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Association between maximal aerobic capacity

and heart rate variability
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Abstract. Relevance. Cardiovascular status could be assessed by maximal aerobic capacity (VO,max) through direct analysis
of the gases involved in pulmonary ventilation and monitoring fluctuations in intervals between beats over time as heart rate
variability. The aim of the study was to investigate the relationship between VO,max and heart rate variability in young adults.
Materials and Methods. A total of 100 young adults between the ages of 18 and 25 were included in observational study, who
did not engage in any strenuous physical activity, 50 of whom were male and 50 of whom were female.There were measured
Heart rate variability in the frequency domain; LF, HF, LF/HF, and time domain; SDNN, RMSSD, pNN 50, and VO, max were
assessed using a treadmill test according to Graded Exercise Protocol. Results and Discussion. There was weak positive correlation
of VO,max with LF (r=0.177) and weak negative correlation with HF (r= —0.141). Male participants had a weak negative
relationship between ,, max and LF (r=-0.075), whereas female respondents had a weak positive relationship(r =0.286). There
was weak negative correlation of VO, max with LF/HF ratio for male subjects but weak positive correlation (r=-0.101) for
female subjects. For male and female participants, there was a weak negative association of VO,max with SDNN (r=-0.170)
and (r=—0.301), respectively. Male and female participants had a weak negative association of VO, max with RMSSD, with
(r=-0.154) and (r= —0.284) respectively. Male and female participants had a slight negative association of VO, max with pNN 50,
with (r=-0.062) and (r=—0.441) respectively. Conclusion. Significant variations were found in the time domain and frequency
domain indices including HF and LE/HF ratio which represents the balance between sympathetic and parasympathetic responses.

Key words: frequency domain, graded exercise protocol, heart rate variability, time domain, VO,max
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Introduction

Cardio-respiratory fitness (CRF), also known
as maximal aerobic capacity (VO,max) refers to the
maximum rate at which the body can take in and
utilize oxygen during exercise or the capacity of
cardiovascular and respiratory systems to exercise
for a longer duration [1]. To assess fitness levels
and monitor intervention effects, VO,max, serve as
a standard for determining cardiorespiratory fitness,
as well as understanding the process of exercise
tolerance and performance [2]. The body must boost
its delivery and usage of oxygen to fuel the working
muscles to do physical work or exercise [3]. VO,
max can be determined using direct and indirect
approaches. The most common are walking/running
tests, followed by cycling and step tests [4]. By using
direct method VO,max can directly be measured by
analyzing the gases involved in ventilation during
exercise but indirect techniques assess a person’s aerobic
capacity based on their heart rate, distance traveled, and/
or time of trial while utilizing a specific protocol [5].

Measuring heart rate variability (HRV) to
quantify cardiac autonomic activity can provide
sensitive, quantitative, and non-invasive assessment
and prognostic information in clinical populations [6].
HRYV is typically calculated using the intervals
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between the observed QRS-reference points, also
known as the R-R intervals. Because heart rate and
variability are time series phenomena, time series
analytic techniques may be applied. HR variability
can be measured using both time and frequency
domain parameters. When it comes to frequency-
domain measurements HRV may be separated into
its component ULF, VLF, LF, and HF rhythms [7].
Circadian rhythms might be the major driving force
behind the ULF band. Very low-frequency powers
are strongly correlated with the SDNN time-domain
measure. The original LF/HF ratio was predicated on
the fact that both PNS and SNS activity contributes to
LF power, whereas PNS activity contributes largely
to HF power. The goal was to calculate the ratio
of SNS to PNS activity [8]. LF band region was
originally known as the baroreceptor range because
it mostly reflects baroreceptor activity while resting
[9]. The HF band also known as the respiratory band
represents parasympathetic activity associated to
the HR fluctuations during breathing [10]. The
pNN 50 and RMSSD time-domain measurements are
substantially linked with high-frequency power [11].

A review of the literature highlighted limited
evidence for the relationship between maximal aerobic
capacity and heart rate variability, and more research
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into the full range of HRV parameters is required, as
most of the study focussed on heart rate itself [12].
In previous studies to measure maximal aerobic
capacity, the indirect method was used more due to
its simpler, faster, and safer approach [13]. Despite the
complexity associated with the direct method, still, the
gas analyzer measures VO,max more accurately and
reliably [14]. Hence, this study was designed to find
the relationship between maximal aerobic capacity and
HRV by the direct method of a gas analyzer and a wide
range of parameters in both the time and frequency
domain for HRV.

