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PesomMme

O6cTpyKTMBHOE anHo3 cHa (OAC) anarHocTupyeTcs y 25% B3pOC/IbIX /WL M COMPOBOXAAETCA BbICOKMMU daTasbHbIMK
PUCKaMU KapAMOBaCKY/IAPHbIX OCNOXHeHUI. TunepTpodus MUoKapaa s1eBoro xenygouka ([1XK) npusHaeTcs ogHMM
13 MapKepoB TaKMX PUCKOB. B HacTosALeM nccneA0BaHUM HaMK NMPeANpPUHATA NOMbITKa CO34aHNA MaTeMaTUYeCKON MO-
Aenv nporHosmposanua /1K cpean naumentoB ¢ OAC ¢ pa3/sIMyHOM CTeneHblo TAXecTn 3abonesaHna. MaTepuansi
M MeToAbl. B NMpoCneKT1BHOE KOrOpTHOE MCCAeA0BaHMe BKAOYEHbl 368 naumeHTos (358 Myx. Bospact 46,0 [42,0;
49,0] net) c agnarHoctuposaHHbiM OAC, apTepranbHoOi runepTeHsueil, oxupenmem I-Il crenenn (knaccudukauyus BO3,
1997). XapaKTep 1 TsKeCTb anHo3 CHa BepuULMPOBaNach B XOA4e HOYHOIN KOMMblOTEpHOW coMHorpaduu (KCT) Ha
annapaTtHoM Komniekce WatchPAT-200 (ItamarMedical, M3pauab) ¢ opurvHasibHBIM NMpoOrpaMMHbIM 06ecrneyeHrem
zzzPAT™SW ver. 5.1.77.7 (ItamarMedical, M3pannb) nyTéM perncrpauum OCHOBHbIX pecrvpaTopHbiX noavrpaduye-
CKMUX XapaKTepucTuK B nepuog 23:00 — 7:30. Dxokapaunorpadus, gonnieporpadus cepala n coCcyz0B BbIMOIHANACL
B OZHO- N [BYXMEPHOM peXmMMmax B CTaHAAPTHbIX 3XOKapAuorpadpuyeckmx nosmumax ¢ NOMOLLbIO Y/bTPa3ByKOBOro
ckaHepa Xario-200 (Toshiba, finoHus) c ucnosbzoBaHveM gatumnka yacrtortoi 3,5 Mly. FfeMogMHaMUYecKme NoKasarTenu
CUCTOIMYECKON GYHKLMK SIEBOTO XenyaouKka (ppakums Bbibpoca (PB), KoHeUHbIN cucTonyeckuii 06béM (KCO), Ko-
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HeYHbIN AMacTonmyeckuii 06bém (KAO)) onpesensanvch npy KOMYECTBEHHOMN OLLEHKe ABYXMEPHbIX SXOKapAMOrpaMMm
MoandULMpPOBaHHLIM MeToA0M Simpson. OueHKy cucTonmyeckorn GyHKUMK npaBoro xenygodka (MK) nposoauan B
«M»-pexuMe nyTéM U3MepEHN CUCTOIMYECKOM IKCKYPCHM GUBPO3HOro Ko/bLa TPUKYCNMAAAbHOrO KaanaHa (TAPSE).
PesynbTaTbl. Hannyywmmmn npeavkropamu nporHosmposanua I/1K npu pasnunyHon ctenenn taxkectn OAC cnegyet
cumntaTb ESS n TSat90% (AUC = 0,975; SD = 0,00741; AN 95% [0,953; 0,988]), NO3BOAWMX MPEANOMKNTb MPOrHOCTH-
YeCKyto Mogie/lb C YyBCTBUTENbHOCTBIO B 93,7 % 1 cneundumyHocTbio B 93,8%, Noc/ie NpoBeseHNA aHKeTHOMO CKPUHUHTa
N KOMMbIOTEPHOro COMHOrpaduyeckoro nccnegoBaHusa. BeiBoapl. lNpegnaraemas Mofenb KAMHUYECKOrO MPOrHoO3u-
poBanusa [JIXK cpean naunernToB ¢ OAC pa3/IM4YHON CTeNeHn TAXECTU OCHOBbIBAETCA Ha TLATe/IbHO CM/IaHNPOBAHHOM
aHasiM3e aHKeTHbIX N MHCTPYMEHTa/IbHbIX AaHHbIX, XOPOLLO NPMMEHUMA B YC/IOBUAX peasibHbIX ANarHOCTUYECKMX Mpo-
LieAyp WMPOKUM KPYrom Bpayeii TeparneBTUYECKOW MPaKTUKN.

