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Abstract

Objective. To analyze peculiarities of heart rate autonomic regulation in patients with hypertension
and obstructive sleep apnea (OSA) at rest and during active orthostatic test (AOT). Design and methods.
The study involved 65 patients, average age — 53.7 = 10.1 years. The complex examination included
anthropometric parameters measurement, cardiopulmonary monitoring (CPM), and analysis of heart
rate variability (HRV) at rest and during the AOT. Results. The group 1 included 26 people with mild-to-
moderate OSA, the group 2 consisted of 39 patients with severe OSA. In group 1 sympathetic influences
on the heart rate regulation were predominant, and very low frequency (VLF) waves made a significant
contribution in the overall spectrum. Key indicators of the CPM had no effects on HRV in group 1.
In group 2, the severity of respiratory disorders directly affected the heart rate: low frequency (LF)
waves and the LF/HF index, while high frequency (HF) waves reduced along with the increase in OSA
severity. In group 1, the total capacity of the spectrum increased due to a larger contribution of LF-
waves and VLF-waves during the AOT. The LF/HF index increased during the AOT. In group 2, there
was a paradoxical increase in HF-waves, and a decrease in LF/HF index. Conclusions. The autonomic
regulation of the heart rate is disturbed in hypertensive patients with OSA. Excessive sympathetic
activation occurs as OSA severity increases, manifesting as the rise of VLF and LF-waves proportion
and being the most profound in patients with severe OSA.
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Pesrome

Heab uccie0BaHUA — MMPOAHAIN3UPOBATh OCOOCHHOCTH BETETaTHBHOMN PETyISIIHH CEPIICUHOTO
pUTMa y MalMEHTOB rUNepToHnYecKoii 6ose3nbio (I'B) ¢ pa3nuuHoi TsHKECThIO CHHAPOMA 0OCTPYK-
TUBHOTO artHO? BO Bpemst cHa (COAC) B 1oKoe U IpH MPOBEICHUH aKTUBHOM OPTOCTAaTUYECKOM MPOOBI
(OCII). Marepuasl u MeToabl. O0cienoBano 65 6opHBIX I'B, cpeanaunii Bospact — 53,7 + 10,1 roxa;
u3 HuXx — 26 uenoBek ¢ COAC nierkoit u cpeiHeli ctenenu Tsokectu (rpynna 1) u 39 yenoBek ¢ TSxKeIbIM
COAC (rpynma 2). B koMIuieke 00ciie1oBaHUS BXOIUIIO OTPEICTICHIE aHTPOIIOMETPUIECKUX ITOKa3aTe-
JIeid, mpoBeICHHE KapIuoIyTbMOHaIbHOTO MOoHUTOpUpoBanus (KIIM), ananu3 BapuabeIbHOCTH pUTMa
cepaua (BPC) B mokoe u ipu nposenenuu OCIL. Pe3yabTarsl. B rpymre | BoissBIeHO peodiaganme
CUMIIAaTUYECKUX BIUSHUMN B PETYJSLUU CEPACYHOIO PUTMA, a TAKKE 3HAUUTEIbHBIN BKJIa/ BOJIH OYEHb
Hu3koit yactoTsl (VLF — very low frequency) B o6mmmii cniektp. OcHoBHBIE TTokazarenu KIIM B aToii
rpymnmne He Bausuiy Ha nokasatenu BPC. B rpynne 2 BbpaXK€HHOCTh HapyILIEHUH AbIXaHUS BO BPEMSI CHA
PSIMO KOPpETUpoBaia ¢ YBeITMICHUEM JOIH BOJIH HU3KOM 9acToThl M koaddurmenta LF/HF, a Taxxe
CHIDKEHHEM 101 BOJIH Bbicoko# yacToTsl (HF — high frequency). [Ipu nposenennu OCII B rpymme
1 yBenmunBanach 00IIast MOIIIHOCTh CIIEKTPa 3a CUYeT OONBINEro BKJIaaa BOJH HU3KOH yacToThl (LF —
low frequency) u VLF-Bonn. Koaddumment LF/HF Boszpacran npu nposenennn OCIIL. B rpynre 2 na-
panokcanbHO yBenuuuBanach n1oisi HF-BonH B perymsanuu ceprednoro purma. Kosddunmuent LF/HF
yMeHblazics. BeiBoabl. BoIsiBIeHO HapyllleHHuE BET€TaTUBHON PETYISLIMU CEPIECUHOTO PUTMA Yy MalU-
entoB ¢ COAC. C yBennuenueM crenenu tshkectn COAC npoucxoania n30bITOYHAS CUMITATHYECKAs
aKTHUBALM, NPOSABIAIOIIAsACs yBeandeHueM 1oau VLEF u LF-BoiH B cepAedyHOM pUTME.