Materials and methods

This observational study was done at the research
laboratory of the department of physiology at the RUHS
College of Medical Sciences in Jaipur, Rajasthan, from
December 2020 to May 2021. Prior to starting the
study institutional ethical committee clearance (EC/
P-31/2020) was taken. After ensuring an appropriate
description of the process to be followed during the
study, all participants provided their informed consent.
By convenience sampling, 100 healthy young adults
were recruited in total for the study by the method of
convenience sampling.

A total of 100 young adults between the ages of
18 and 25 were included who did not engage in any
strenuous physical activity, 50 of whom were male and
50 of whom were female.

Subjects with a recent hospitalization history,
smokers, alcoholics, people with high blood pressure,
diabetes, psychological disorders, cardiac diseases,
people associated with respiratory diseases like
asthma, COPD, pneumothorax, and infections of the
respiratory tract, people associated with musculoskeletal
diseases, and person who takes medications which
impacts cardiovascular system were all excluded from
participating.

All participants’ basic demographic data, such
as height, weight, gender, and age, were collected.
Before the exercise stress test, subjects were allowed
to lie down for 5 minutes in the supine position
on a couch. ECG leads were connected from the
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subject to the bio amp (using the leads provided
in the bio-Amp connected to hardware). The basal
lying down the heart rate of the subject was noted.
The standard deviation of all RR intervals (SDRR),
a measure of overall HRV, root mean square of
consecutive RR interval differences (RMSSD), a
measure of parasympathetic activity, and pNN 50, a
measure of HRV in the time domain, are the variables
employed in the analysis [15]. Additionally, HRV was
evaluated in the frequency domain by calculating
high-frequency power (HF 0.15—0.40 Hz),
which represents parasympathetic modulation,
low-frequency power (LF 0.04—0.15 Hz), which
represents sympathetic modulation, and LF/HF, which
determines the equilibrium between sympathetic and
parasympathetic nervous system activity [16].

All individuals were told to fast the night before
the test and stop working out for 48 hours. For the
previous 24 hours, they were asked to refrain from
drinking alcohol, smoking, or taking caffeine. After
arriving in the lab, subjects were advised to relax for
around 30 minutes before being made to wear a mask
that enabled only them to breathe in and out. With the
aid of a connecting pipe and a gas mixing chamber,
the mask was linked to the gas analyzer. The subjects
were told to reach their maximum capacity while the
treadmill speed and intensity were increased gradually
according to the Graded exercise protocol, which
includes a warm-up at 0 % elevation for 3 minutes, and
then the subject was told to walk at a speed (between
4.3 and 7.5 mph) of self-selected, for 3 minutes at
the same incline. The treadmill inclination was then
increased by 2.5 % every minute with a constant self-
selected speed until the subject reached a heart rate
(HR) of approx. 180 beats per minute or became too
fatigued to terminate the exercise [17]. A monitor
screen is connected to the equipment used during the
procedure, and every 10 seconds it updates the volume
of oxygen (VO,).

Statistical analysis.The study’s findings are reported
as mean + S.D. VO, max and HRV data were compared
using a student t-test. SPSS version 16.0 (Chicago, Inc.,
USA) was used for the analysis, with a significance
level of p-value set at 0.05.
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Results and discussion

This observational study was conducted in the
department of physiology, RUHS College of medical
sciences, Jaipur on 100 apparently healthy students (50
male and 50 female) of 18—25 years of age who were
recruited by convenience sampling.

Mean age of 21.03 +2. 5 years, a height of
1.6 + 0.08 m, a weight of 59.66+11.15 kg, a BMI
of 22.08 £ 3, 75kg/m? was found for total subjects.
Statistically, a significant difference was found between

the height of males and females having a mean height of
1.69 £ 0.06 m, and 1.58 + 0.06 m respectively. Similarly,
a statistically significant difference was found between
the weight having a mean of 62.52+9.52 kg and
56.80+ 11.6 kg for male and female subjects respectively
mentioned in table 1.

Table 2 represents distribution of total subjects
according to GPAQ, VO, max. Mean+S.D. of GPAQ
Score was 1588.6 £ 747.10 MET per week, while
mean+S.D. of VO, max was 41.58 £9.02 mL/kg/min.

