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HEART RATE VARIABILITY IN PATIENTS
WITH OBSTRUCTIVE SLEEP APNOEA SYNDROME

BapibeAbHICTH CepLIeBOro PUTMY
IIPU CUHAPOMI OOCTPYKTUBHOIO AITHOE CHY

Abstract

Purpose of the study. To assess 24-hours heart
rate variability in patients with obstructive sleep
apnea syndrome

Materials and Methods. The 143 eligible
patients with OSA were enrolled into the main
group in this study. Twenty healthy subjects
with increased body weight and without
significant chronic pathologies were included
into the control group. The mean age and gender
characteristics of the groups were similar. Each
patient underwent a clinical evaluation during
the consultation (with measurement of body
mass, height, circumference of the neck, waist
and hips), biological tests, cardio-respiratory
monitoring and Holter ECG monitoring.

Results and discussion. The average daily HR,
HR _and HR  the main group was higher in
comparisonwiththecontrol group,butthesechanges
had no significant differences (p > 0,05). The
heart rate analysis at night in patients with OSAS
revealed the presence of periodic episodes of severe
bradycardia (up to 28 beats/min ) with subsequent
episodes of tachycardia and normalization of heart
rhythm. Episodes of bradycardia/tachycardia
duringsleepinpatientswith OSAS could beexplaned
as the response of the autonomic nervous system to
periods of apnea/hypopnea. It was found that most
indicatorsin patients of the main group and control
group differed statistically significant in the HRV
analysis. Thus, SDNN and RMSSD in patients
from main group were lower than the corresponding
values in the control group (p = 0,022, p = 0,038,
respectively ). During the day the value of pNN50
did not differ significantly between the groups, but
at night this parameter decreased but was lower
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Pegepam

Mema 0docniducenna. Ouyinumu eapiabenv-
Hicmb cepyesozo pummy npomszom 000U Yy nayieH-
mie 3 cuROpoMOM 00CMPYKMUEHO20 ANHOE CHY.

Mamepianu ma memodu. O6cmesxcero 143 na-
yienmu 3 cundpomom o0cmpyYKmMuU6H020 aAnHoe
cHYy (ocHo8Ha 2pyna). Koumpoavry epyn ckaa-
au 20 ocib. Ycim yuacrurxam 0ocnidxrenns npogede-
HO 3a2aabHO-KJAIHIYHe 00cmedeHHA 3 00068’ A3K0BUM
BUMIDIOBAHHAM OKPYICHOCMI Wul, madJaii ma cme-
20H, Kapdio-pecnipamopHuii ma 00008uil MOHIMO-
pune ERT.

Pesynvmamu ma o06z060penuna. Biavwicmob
noka3nukie eapiabenvbHocmi cepye6020 pummy y
nayieHmieé 0CHOBHOL 2pYNuU MAKWMb CMAMUCUY-
HO 0ocmo8ipHY Pi3HUYK Y NOPIBHAHHI 3 NOKA3-
Hukamu koHmpoavrnoi epynu. SDNN ma RMSSD
O0yau docmosipHo HudMicye Hix 8i0Nn08i0HI NOKA3HU-
KU Yy KonmpoavwHiil epyni (p > 0,05 ). Cnocmepizanocy
namodJaoziyHe 30i1bULeHHA CNeKMPAJbHUX NOKA3HU-
kie VLF, LF, LFN sk y 0eHHUll, mak i y HiYHUL yac.
ITomyoxcHicmb cnekmpié 6UCOKUX wacmom Y OCHO-
8Hill epyni Oyaa HUXMCYa, He Qikcysanocy docmam-
Hbozo niditomy HF ma HFN y HiuHuil Yac Ha 8i0MiHY
8i0 KOHMPOJLHOL 2pYNnU.

Bucnosxu. [Ipu COAC scmanosnerno ducbanarnc
JIAQHOK GB8MOHOMHOL 6€2emamuéHOL Cucmemu, w0
NposABNA6CS 6 NAMONO2IYHOMY NiOBUUEHHI AKMUS-
Hocmi cumnamuyrnozo 8i00iny eezemamueHol Hep-
80601 cucmemu aK Yy deHv, mak i 8 Hoyi. Bcmanos-
JLeHO NPAMUIL MaA 360POMHUIL KOPEeAAULIHUIL 368 430K
iHdeKcy anHoe-zinonHoe 3 iHdexcom macu mina
(r=20,73,p < 0,05), okpyxcricmio wui (r= 0,71,
p <0,05), ma nokasHukamu SDNnght (r=-0,71,
p<0,05),LF ,  (r=0,70,p<0,05), RMSSD
(r=-0,63,p<0,05).

