patients. In HIV
patients, the LF/HF ratio, which reflects
sympatho-vagal  balance, was significantly
elevated, suggesting increased sympathetic activity
and/or reduced parasympathetic function
modulation.

HRYV parameters in measles infection showed
no variation compared to controls; however,
these findings should be interpreted considering
the higher mean age and greater number of
comorbidities in the control group compared to
those with measles. Riabokon et al. demonstrated
that adult patients with measles exhibit a
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functional state of the autonomic nervous system
(ANS) characterized by a decrease in HRV
parameters, signifying a shift towards increased
sympathetic tone compared to healthy individuals
(P < 0.01). Furthermore, in patients with a
complicated course of measles, the parameters
SDNN, TP, and VLF were lower (P < 0.05), while
nLF was higher (P < 0.05) than in patients
without complications from this infection.?
HRV  parameters and inflammatory
markers in the analyzed subgroups. In our study
group of COVID-19 patients, we found no
significant correlations between the inflaimmatory
markers (CRP and fibrinogen) and HRV
parameters, suggesting a more stable autonomic
system response, at least in mild to moderate
cases of the disease. In the research by
Komaenthammasophon et al., HRV parameters
were lower in patients who died from COVID-19
pneumonia compared to survivors. Consistent
with our findings, the authors noted that the
group with lower SDNN had higher levels of
inflammatory markers than the group with higher
SDNN.” The linear regression analysis revealed
significant associations between inflammatory
markers and HRV parameters in HIV patients,
highlighting the impact of systemic inflammation
on autonomic regulation. This suggests that
increased fibrinogen levels are linked to a
reduction in parasympathetic activity, reflected by
lower rMSSD, indicating impaired wvagal
modulation of heart rate. Similarly, the LF/HF
ratio, an indicator of sympathovagal balance, was
significantly correlated with higher values of CRP
but not with the serum fibrinogen. The positive
association between CRP and LF/HF suggests a
shift towards sympathetic dominance, likely
driven by systemic inflammation. Fibrinogen
showed a significant positive relationship with
the VLE/TP ratio, indicating an association
between systemic inflammation and alterations in
VLF autonomic rhythms, a marker of
sympathetic activity. CRP also exhibited a
significant negative association with nHF, further
supporting the hypothesis that increased
inflaimmation contributes to a suppression of
parasympathetic activity/increase in sympathetic
tone. Moreover, nHF was significantly reduced,
while nLF was increased in patients with higher

fibrinogen and CRP levels, further supporting a
shift toward increased sympathetic dominance.
These  findings  indicate  that
inflammation in HIV patients is associated with a
dysregulated autonomic response, characterized
by increased sympathetic activity and reduced
parasympathetic modulation.

In the measles group, we observed a
significant correlation between fibrinogen levels
and the LF/HF ratio, indicating a higher
sympathetic tone and an inflammation-related
autonomic imbalance. Moreover, the nHF
parameter demonstrated a significant inverse
association with CRP and fibrinogen levels,
suggesting an inverse relationship between
inflaimmation and parasympathetic  activity.
Meanwhile, nLF displayed a direct correlation
with fibrinogen levels, pointing to a trend toward
sympathetic predominance.

The small sample size due to logistical
challenges, such as the difficult recording of HRV
in isolated COVID-19 patients and the limited
number of hospitalized measles patients, affects
the statistical significance of the analyzed results.
The main limitations of our pilot study are as
follows: first, the small sample size and the
heterogeneity of the studied groups, which were
not matched by sex or age; second, we only
analyzed three ARN viral infections; third, we did
not include data related to associated pathologies
that may influence the evolution of HRV
parameters and their analysis. Additionally, the
absence of follow-up on the recovery of HRV
after the acute episode is another limiting factor.

systemic

Conclusions

We observed a concordance across all the
groups studied between the time domain
parameters (SDNN, rMSSD) and the spectral
parameter (HF) that assess the parasympathetic
nervous system. Our study showed a significant
decrease in HRV parameters in measles and HIV
patients  indicating a reduced autonomic
flexibility and a shift toward sympathetic
dominance. There was a more stable autonomic
response in mild-moderate COVID-19 forms.
SDNN and rMSSD values were more significant
in COVID-19 patients with mild to moderate
respiratory symptoms, indicating that these
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patients had enhanced vagal modulation. A
correlation between inflaimmation and markers
of sympathetic dominance was found in patients
with measles and HIV but not in COVID-19.
The linear regression analysis revealed significant
associations between inflammatory markers and
HRV parameters in HIV patients, where
increased fibrinogen levels correlate with a
reduction in parasympathetic activity, and CRP
levels correlate with an increase in sympathetic
dominance and a decrease in parasympathetic
tone. In measles, fibrinogen levels are correlated
with an increase in sympathetic tone. New studies
could provide valuable insight regarding the
subtle relation between inflammation and the
autonomous nervous system, including the effect
of various viral infections on HRV parameters.
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