KnroueBbie cnosa: 06cmpykmusHoe anHo3 CHa, 2unepmpo@us 1eB020 )KeNyd04Ka, IX0Kapouo2padus, KAUHUHECKas MO-
Oesnb npedckasaHus, WatchPAT-200, komnbtomepHas comHozpagus, KCI, ambynamopHas npakmuka
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Abstract

Obstructive sleep apnea (OSA) is diagnosed in 25% of adults and associated with high fatal risks of cardiovascular
complications. Left ventricular hypertrophy (LVH) is recognized as one of the markers of such risks. In this study, we
attempted to create a mathematical model for predicting LVH among OAS patients with various levels of disease
severity. Materials and methods. In a prospective cohort study, we included 368 patients (358 male; age 46.0 [42.0;
49.0] yr.) with diagnosed OSA, arterial hypertension, grade I-1l obesity (WHO classification 1997). The severity of sleep
apnea was verified during nighttime computed somnography (CSG) on WatchPAT-200 hardware (ItamarMedical, Israel)
with original software zzzPAT™SW ver. 5.1.77.7 (ItamarMedical, Israel) by registering the main respiratory polygraphic
characteristics from 11.00 PM to 7:30 AM. Verification of LVH was performed in one- and two-dimensional modes in
standard echocardiographic positions using Xario-200 ultrasound scanner (Toshiba, Japan) with 3.5 MHz transducer.
Hemodynamic parameters of left ventricular (LV) systolic function (EF %, ESV, EDV) were determined by quantitative
assessment of two-dimensional echocardiograms using the modified Simpson method. Evaluation of the systolic
function of the right ventricle (RV) was performed in the «M»-mode by measuring the systolic excursion of the fibrous
ring of the tricuspid valve (TAPSE). Results. ESS and TSat90% (AUC = 0.975; SD = 0.00741; Cl 95% [0.953; 0.988])
should be considered the best predictors for predicting LVH in various degrees of OSA severity, allowing us to offer a
predictive model with a sensitivity of 93.7% and specificity of 93.8%, after conducting a questionnaire screening and
computer somnographic study. Conclusions. Our proposed model of clinical prediction of LVH among patients with
various degrees of OAS is based on a carefully planned analysis of questionnaire and instrumental data, and is well
applicable in real diagnostic procedures by a wide range of therapeutic practitioners.

Key words: obstructive sleep apnea, left ventricular hypertrophy, echocardiography, clinical prediction model,
WatchPAT-200, computed somnography, outpatient practice
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AHI — apnea-hypopnea index, BMI — body mass index, BP — blood pressure, BSA — body surface area, cMRI —
cardiac magnetic resonance imaging, CPAP — continuous positive airway pressure therapy, CVC — cardiovascular
complications, DT — deceleration time, ECHO CG — cardiac echocardiography, EDV — end diastolic volume, EFT —
epicardial fat thickness, ESV — end systolic volume, GCP — good clinical practice, HbA1c — glycated hemoglobin,
HDL — high density lipoproteins, IVRT — isovolumic relaxation time, LA — left atrium, LAVI — left atrial volume
index, LDL — low density lipoproteins, LV — left ventricle, LVDD — left ventricular diastolic dysfunction, LVEF — left
ventricular ejection fraction, LVH — left ventricular hypertrophy, LVMMI — left ventricular myocardial mass index,
NPS — night polysomnography, OSA — obstructive sleep apnea, PASP — pulmonary artery systolic pressure, RAVI —
right atrial volume index, REM — rapid eye movement sleep (paradoxical sleep), STOP-BANG — questionnaire for the
markers of obstructive sleep apnea, TAPSE — tricuspid annular plane systolic excursion, URT — upper respiratory tract,

VE/VA — ratio of early to late ventricular filling velocity, WM — waist measurement