Table 1
Distribution of 50 male and 50 female subjects according to demographic parameters
N2 Parameters Male Subjects Female Subjects p-value
(n= 50) (n=50)
mean +S.D. mean +S.D
1. Age (years) 20.82+2.46 21.2+2.43 0.219
2. Height (m) 1.69+0.06 1.58+£0.06 0.00001
3. Weight (kg) 62.52£9.52 56.80+11.64 0.004
4. BMI (kg/m?) 21.57 £3.06 22.59+43 0.870
Note: the result is significant at p < 0.05.
Table 2
Distribution of total subjects according to GPAQ, VO, max
Ne Parameters Total Subjects (n = 100)
mean +S.D.
1. GPAQ score (MET per week) 1588.61747.10
2. VO, max (mL/kg/min) 41.5849.02

Note: GPAQ — global physical activity questionnnaire, VO,max — maximum oxygen consumption.

Table 3 represents the distribution of GPAQ score
and VO2max. statistically, a significant difference
was there for GPAQ Score having Mean £ S.D.
1754+820.93 (MET) and 1347.4+577.10 (MET) for
male and female subjects respectively, which was found
to be. Similarly, a statistically significant difference
was found for maximal aerobic capacity having
Mean+S.D. of VO, max 45.69+8.57 mL/kg/min and
37.47+7.50 mL/kg/min for male and female subjects
respectively.
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Table 4 represents the distribution of different Heart
Rate Variability parameters in 50 male and 50 female
subjects. LF: mean+S.D. of LF was 55.54+21.49 nu for
male subjects and 45.92+18.75 nu for female subjects.
HF: mean+S.D. of HF was 40.70+19.37 nu for male
subjects and 49.68+17.59 nu for female subjects. LE/HF:
mean+S.D. of LF/HF was 2.20+2.15 for male subjects
and 1.24+1.04 for female subjects. SDNN: mean+S.D.
of SDNN was 60.95+39.23 ms for male subjects
and 62.63+40.78 ms for female subjects. RMSSD:
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mean +S.D. of RMSSD was 56.22+55.06 ms for male
subjects and 62.05+59.19 ms for female subjects.
pNN50: mean+S.D. of pNN 50 was 16.08+18.81 %
for male subjects and 20.03+ 17 % for female subjects.

LF: low frequency, HF: high frequency, SDNN:
standard deviation of all NN intervals, RMSSD: square
root of the root mean square of sum of all differences
between NN intervals, pNN 50: percentage of successive
intervals that differ by more than 50ms.

Table 5 represents correlation of maximal aerobic
capacity (VO,max) with heart rate variability. There
was weak positive correlation (r =0.177) of VO,
max with LF and the association was not statistically

significant. There was weak negative correlation
(r =-0.141) of VO, max with HF and the association
was not statistically significant. There was weak positive
correlation (r =0.135) of VO, max with LF/HF ratio and
the association was not statistically significant. There
was weak negative correlation (r = —0.215) of VO,
max with SDNN and the association was statistically
significant. There was weak negative correlation of
VO, max with RMSSD (r =-0.215) and the association
was statistically significant. There was weak negative
correlation of VO, max with pNN 50 (r = -0.253) and
the association was statistically significant.

Table 3
Distribution of 50 male and 50 female subjects according to GPAQ, VO,max
N2 Parameters Male Subjects Female Subjects p-value
(n=50) (n=50)
mean + S.D. mean+S.D.
1. GPAQ score (MET) 1754 £ 820.93 1347.4+577.10 0.002
2. VO,max (mL/kg/min) 45.69 +8.57 37.47+7.50 0.00001

Note: GPAQ: global physical activity questionnnaire, VO, max: maximum oxygen consumption; the result is significant at p< 0.05

Distribution of male and female subjects according to Heart Rate Variability parameters (LF, HF, LF/HF, SDNN, RMSSD, pNN 50)Table ‘
N2 HRV parameters Male Subjects Female Subjects p — value
(n=50) (n=50)
Mean + S.D Mean = S.D.
LF (nu) 55.54+21.49 45.92+18.75 0.009
HF (nu) 40.70£19.37 49.68+17.59 0.010
LF/HF 2.20+2.15 1.24+1.04 0.002
SDNN (ms) 60.95+39.23 62.63+40.78 0.417
RMSSD (ms) 56.22+55.06 62.05+£59.19 0.305
pNN 50 (%) 16.08+18.81 20.03+17 0.136

PHYSIOLOGY

Note: The result is significant at p < 0.05.
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Table 5

Correlation of VO, max with heart rate variability parameters in total subjects

N2 VO, max with Heart rate variability parameters Total subjects (n = 100)
r- value p- value

1. VO, max and LF (nu) 0.177 0.078
2. VO, max and HF (nu) -0.141 0.161
3. VO, max and LF/HF 0.135 0.180
4. VO, max and SDNN (ms) -0.215 0.031
5. VO, max and RMSSD (ms) -0.215 0.031
6. VO, max and pNN 50 (%) -0.253 0.011

Note: The result is significant at p < 0.05.