KiroueBble ci10Ba: CHHAPOM OOCTPYKTHBHOTO alfHO? BO BpEMs CHA, TUIIEPTOHUYECKast OOJIE3Hb,
BapuabeIbHOCTh PUTMA Cep/lia

Jns yumuposanusi: Ll{éxomoe B. B., JIyunuxosa E. A., bapnamos I1. H. Ocobennocmu eecemamugHou pe2yisiyuil cepoet-
HO20 pumma y 6ONbHBIX 2UNEPMOHUYECKOL DONE3HBIO ¢ CUHOPOMOM 0OCMPYKIMUBHO20 ANHOI 60 8pEMs CHA. Apmepuanvhas
eunepmenzus. 2016,22(1):15-22. doi: 10.18705/1607-419X-2016-22-1-15-22.
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Introduction

Obstructive sleep apnea syndrome (OSAS) is
characterized by episodes of reduction or pauses in
breathing during sleep as a result of soft-tissue
collapse at the pharyngeal level, lasting more
than 10 seconds and combined with reductions in
blood oxygen levels. OSAS prevalence rate in
males is 3—7 % and for females, 2-5% [1].
OSAS is a common comorbid disorder in patients
with various diseases such as obesity, diabetes
mellitus, coronary heart disease, arrhythmias, and
hypertension [2, 3].

Autonomic imbalance is an essential part of
OSAS. Heart rate variability (HRV) profile is
one of the easiest routine methods for assessment
of the cardiovascular effects of autonomic
regulation. A number of studies showed that
OSAS is accompanied by the predominance of
sympathetic effects on the heart rate. Besides,
the severity of autonomic imbalance is directly
related to the severity of OSAS. The researchers
mainly focused on the full-night electrocardiogram
(ECG) conducted together with polysomnography
[4, 5]. There are far less data on functioning of
the autonomic nervous system in the daytime.
Asstudy concerned with HRV research in the daytime
showed that the severity of autonomic imbalance
of the heart rate in patients with OSAS is directly
related to the severity of sleep-disordered breathing.
Moreover, HRV changes were not associated with
hypertension or heart failure [6]. Very few studies
are concerned with comparing the severity of
autonomic imbalance of the heart rate regulation in
patients with various severity of OSAS, and the
results of these studies are inconsistent.

We assumed that apnea and desaturation
episodes in the nighttime lead to the lacking
autonomic regulation of the cardiovascular system
during functional loads in the daytime.

Study objective is to analyze the characteristics
of autonomic regulation of the heart rate in
hypertensive patients with various severity of
OSAS in the daytime (at rest), as well as to assess
the adaptation in these patients during the tilt test.

Design and methods

Altogether 65 patients with hypertension
were enrolled in our study including 8 persons
(12.3%) with hypertension stage I, 8 persons

(12.3%) — with hypertension stage II and
49 persons (75.4 %) — with hypertension stage I1I;
27 females and 38 males. The average age was
53.7 £ 10.1 years. All patients complained of
snoring and/or excessive daytime sleepiness.
Exclusion criteria were: functional class 1V
(NYHA) chronic heart failure, cardiac arrhythmias
at the time of the study, cerebrovascular accident,
myocardial infarction less than 6 months before
the study, history of bronchial asthma, anemia,
malignant neoplasms, or ENT diseases.