Introduction

Obstructive sleep apnea (OSA) is a heterogeneous
parasomniac disease with repeated collapses of the
upper respiratory tract (URT) during sleep; it can be
found in approximately 25% of the adult popula-
tion and is the leading cause of excessive sleepiness,
deterioration of quality of life and labor productiv-
ity, and increased risk of traffic accidents [1]. More-
over, OSA is directly associated with an increased risk
of fatal and nonfatal cardiovascular complications
(CVC) [2, 3). The typical manifestation of severe
sleep apnea is left ventricular myocardial hypertro-
phy (LVH) — increased left ventricular myocardial
mass, with its structural remodeling as a result of
overload with excessive volume/pressure. LVH in
patients with OSA should be considered as a risk
factor for coronary heart disease, chronic heart fail-
ure, cardiac rhythm disorders, myocardial infarc-
tion and stroke [4]. Twelve-lead electrocardiography
(12-lead ECG), echocardiography (ECHO-CG), and
cardiac magnetic resonance imaging (cMRI) are
considered the best methods for detecting LVH. Cur-
rently, cMRI is regarded as the “universal standard”
for studying cardiac structure [5]. However, there is
an ongoing intensive search for medical models for
predicting LVH in patients of different therapeutic
groups intended to be clearer to practitioners. Our
study aimed to identify LVH predictors regardless of
systolic blood pressure (SBP) and body mass index
(BMI) that will allow proposing a model of LVH
probability in patients with OSA of different severity.

Materials and methods

Study design. This cohort observational study
included 368 patients (358 males (97.3%), age

46.0 [42.0; 49.0] years) with confirmed obstructive
sleep apnea, arterial hypertension, obesity grade I-
IT according to the WHO classification (1997) who
signed an informed consent form. It was a single-
center prospective parallel group study with visits on
the 3rd, 6th and 12th months in order to assess the
metabolic effects of long-term CPAP therapy. The
inclusion criteria were: 1) complaints of night snor-
ing and/or respiratory failure at night and scoring
more than 3 points on the STOP-BANG scale [6]; 2)
obesity BMI > 30 kg/m? and/ or abdominal obesity
(WM > 94 cm in men, WM > 80 cm in women), and
any two of the following metabolic signs:
+ fasting plasma glucose level > 5.6 mmol/l and/or
HbA1c > 5.7%;
+ SBP > 140 mm Hg or DBP > 90 mm Hg or taking
antihypertensive drugs during the last 12 months;
* dyslipidemia with increased plasma triglycerides
> 1.7 mmol/]; high LDL level > 3.0 mmol/l or low
HDL level < 1 mmol/l for men and < 1.2 mmol/]
for women, or treatment for dyslipidemia.
Individuals with clinically significant comorbidities
and the following conditions were excluded from
the study: pregnancy and lactation; type 1 and 2 dia-
betes mellitus; syndromic forms of obesity; severe
somatic comorbidity (thyroid function abnormality,
renal and hepatic failure, decompensated heart fail-
ure, severe hemodynamic cardiac rhythm disorders,
previous myocardial infarction and stroke three
months before screening, systemic inflammatory
disease, cancer); use of systemic glucocorticosteroids
three months before screening; medical history of
mental illness and/or that detected during clinical
examination; drug and alcohol dependence; patients
with pronounced airway obstruction (FEV, < 50%),
restrictive diseases (VC < 80%), daytime arte-
rial blood saturation SpO, < 90% (FiO, = 21%).
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All patients received optimal antihypertensive and
hypolipidemic therapy, followed recommendations
on lifestyle changes, dietary intervention and devel-
oped physical activity programs. Baseline param-
eters of patients are shown in Table 1.

This study was carried out at the Department of
Phthisiology and Pulmonology of the Faculty of
Medicine of the A. I. Evdokimov Moscow State
University of Medicine and Dentistry (A. I. Evdoki-
mov MSUMD of the Russian Ministry of Health) at
the Central Union Hospital of the Russian Federa-
tion (Moscow); it met good clinical practice (GCP)

Table 1. Baseline patients’ parameters

Parameter Patients
(n=368)

Age, years 46,0 [42,0; 49,0]
Gender, (male/female, n, %) 358 (97,3)/10 (2,7)
BMI, kg/m? 33,3 31,7, 35,3]
Neck circumference, cm 44,0 [43,0; 45,0]
Waist circumference, cm 112 [106; 117]
Visceral Adiposity Index, (VAI) 3,11 [2,67; 3,62]