VO, max: maximum oxygen consumption, LF:
low frequency, HF: high frequency, SDNN: standard
deviation of all NN intervals, RMSSD: square root of
the root mean square of sum of all differences between
NN intervals, pNN 50: percentage of successive intervals
that differ by more than 50ms. Table 6 represents
correlation of maximal aerobic capacity (VO,max)
with heart rate variability in male and female subjects.

The present observational study was done to assess
the correlation of maximal aerobic capacity (VO,max)
with HRV (Heart rate variability) in young adults.
This study was done at the research laboratory of the
department of Physiology, RUHS College of medical
sciences, Jaipur. 100 medical students between the ages

of 18 and 25 who were evaluated as part of the study
included 50 male and 50 female students.

In the present study, higher values of maximal
aerobic capacity (VO,max) was found in males than
females which were similar to the findings of a study
conducted by Loe H. et al [18]. Muscle is the main
consumer of oxygen during physical activity. Men have
more muscle mass than women, which contributes to
their greater absolute VO, max. These differences are
due to central oxygen supply restrictions caused by
low cardiac output value as a result of small amount of
stroke volumes and lower capacity of oxygen transport.
Because of low hemoglobin levels, capacity for oxygen
transport in women is decreased [19].

Correlation of VO, max with heart rate variability parameters in male and female subjects Table 6
Ne Vo, _rna?(_with Heart rate Male (n = 50) Female (n = 50)
variability parameters
r-value p- value r-value p-value
1. VO, max and LF (nu) -0.075 0.604 0.286 0.044
2 VO, max and HF (nu) 0.128 0.373 -0.245 0.086
3 VO, max and LF/HF -0.101 0.485 0.272 0.056
4. VO, max and SDNN (ms) -0.170 0.237 -0.301 0.033
5 VO, max and rMSSD (ms) -0.154 0.285 -0.284 0.045
6. VO, max and pNN 50 (%) -0.062 0.668 -0.441 0.001

Note: The result is significant at p < 0.05.
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In this present study, heart rate variability was
assessed for the frequency domain and time domain.
In the case of the frequency domain, the mean LF value
was higher in males than in females, which is similar
to other several studies done by Sammito et al [20],
and Dantas et al [21] who believed that sympathetic
responses are higher in males than females. Mean
HF was higher in females than males, which shows a
higher parasympathetic response in females than males.
Additionally, for both genders, there were significant
gender differences for the normalized frequency
domain indices and for the LF/HF ratio which describe
the balance between the two arms (sympathetic and
parasympathetic) of the cardiac autonomic control
system as observed by Grant et al [22].

In the present study, heart rate variability was also
assessed in the time domain in which mean SDNN
which represents autonomic balance was higher for
females than males. It is the standard deviation of the
NN interval (SDNN), i.e. the square root of variance.
SDNN reflects all the cyclic components responsible
for variability in the period of recording. Mean RMSSD
and mean pNN 50 for females were higher than for male
subjects. RMSSD and pNN 50 reflect parasympathetic
responses in the time domain, demonstrating that
female subjects exhibited a stronger parasympathetic
response than male subjects. In our study mean values
for time domain parameters for SDNN, RMSSD and
pNN 50 were found to be higher than the similar studies
conducted by Grossman P. et al, Voss A. et al [23, 24].
According to a study by Geovanini et al, male subject
mean RMSSD was lower, but their mean pNN 50 for
males was similar to the present study [25].

In the present study, maximal aerobic capacity
(VO,max) was correlated with heart rate variability
parameters. There was weak positive correlation
of VO, max with LF (r=0.177) and weak negative
correlation with HF (r= -0.141). In the study
conducted by Yamamoto et al there was a higher HF
and lower LF component after physical exercise,
which shows endurance-trained subjects have
stronger parasympathetic activity than their untrained
counterparts after mild and moderate exercise [26].