The diagnostic procedures included physical
examination and anthropometric measurements.
Office blood pressure was measured on the brachial
artery three times with a 2-3-minute interval by
Korotkoff method. Hypertension was diagnosed
according to the National Guideline for the
Diagnosis and Treatment of Arterial Hypertension
[7]. Hypertension duration was determined based
on medical records and past history. All patients
received personalized antihypertensive therapy
that was discontinued 3 days prior to the HRV test.
Captopril was used for symptomatic therapy.

All patients underwent cardiopulmonary
monitoring (CPM) and ECG recording with
subsequent HRV analysis. CPM was carried out
using the device ResMed, ApneaLink (Germany).
This device can register respiratory flow and
oxygen saturation during sleep. It is used for
OSAS screening. The study protocol includes the
assessment of the number of apnea or hypopnea
episodes, air flow limitation, snoring, blood oxygen
saturation, Cheyne—Stokes respiration episodes
during the recording.

Apnea-hypopnea index (AHI) measures the
number of apnea or hypopnea episodes per hour
of recording. Apnea was determined as full air
flow cessation lasting more than 10 seconds.
Hypopnea is air flow reduction by more than
50% or restriction by more than 30% combined
with saturation reduction by 3 % or more, lasting
more than 10 seconds. The number of apnea
episodes per hour of recording is commonly
referred to as apnea index (Al), the number of
desaturation episodes per hour of recording —
desaturation index (DI). Both parameters can be
used for the assessment of severity of breathing
disorders during sleep.

OSAS was diagnosed according to the recom-
mendations of the American Academy of Sleep
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Table 1
GROUP CHARACTERISTICS
Parameter Mild and moderate OSAS Severe OSAS p
(n=26) n=39)
BMI, kg/m? 35.19+7.35 40.15 + 8.53 0.019
Age, years 52.73+10.9 54.38 + 8.29 0.490
Males/females, n 13/13 25/ 14 0.265
Hypertension duration, years 8.52 £6.53 10.59 + 5.61 0.182
Mean SBP, mm Hg 150.84 £21.44 148.77 £22.00 0.712
Mean DBP, mm Hg 83.28 +£12.65 8541 +13.54 0.531
AHI, episodes/hour of sleep 9.28 +7.34 54.61 £16.9 <0.001
Al, episodes/hour of sleep 4.20+£5.09 37.7+20.5 <0.001
DI, episodes/hour of sleep 13.23 + 11.66 49.39 £ 16.5 <0.001
Mean apnea duration, sec 48.14 £ 9.86 32.3+9.6 <0.001
Epworth sleepiness scale, score 6.53 +£3.99 12.76 + 6.80 0.003

Note: OSAS — obstructive sleep apnea syndrome; BMI — body mass index; SBP — systolic blood pressure; DBP —
diastolic blood pressure; AHI — apnea-hypopnea index; Al — apnea index; DI — desaturation index.

Medicine [8]. Daytime sleepiness was measured
using the Epworth sleepiness scale [9].

The HRV was assessed using the NeuroSoft
system (Russia) and its Poly-Spektr-Rhythm
software module. The examination included
ECG recording at rest (300 RR intervals) and
during an active tilt test. HRV assessment was
carried out from 11.00 a.m. to 12.00 p.m. The
patients were examined in the fasted state. After
the 10-minute rest in supine position ECG in the
standard lead I was recorded (300 RR intervals).
Then a patient was asked to stand up quickly
(orthostatic tilt test). For 6 minutes ECG was
recorded in the upright position. Then the spectral
analysis of the data was carried out. Spectrum
total power (TP) as well as very low frequency
(VLF), low frequency (LF) and high frequency
(HF) powers were assessed in absolute power
units — squared milliseconds (ms2), in relative
power units — normalized units (LFnu and HFnu)
and in percents. Vagosympathetic balance ratio
(LF/HF) was calculated.