night
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by 40% from the control value (p = 0,007). The
maximum values during the day for SDNN and
PNNS50 in the main group were resisted at night
in comparison with the control group. There was
a pathological increase in the spectral parameters
(VLF, LF, LFN ) during the day and at night in
patients with OSAS, which indicated persistent
hypersympathicotonia during daytime and
nighttime. During the correlation analysis, a direct
correlation was established between AHI, BMI and
neck circumference (r = 0,73, p = 0,007; r = 0,71,
p=0,003, respectively). When compared with the
spectral indices of HRV, an inverse correlation
was established between the indices SDNN ., and
AHI (r=-0,71, p = 0,024 ), a positive correlation
between LF, . and AHI (r = 0,70, p = 0,011)
and the negative correlation between AHI and
RMSSDnight (r=-0,63,p=0,013).

Conclusions. It was shown that all patients
with OSAS have Imbalance between branches of
the automatic nervous system which manifest
as an pathological increase of activity of
sympathetic branch in the day, and at night as
well. A significant correlations between AHI and
BMI (r=20,73,p = 0,007 ), neck circumference
(r=0,71,p=10,003),and SDNN ., (r=-0,71,
p=0,024),LF, ,  (r=0,70,p=0,011), RMSSD
(r=-0,63,p=0,013)) were established.

Keywords: heart rate variability, obstructive
sleep apnoea syndrome, obesity.
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Knwuwosi cnoea: seapiabenrvricmb cepuegozo
pummy, cunOpom 00CMPYKMUBHO020 ANHOE CHY,
ONCUPIHHA.

Obstructive sleep apnea syndrome (OSAS) is
defined as a pathological condition in which the
patient has repeated, short-term asphyxia due
to complete or partial narrowing of the airways
during sleep, accompanied by sound snoring,
oxygen desaturation and frequent awakenings [1].

The prevalence of OSAS, according to various
authors, ranges from 1,7 to 28,0% in the general
population. The highest prevalence of OSAS
among obese people is 18-52%, patients with
cardiac pathologies (hypertension, coronary artery
disease, heart failure) — 20-40%, the elderly
(over 60 years) — 26—73% . It is believed that men
are more often to suffer from OSAS than women
(ratio 3—5 to 1 in the general population) [2].

Atthe same time, patients with OSAS suffer from
poor sleep quality, increased daytime sleepiness,
frequent depression, low quality of life, have an
increased risk of accidents. Numerous studies have
shown that OSAS is associated with an increased
risk of developing and progressing of cardiovascular
diseases, obesity, diabetes, etc. The most common
complication during apnoea episodes is arrhythmias
and sudden cardiac death associated with them [3].
A. Tilkian et al. was one of the first to report an
association between OSAS and cardiac arrhythmias
at 1976. Ventricular arrhythmias and ventricular
tachycardia were found in 67% of the patients

with OSAS examined by them. Subsequently, more
than 300 studies have been conducted to study the
relationship between OSAS and arrhythmias, but
their results still remain controversial [4]. Many
authors only support the point of view that the most
common type of arrhythmia in such patientsis cyclic
fluctuations in heart rate with frequent episodes of
bradycardia during apnoea and normalisation of
the heart rate after restoration of breathing. Such
episodes of sinus arrhythmia are registered in more
than 75% of patients. The degree of bradycardia
correlates with the degree of oxygen desaturation
during apnoea episodes. These changes driven by
changes autonomic nervous system activation, but
data of studies about the stages of activation are
also contradictory.

It is possible to characterise the state of
different branches the autonomic nervous system
in physiological and pathological conditions by
investigation of different parameters of heart rate
variability (HRV). At the present hour, it has been
reported that HRV has a high predictive value,
given the simplicity of the preliminaries.

PURPOSE OF THE STUDY

The aim of the study was to assess 24-hours
heart rate variability in patients with obstructive
sleep apnea syndrome.
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MATERIALS AND METHODS

The observational study was conducted in the
therapeutical and pulmonogical departments of
the CU “Central hospital of Komunarskyi district”
and CU “City hospital Nel” from May, 2017 to
June, 2021.

The 143 eligible patients with OSA were enrolled
into the main group in this study. Twenty healthy
subjects with increased body weight and without
significant chronic pathologies were included
into the control group. The mean age and gender
characteristics of the groups were similar.

The research was approved by the clinical
research ethics committee of SI “Zaporizhzhia
Medical Academy of Post-Graduate Education
Ministry of Health of Ukraine”. Written informed

consent was obtained from all patients. This
research was conducted in accordance with “the
1964 Helsinki Declaration.”