PHYSIOLOGY

Male participants had a weak negative relationship
between VO, max and LF (r=-0.075), whereas female
respondents had a weak positive relationship between
VO, max and LF (r =0.286). This could be because LF
power has a parasympathetic component in addition to
being a sign of sympathetic impact. There was weak
positive correlation of VO, max with HF (r =0.128) for
male subjects but weak negative correlation of VO, max
with HF (r=-0.245) for female subjects. This may be
due to the effect of higher physical activity for males
than females There was weak negative correlation
of VO, max with LF/HF ratio for male subjects but
weak positive correlation of VO, max with LE/HF ratio
(r=-0.101) for female subjects. The balance between
the sympathetic and parasympathetic branches of the
ANS that LE/HF depicts may be the cause of this. These
HRYV findings are consistent with research Gilder et
al [27], which shows that consistent exercise (greater
VO, max) benefits the resting ANS by reducing the
sympathetic effect on the heart and boosting the
parasympathetic influence.

For male and female participants, there was a
weak negative association of VO,max with SDNN
(r=-0.170) and (r=-0.301), respectively. Male and
female participants had a weak negative association of
VO, max with RMSSD, with (r=-0.154) and (r=-0.284)
respectively. Male and female participants had a slight
negative association of VO, max with pNN 50, with
(r=-0.062) and (r=—0.441) respectively. Nakamura et
al in their study observed that PNS activity withdrawal
occurs primarily up to a moderate level of exercise.
Whereas SNS activity predominates during moderate to
heavy exercise [28]. In our study VO, max represented
moderate to severe level of exercise so SNS dominance
was seen in HRV parameters.

Limitations

Small sample size and only a healthy young adult
population were included in the study. More research
into the wide range of HRV parameters, various exercise
protocols, and other physiological parameters including
VO,max in MET, REE, and tidal volume, may be
needed.
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Conclusion

By the assessment of heart rate variability,
significant variations were found in the frequency
domain indices including HF and LF/HF ratio which
represents the balance between sympathetic and
parasympathetic responses but in the case of time
domain indices, sympathetic responses were found
more in males and parasympathetic responses were
more in females. There was a weak positive correlation
between VO, max and heart rate variability measures
in the frequency domain of study participants, namely
LF and LF/HF, but a weak negative correlation between
VO,max and HF. A weak negative correlation was
seen between VO, max and the time domain heart rate
variability parameters SDNN, RMSSD, and pNN 50.
Research on a large population with a wider range of
age of people is advised for the validity of results.
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CefA3b MeXAy MaKCUMaJZibHON a3pPO6HOMN CNOCOBHOCTbIO
M BapuabenbHOCTbIO CepAEeYHOro purma

P. Llanumn “ =, C. Kakep, P.Tynta “, A. Pao

RUHS Konnemk MeAUIIMHCKUX HayK, 2. [Jcatinyp, PadxcacmxaH, UHOus
< sainiravi414@gmail.com

AnHoTanuaA. AkmyaabHocmb. CepAeqHO-COCYAUCTBIN CTaTyC MOXXHO OLIeHUTB 110 MaKCUMaJTbHOM a3pobHoi emkoctr (VO’max)
MyTeM TPSIMOrO aHa/I|3a ra30B, YYaCTBYIOIUX B JIETOYHOW BEHTWISLUM U HaOJTIOeHUs 3a KoJieOaHUSIMU MHTEPBaIOB MeXY
COKpAIlleHUSIMU BO BpeMeHU Kak BapHabe/lbHOCTBIO Cep/leuyHoro putMa. Llenbto ncciiejoBaHust ObLIO U3yueHre B3auMOCBSI31
mexay VO,max v Bapuabe/lbHOCTBIO Cep/IeYHOro PUTMa y MOJIOABIX /iofei. Mamepuasnbi u memoodbl. B o6cepBaljoHHOe
uccenoBaHue 66110 BKIFOueHo 100 Mo/obIX JTkfiel B Bo3pacTe OT 18 /10 25 JieT, KOTOpbie He 3aHUMa/MCh KaKOH-TH00 TsHKenon
(bu3MUeCKoH /1eATeNTbHOCTBIO, 50 13 KOTOPBIX ObLTM MY>KUMHaMK U 50 JKeHIIMHaMU. VI3Mepsiiack BaprabenbHOCTb CepIeqHOro pUTMa
B uacToTHOM obnactu; HU, BU, HY/BY u BpemenHast obnactb; SDNN, RMSSD, pNN 50 u VO, max OleHUBa/U C MOMOLIIBIO TECTa
Ha GeroBoii J0poKKe B COOTBETCTBUH C IPOTOKOJIOM MTO3TAIHBIX YIIPaKHEHUH. Pe3yabmanibl u 06cyxcoenue. OTMeueHa ciiabast
nofioxkuTe/bHas Koppensauus VO, max ¢ LF (r=0,177) u cnabas orpuiare/bHas koppessuus ¢ HF (r=-0,141). Y yyacTHUKOB
MY>KCKOTO To/1a Ob1a cnabast oTpuLiatebHas cesisb Mexxay VO, max u LF (r=-0,075), Torga KaK y pecrioH/IeHTOB KeHCKOro
nosia Geia cnabas nonoxurenpHas ceashb (r=0,286). OrpuaresnbHas koppessnus VO, max ¢ cootHomenvem LE/HF 6bina
c1aboii y My>KUmH 1 €/1aboii osiokuTensHoN Koppessiuel (r=—0,101) y >xeHIuH. [I/1s y4aCTHUKOB MY»KCKOTO U KEHCKOTO T10/1a
Habmozanace cnabas orpuiarebHas ceasb VO, max ¢ SDNN (r=-0,170) u (r=-0,301) COOTBETCTBEHHO. Y UaCTHMKH MYKCKOTO
1 JKeHCKOTO T10/1a MMeJIu c/1abyro oTpuLiaTe/ibHyto cBask VO, max ¢ RMSSD, ¢ (r=-0,154) u (r= —0,284) coOTBeTCTBEHHO.
Y y4aCTHHKOB My)KCKOI'O M JKEHCKOTO Io/1a Oblia HeGobIliasi oTpuLiaTe/ibHast cBsisb VO, max ¢ pNN50 ¢ (r=-0,062) u (r=-0,441)
COOTBETCTBEHHO. Bbig0od. 3HaunTe/IbHBIe BapHaLliy ObUTH 0OHApY>KeHbI BO BpeMEeHHO!H 1 YaCTOTHOM obnactsix, Bkitodass HF
u otHoweHue LF/HF, kotopoe npezicTaBnsier coboii 6amaHC MeXy CUMIaTideCKUMH Y ITapacHMITaTHYeCKUMU OTBETaMU.