The study was approved by the local ethics
committee. All patients signed written informed
consent.

Statistical analysis was carried out with the
use of Statistica 6.0 software. Pearson correlation
coefficient (r) was used to assess the relation
between studied parameters. To evaluate the
significance of differences, Student t-test and
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Mann—Whitney U-test for independent groups
were used. Within-subject comparisons were
carried out using the sign test. Data are presented
as M = o. Difference was considered significant
atp <0.05.

Results

Based on the data of all examinations the
patients were divided into 2 groups according
to their OSAS severity. The first group included
26 subjects with AHI not more than 30 episodes
per hour of sleep (mild and moderate OSAS),
the second group included 39 subjects with AHI
> 30 episodes per hour of sleep (severe OSAS).
Group characteristics are presented in Table 1.

All CPM parameters as well as the body
mass index in groups 1 and 2 were significantly
different. The groups were matched by age, sex
and hypertension characteristics.

Correlation analysis of CPM and HRV
parameters among all examined subjects showed
an association between the increase in humoral-
metabolic and sympathetic effects on the heart rate
and the increase of OSAS severity.

With the increase of AHI and Al the proportion
of VLF waves in the total spectrum also increased
(r =0.300, p = 0.039 and r = 0.391, p = 0.010,
respectively). The proportion of these waves
decreased as the average duration of the apnea
episode decreased (r =—0.347, p = 0.048). At the
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Table 2
CORRELATION BETWEEN THE PARAMETERS OF HEART RATE VARIABILITY
AND CARDIOPULMONARY MONITORING AT REST
LF/HF TP mc¢? LF nu HF nu
0sAs | 9585 | osas | 9545 | gsas | O5AS | ogsas | OSAS
AHL, episodes/ 0.153 | 0.427* | 0.167 |—-0.404*| 0.171 0333 | —0.171 | —0.333
hour of sleep
Al episodes/ 0.029 | 0.461* | —0.014 |—0.554*| 0.195 | 0.461* | —0.195 |—0.462*
hour of sleep
DI, episodes/ 0.638* | 0.294 0.043 0.039 | 0341 0.137 | -0341 | —0.137
hour of sleep
Minimal —0.726% | —0.129 | 0.134 | —0.098 | —-0325 | —0.115 | 0325 0.115
saturation, %
Mean apnea 0452 | —0.107 | 0344 0469 | —0347 | —0.095 | 0347 | 0.095
duration, sec

Note: LF/HF — ratio LF/HF; TP msec2 — total power spectrum, msec2; LF nu — proportion of LF waves, nu;
HF nu — proportion of HF waves, nu; OSAS — obstructive sleep apnea syndrome; AHI — apnea-hypopnea index;

Al — apnea index; DI — desaturation index; * — p < 0.05.

same time, the average duration of apnea decreased
simultaneously with the increase of OSAS severity
(r=-0.686, p <0.001).

In the patients with more severe OSAS the
CPM showed lower values of the minimal oxygen
saturation during the apnea episodes (r = —0.518,
p < 0.001). Reductions in blood oxygen levels
caused the increase of sympathetic effects on the
heart rate — an inverse correlation between the
LF/HF ratio and the minimal blood oxygen level
during the recording (r = —0.368, p = 0.015) was
found.

In group 1, the tendency for the predominance
of sympathetic effects in heart rate regulation
was observed: with DI increase, the LF/HF ratio
also increased. DI directly correlated with AHI (r=
0.911,<0.001), and that might correspond with the
severity of sleep-disordered breathing (Table 2).