Exclusion criteria from the study were the
following: rejection to sign the informed consents,
patients with known cardiovascular pathologies,
respiratory pathologies, diabetes or thyroid
dysfunction, any known renal diseases, cognitive
impairment, dementia, drug and alcohol abuse,
skin diseases.

Each patient underwent a clinical evaluation
during the consultation (with measurement of
body mass, height, circumference of the neck,
waist and hips), biological tests, cardio-respiratory
monitoring and Holter ECG monitoring. The values
of BMI, waist and hips circumferences did not
differ significantly between both groups (Table 1).

Table 1
Clinical characteristics of the examined persons
IToxa3Huk M(il: ﬁz(g;p Cor::lrzlzg(;';) up p-value

Age, years 49,7+ 17,6 47,6 = 6,9 p=0,362
Man/women 80/63 11/9 -

BMI, kg - m? 31,4+1,5 28,4+ 2,2 p=0,166
The waist Circumference, cm 92,5+ 2,3 94,6 = 3,2 p=0,185
The neck circumference, cm 36,4 +1,6 32,3+1,2 p=0,106
The hip circumference, cm 93,6 = 5,3 96,4+ 2,5 p=0,093
AHI, events per hour 22,4+ 2,8 1,8+0,6 p=0,001

Cardio respiratory monitoring was conducted
for OSAS diagnosis by Somno check 2.0
(Weinmann, Germany). The apnea-hypopnea
index (AHI) was de fine das the number of apneas
and hypopneas per hour of sleep. According to
the recommendations of the American Academy
of Sleep Medicine (ICSD-3, 2014), OSAS was
diagnosed with an apnea-hypopnea index (AHI)
of more than 5 [5]. Desaturation index (DI) was
defined as the percentage of sleep time with
oxygen saturation < 90% .

Interpretation of heart rate variability
(HRV) were performed in accordance with the
recommendations of the European Society of
Cardiology. Holter ECG was performed on the
CardioSense (KHAI-Medica, Ukraine). The
program automatically calculated the mean heart
rate per day (HRmean), minimum heart rate
per day (HRmin) and maximum heart rate per
day (HRmax), absolute power of the very-low-
frequency band (VLF), peak frequency of the low-
frequency band (LF) and peak frequency of the
high-frequency band (HF), expressed as in absolute
and normalized units (LFN, HFN), their ratio
(LF/HF), as well as the total power of the spectrum
(TP), the standard deviation of RR intervals
(SDRR), percentage of successive RR intervals that
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differ by more than 50 ms (NN50), root mean square
of successive RR interval differences (RMSSD), the
average duration of the RR intervals (mRR).
Statistical analysis. The quantitative variables
wereexpressed asmeans = SD. Categorical variables
were presented as percentages. The differences
in each variable were evaluated by the Student’s
t-test for continuous variables and the y? test for
categorical variables. The relationships between
parameters were evaluated by Pearson correlation
analysis. A P-value < 0,05 was considered as an
indication statistically significant difference
between groups. Calculations were performed with
SPSS-software (Version 23.0; SPSS, Chicago, IL).

RESULTS AND DISCUSSION

The average daily HR, HRmax and HRmin the
main group was higher in comparison with the
control group, but these changes had no significant
differences (p > 0,05). The heart rate analysis at
night in patients with OSAS revealed the presence
of periodic episodes of severe bradycardia
(up to 28 beats/min.) with subsequent episodes of
tachycardia and normalization of heart rhythm.
Episodes of bradycardia/tachycardia during
sleep in patients with OSAS could beexplaned as
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the response of the autonomic nervous system to
periods of apnea/hypopnea.

It was found that most indicators in patients
of the main group and control group differed
statistically significant in the HRV analysis. Thus,
SDNN and RMSSD in patients from main group
were lower than the corresponding values in the
control group (p = 0,022, p = 0,038, respectively).
During the day the value of pNN50 did not differ
significantly between the groups, but at night
this parameter decreased but was lower by 40%
from the control value (p = 0,007). The maximum
values during the day for SDNN and pNN50 in the
main group were resisted at night in comparison

with the control group. There was a pathological
increase in the spectral parameters (VLF, LF, LFN)
during the day and at night in patients with OSAS,
which indicated persistent hypersympathicotonia
during daytime and nighttime. At the same time,
the sufficient decrease in spectral indices (VLF,
LF, LFN) at night did not occur in the main group
in comparison with HRV standards and changes in
main group (p = 0,104; p = 0,447; p = 0,187). The
power of the high frequency spectra in the main
group was lower relative to the control groups.
Also, in OSAS, a Asufficient rise in HF and HFN
was not recorded at night, in contrast to the control
group (Table 2).