KitroueBble €/10Ba: YaCTOTHAs 00/1aCTh, MO3TANHBINA MPOTOKO YIPaXKHEeHHI, BApHabeTbHOCTh CepAeYHOTO PUTMA, BpeMeHHast
obnacte, VO, max

HNudopmanus o puHaHCHPOBAHUH. ABTODBI He MOJyYaau GUHAHCOBOM MOJ/EPXKKH [/ UCC/Ie/IOBAHMSsI, HATUCAHUS U TTyO/Iu-
KAl TOM CTaThHU.

Bkiap aBropoB. Papu IllaiiHu — 0030p MTepaTyphl, HalMCaHWe TEKCTa, CTaTUCTHYecKass 00paboTKa JaHHbIX; Aaromun
Pao —cbop 1 obpaboTka marepuano; Cyaxaniny Kakep, Perry I'yrnita— KoHLIETILMS U AW3aliH UCCIef0BaHus. Bce aBTOPBI
BHECJ/IM 3HAUMTe/IBHBIA BK/1a/| B pa3paboTKy KOHLIEMLUH, UCCIe0BaHMS U TTOATOTOBKY PYKOITUCH, TIPOYMTAH U YTBEPANUIA

OKOHUaTe/IbHYI0 BePCHIO Tiepes] myOmMKaLyen.

HNudopmanys 0 KOHGIMKTe HHTEPecoB. ABTOPHI OOBSBI/IN, UTO HET HUKAKUX KOH(IMKTOB HHTEPECOB.
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Saini R, Kacker S, Gupta R, Rao A Bectuuk PY[TH. Cepus: Megununa. 2022. T. 26. Ne 4. C. 441—450
baarogapHoCcTH — HeNPYMEHUMO.

HNudopmupoBanHoe coryiacue Ha myonkanuio. OT NMalueHTOB ObIJIO MOMYYeHO MTMCbMEHHOE COrIacHe Ha UCC/eJOBaHUe
¥ My0O/IMKALIMI0 COOTBETCTBYIOIIEH MeJUIIMHCKOY HH(MOPMAIUK B COOTBETCTBUM C Xe/TbCUHKCKOMU feKnapaiueidd WMA — DTu-
yeCKue TPUHLIUITBI MeJULIMHCKUX UCC/IeJOBaHUM C yuacTHeM uenoBeka, 2013 1.

JTHueckoe yrBepxKaeHue. [lepes Haua0M UCC/Ie0BaHMs ObIIO TIOJTyUeHO pa3peliieHue 3Tuueckoro komurera RUHS Koniempka
(EC/P-31/2020).
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