No significant correlation with LFnu
and HFnu was found in this group but the
tendency for the increase of humoral effects
persisted. The VLF waves percentage increased
considerably with DI increase (r = 0.485, p =
0.026). Inverse correlation was found between

Figure. LF/HF ratio at rest and at tilt test
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? 3 / and moderate
OSAS)
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Note: OSAS — obstructive sleep apnea syndrome.
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Table 3
TOTAL POWER SPECTRUM AT REST AND AFTER TILT TEST
(INTERGROUP COMPARISON)
VLF, % LF, % HF, %
Parameter - " N
At rest Tilt test At rest Tilt test At rest Tilt test

glélisand moderate | 3 1 4 19.57/44.70 + 19.04|30.37 + 14.92[32.82 + 13.14|35.48 + 20.71[22.47 + 17.62*
Severe OSAS 42.55 +28.02(38.77 £ 25.33(23.07 £ 11.62| 22.62 + 7.11 | 34.36 + 26.80 [38.58 + 22.01*

Note: VLF, % — proportion of very low frequency waves in the total power spectrum, %; LF, % — proportion of low
frequency waves in the total power spectrum, %; HF, % — proportion of high frequency waves in the total power spectrum,

%; OSAS — obstructive sleep apnea syndrome; * — p <0.05.

Table 4

HEART RATE VARIABILITY DURING TILT TEST IN STUDIED GROUPS
(BETWEEN-GROUP COMPARISON)

Parameter Mild and moderate OSAS Severe OSAS p
LF nu 66,67 +22,65 39,94 + 16 0,001
HF nu 33,34 +£22,64 60,06 + 16 0,001
LF/HF 3,89 +4,15 1,07 £ 1,57 0,002

Note: OSAS — obstructive sleep apnea syndrome; LF nu — proportion of LF waves, nu; HF nu — proportion of HF

waves, nu; LF/HF — LF/HF ratio.

the relative VLF value and minimal saturation
(r =-0.506, p = 0.019) as well as between the
relative VLF value and average apnea episode
duration (r = —0.584, p = 0.017). Therefore, in
this group a significant impact of VLF waves
on the heart rate regulation was found, which
gives evidence of the regulation shift to the
suprasegmental humoral-metabolic level.

Main CPM parameters (AHI, Al) in this group
do not correlate with HRV values, possibly due
to mild and moderate cardiopulmonary disorders
during sleep.

In group 2 the severity of breathing disorders
was directly related to the heart rate: as AHI and
Al increased, the proportion of LF waves and
LF/HF ratio also increased whereas HF waves
decreased proportionally (Table 2).

As for the impact of VLF waves on heart
rate regulation, in this group the increase of
the proportion of humoral-metabolic effects
corresponded to the OSAS severity (for AHI —
r=0.472,p=0.017; for Al—r=0.602, p=0.003).
Triggered activity with regard to the cardiovascular
autonomic regulation seems to be specific only for
severe OSAS.
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During the tilt test in group 1 the total spectrum
power increased due to higher contribution of
low frequency and very low frequency waves.
The proportion of HF waves in absolute power
units decreased (Table 3). LF/HF ratio during the
tilt test increased (Image 1). Therefore, there is
evidence of excessive sympathetic activation of
heart rate regulation and regulation shift to the
suprasegmental humoral level in hypertensive
patients with AHI less than 30 episodes per hour
of sleep.

In group 2 the spectrum total power during the
tilt test increased several-fold. Paradoxical increase
of the proportion of high frequency waves (HF)
in the heart rate regulation was noted (Table
3). LF/HF ratio decreased (Figure). Percentage
distribution of the waves was nearly normal,
although the sympathetic activity was excessive.
Increased proportion of very low frequency
waves in the total spectrum indicates excessive
humoral-metabolic effects on the heart rate during
the functional test.

Different reactivity of the autonomic nervous
system in response to the load in patients
with various severity of OSAS is evidenced by



Original article

the data obtained by between-subject analysis
using the Mann-Whitney U-test for independent
groups (Table 4). These data support the opposite
effect of the branches of the autonomic nervous
system on HRV during the tilt test in two
groups.