Table 2
Parameters of heart rate variability in studied groups
e 43) sy prvalue
Day Night Day Night P, p,
HR, beats/min 84,1 8,9 70,4 = 14,2 78,8 +12,1 53,8 10,5 0,091 0,012
HR__, beats/min 123,8 £10,6 79,3 14,2 96,2 = 15,2 66,3 4,9 0,174 0,088
HR  ,beats/min 64,4 12,6 56,2 +11,3 56,7+9,1 49,4 10,6 0,255 0,033
mRR (msec) 988,4 += 81,4 823,2+179,3 659,3 = 78,4 615,4 + 68,6 0,003 0,137
SDNN (msec) 31,6 +11,7 44,2+11,4 52,3+13,4 45,2 +12,4 0,016 0,096
RMSSD (msec) 31,8+9,6 37,2+14,6 43,5+ 11,5 41,4+13,3 0,007 0,021
pPNN50 (%) 6,8 = 3,2 9,2+4,8 9,6 = 3,9 16,7+ 17,1 0,288 0,013
VLF (msec?) 1977,5 =£451,7 | 1810,1 +318,2 | 711,3 +316,3 | 1243,2+311,8 0,005 0,003
LF (msec?) 543,8 £52,4 468,2 = 70,2 415,2 +61,2 313,2 +59,8 0,031 0,022
LFN (%) 74,1 + 8,4 67,3 +9,1 49,2 = 7,2 38,4 = 8,2 0,018 0,007
HF (msec?) 88,1 = 14,2 131,4+13,5 228,7 = 28,7 314,2 = 28,4 0,001 0,005
HFN(%) 31,6 = 6,2 38,3 £ 8,4 23,8+ 17,4 36,4 = 7,2 0,022 0,158
LF/HF 1:5 1:4 1:2 1:1 -
TP (msec?) 1121,7+134,6 | 2018,2+145,1 | 1378,6 +113,6 | 956,7 + 128,6 0,287 0,002
During the correlation analysis, a direct irritant to the nervous system. Intermittent

correlation was established between AHI, BMI and
neck circumference (r = 0,73, p=0,007; r = 0,71,
p = 0,003, respectively). When compared with the
spectral indices of HRV, an inverse correlation was
established between the indices SDNNnight, and
AHI (r = -0,71, p = 0,024), a positive correlation
between LFnight and AHI (r = 0,70, p = 0,011)
and the negative correlation between AHI and
RMSSDnight (r =-0,63, p =0,013).

The results of the analysis of indicators of HRV
in OSAS indicate the presence of severe autonomic
imbalance, manifested by increased activity of the
sympathetic nervous system both during the day
and night and, accordingly, a pathological decrease
in activity of the parasympathetic autonomic
nervous system.

Our data are explained by the fact that
obstruction of the upper respiratory tract during
sleep and the resulting hypoxia is a powerful

hypoxia and recurrent sympathicotonia during
the night, irritation of chemo- and baroreceptors,
hyperproduction of catecholamines, endothelial
dysfunction and hemodynamic reactions can
lead to a shift in autonomic balance not only at
night but also during the day. All this leads to
the modification of the adrenergic systems of the
body [6, 7]. This primarily applies to changes in
the sensitivity of peripheral adrenergic receptors.
Thus, in several experiments it has been shown
that there is a decrease in the sensitivity of B,-
adrenergic receptors in patients with OSAS [6, 8].
In addition, an increase in serum norepinephrine
concentrations has been reported in patients with
OSAS [6, 8]. This may be one of the reasons for the
decrease in HRV during the day in OSAS. Further
differentiated determination of HRV changes at
different degrees of severity of OSAS, as well as
dynamic study of HRV on the background of OSAS
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therapy will complement the already established
pathogenetic mechanisms of development and
progression of the disease and its complications.

CONCLUSIONS

1. It was shown that all patients with OSAS
have Imbalance between branches of the automatic

nervous system which manifest as an pathological
increase of activity of sympathetic branch in the
day, and at night as well.

2. Asignificant correlationsbetween AHI and
BMI (r = 0,73, p = 0,007), neck circumference
(r=0,71,p=0,003), and SDNN _, (r=-0,71,
p=0,024),LF , (r=0,70,p=0,011), RMSSD
(r=-0,63, p=0,013)) were established.
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