Discussion

Findings of the studies concerned with HRV
assessment in OSAS are inconsistent. First of
all, they differ in their methodological approach.
ECG recordings of different length are analyzed,
both temporal and spectral parameters are used
for analysis.

HRYV is usually assessed based on 24-hour
Holter ECG monitoring or night ECG recordings
obtained during polysomnography.

The majority of studies showed the decrease of
the proportion of HF waves and increase of LF/HF
ratio in patients with OSAS compared to patients
without sleep-disordered breathing as well as in
case of the increase of OSAS severity [10, 11].

Our analysis showed no difference between
groups 1 and 2 at rest with regard to LF, HF,
VLF, and LF/HF ratio. However, the tendency
for the increase of the proportion of LF waves,
decrease of the platelet count and the proportion
of HF waves in the total spectrum was observed
with the increase in AHI. Previous studies showed
similar results [10, 11].

A number of authors also noted the increase
of VLF and HF waves proportion in the total
spectrum [12, 13], which was considered to be
due to the apparent sleep-related respiratory
arrhythmia in patients with OSAS. We assume
that such changes in heart rate regulation persist
during waking hours.

V.M. Mikhailov et all studied the reactivity
of the autonomic nervous system in hypertensive
patients. According to his findings, hypertensive
patients with left ventricular hypertrophy, during
the tilt test showed an increase in the activity
of humoral-metabolic effects on the heart rate
(increase of VLF waves proportion). At the same
time the response of the sympathetic system was
weaker. Our results in the group of patients with
mild and moderate OSAS were consistent with
these data. In these patients the effect of OSAS
on HRV might be less significant than the impact
of hypertension.

In the study by L. T. Montemurro et all (2014)
differences in the VLF component in patients
with severe OSAS were found to depend on
the severity of daytime sleepiness. The authors
consider the VLF component as a marker of
sympathetic impact on HRV, together with the
LF component [14]. The authors suggest that the
absence of daytime sleepiness in some patients with
severe OSAS is explained by the high sympathetic
activity manifested by high VLF values in this
group compared to the patients with complaints
of daytime sleepiness. In our study the increase
of VLF waves proportion in the total power
spectrum was also found in both groups.

The present study has a number of limitations.
HRYV values obtained during the recording of
short periods in the daytime are not always well
reproducible. Moreover, high variability is found in
the group of patients with originally normal ECG
and without any cardiovascular diseases. The
highest value range might be found in the VLF
spectrum (ms2). Therefore, the analysis of the VLF
component in the heart rate regulation using
the short recordings should only be conducted
with regard to the clinical data, and assumptions
about the possible genesis of these waves should
also be made with certain caution. At the same
time spectral analysis on the basis of Fourier
transformation analysis and assessment of the body
reactivity during the functional tests are as good
as impossible in a 24-hour recording [15].

Conclusions

1. Patients with hypertension combined with
OSAS demonstrate autonomic imbalance with
sympathetic hyperactivity based on the analysis
of short ECG recordings at rest and during the tilt
test at daytime.

2. With the increase in OSAS severity in
hypertensive patients, excessive sympathetic
activation takes place which is manifested in
the increase of VLF and LF waves proportions in
the heart rate.

3. In patients with hypertension the tilt test
shows oppositely directed innervation depending
on OSAS severity. In the group with mild and
moderate OSAS, excessive sympathetic regulation
of the heart rate is found. In the group with severe
OSAS, parasympathetic regulation prevails.

21



Conflict of interest
The authors declare no conflict of interest.

References

1. Punjabi NM. The epidemiology of adult obstructive
sleep apnea. Proc Am Thorac Soc. 2008;5(2):136—-143. doi:
10.1513/pats.200709-155MG

2. Khan A, Patel NK, O’Hearn DJ, Hindawi SK. Resistant
Hypertension and Obstructive Sleep Apnea. Int ] Hypertens.
2013;2013:193010. doi: 10.1155/2013/193010

3. Shchekotov VV. Sleep apnea and arterial hyper-
tension. Possibility of drug treatment. M: LAP LAMBERT
Academic Publishing, 2012. 156 p. In Russian.

4. Song M, Ha JH, Ryu SH, Yu J, Park DH. The
Effect of Aging and Severity of Sleep Apnea on Heart
Rate Variability Indices in Obstructive Sleep Apnea Syndrome.
Psychiatry Investig. 2012;9(1):65—72. doi: 10.4306/pi.2012.
9.1.65.

5. Cheng JH, Hua CC, Chen NH, Liu YC, Yu CC.
Autonomic Activity Difference during Continuous Positive
Airway Pressure Titration in Patients with Obstructive Sleep
Apnea/Hypopnea Syndrome with or without Hypertension.
Chang Gung Med J. 2011;34(4):60-70.

6. Narkiewicz K, Montano N, Cogliati C. Altered
cardiovascular variability in obstructive sleep apnea.
Circulation. 1998;98(11):1071-7.

7. Chazova IE, Boicsov SA, Nebieridze DV. Diagnosis
and treatment of arterial hypertension. In: National Clinical
Recommendation. Digest. Edited by Oreganov RG. Second
edition. M..: Siliceya-Poigrafi: 2009. 528 p. In Russian.

8. Hosselet J. Classification of sleep-disordered
breathing. J Hosselet, I Ayappa, RG Norman et al. Am J
Respir Crit Care Med. 2001;163(2):398—405.

9. Johns MW. Anew method for measuring daytime
sleepiness: the Epworth sleepiness scale. Sleep. 1991;14
(6):540-545.

10. Wiklund U, Olofsson BO, Franklin K, Blom H,
Bjerle P, Niklasson U. Autonomic cardiovascular regulation in
patients with obstructive sleep apnea: a study based on
spectral analysis of heart rate variability. Clin Physiol.
2000;20(3):234-241.

11. Aydin M, Altin R, Ozeren A, Kart L, Bilge M,
Unalacak M. Cardiac autonomic activity in obstructive
sleep apnea: time-dependent and spectral analysis of heart
rate variability using 24-hour Holter electrocardiograms. Tex
Heart Inst J. 2004;31(2):132—136.

12. Saul JP, Berger RD, Chen MH, Cohen RJ. Transfer
function analysis of autonomic regulation. Part II: Respiratory
sinus arrhythmia. Am J Physiol. 1989;256(1):153-61.

13. Khooa MCK, Blasib A. Sleep-related changes in
autonomic control in obstructive sleep apnea: a model-based
perspective. Respir Physiol Neurobiol. 2013;188(3):267-76.
doi: 10.1016/j.resp.2013.05.017

14. Montemurro LT, Floras JS, Phil D. Relationship
of Heart Rate Variability to Sleepiness in Patients with
Obstructive Sleep Apnea with and without Heart Failure. J Clin
Sleep Med. 2014;10(3):271-6. doi: 10.5664/jcsm.3526

22

Original article

15. Michailov VM. Heart rate variability: experience of
the practical application of the method. I: Ivanovo St Med
Academy. 2002. 290 p. In Russian.

Author information:

Vladimir V. Shchekotov, MD, PhD, Professor, the Chief of the
Department of Internal Medicine with the Policlinic Course at Perm
State Medical University named after academic E. A. Vagner;

Pavel N. Barlamov, MD, Professor of the Department
of Internal Medicine with the Policlinic Course at Perm State
Medical University named after academic E.A. Vagner;

Ekaterina A. Luchnikova, Post-Graduate of the Department
of Internal Medicine with the Policlinic Course at Perm State
Medical University named after academic E. A. Vagner.