Systolic blood pressure (SBP), 1455 [136: 150]

mm Hg

%%sgil;rl;l(ﬁg pressure 93,0 [88; 97]
Current smokers (n, (%)) 38 (10,3)
Former smokers (n, (%)) 210 (571)
Never smoked (n, (%)) 120 (32,6)
Epworth sleepiness scale (ESS), 12,0 [9.0; 13,0]

score

Apnoea-hypopnea index
(AHI) (events/h)

Oxygen desaturation index

(ODI), (events/h)

Percentage of time with
oxygen saturation < 90%,
(TSat90), %

Total cholesterol, mmol/L
HDL, mmol/L

LDL, mmol/L
Triglycerides, mmol/L

28,9 [14,8; 54,0

18,75 [8,57; 45,28]

18,75 [8,57; 45,28

513 [4,83; 5,76]
0,95 [0,89; 1,02
3,52 [3,04; 3,97]
2,11 [1,98; 2,34]
1,31 [1,19; 1,43
25,53 [18,58; 31,05]
440,5 [420,0; 4679,0]
4,31[3,43; 5,37
84,0 [80,0; 89,0]

Apolipoprotein B, g/L
Leptin, ng/ml

Uric acid, pmol/L
HOMA-IR
Creatinine, pymol/L

Glomerular filtration rate

(GFR), ml/min/1.73m2 94,5[88,0;101,0]

standards and the principles of the Helsinki Declara-
tion and was approved by the Interacademic Ethics
Committee of A. I. Evdokimov MSUMD.

Echocardiography and Doppler ultrasound
of heart and blood vessels were performed in
M- and 2D modes in standard echocardiographic
views using the Xario 200 ultrasound scanner
(Toshiba, Japan) with a 3.5 MHz sensor. Hemo-
dynamic parameters of the LV systolic function
(ejection fraction (EF), end-systolic volume (ESV),
end-diastolic volume (EDV)) were defined by quan-
titative assessment of 2D echocardiograms using a
modified Simpson method. Left ventricular myo-
cardial mass index (LVMMI) was calculated as the
ratio of LV myocardial mass calculated by the ASE
formula to body surface area (BSA). LVMMI of more
than 115 g/m? in men and 95 g/m? in women was
considered as LVH [7]. To determine the geometry
(type) of LV (normal, concentric remodeling, con-
centric and eccentric hypertrophy), relative thickness
index (RTT) was calculated according to the formula
(2xPWTd)/EDD, where PWTd is posterior wall thick-
ness at the end of diastole and EDD is the end-dia-
stolic diameter [8]. The volume of the left atrium
(LA) was determined by the biplane formula area/
length indexed to body surface area (BSA). The right
atrium volume index (RAVI) was calculated by the
formula: RAVI = (0.85 x S2/L)/BSA, where S is the
area of LA; L is the length of LA; BSA is body surface
area [9]. The LV diastolic function was investigated
using pulsed-wave Doppler and color Doppler flow
mapping [10]. Assessment of the systolic function of
the right ventricle (RV) was performed in M-mode by
measuring tricuspid annular plane systolic excursion
(TAPSE). Epicardial fat thickness (EFT) was deter-
mined perpendicularly to the right ventricular free
wall in B mode from the parasternal position, along
the left ventricular long axis, at end systole, on the
line which most perpendicular to the aortic ring [12].

Night somnography (NSG). To detect obstruc-
tive sleep apnea, we performed night somnogra-
phy using a computer-based somnography (CSG)
method based on the technology for determining
apnea episodes and their consequences by varying
changes in peripheral arterial tone (PAT technol-
ogy) in accordance with unified rules and recom-
mendations of AASM (American Academy of Sleep
Medicine) [13, 14]. OSA was found using a Watch-
PAT-200 portable device for CSG (ItamarMedical,
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Caesarea, Israel) with original zzzPAT™SW soft-
ware ver. 5.1.77.7 (ItamarMedical, Caesarea, Israel)
by measuring the main respiratory polygraphic
parameters during the period between 11:00 p.m.
and 7:30 a.m. Sleep apnea-hypopnea index (AHI)
from 5/h to 15/h corresponded to mild OSA, from
15/h to 30/h — to moderate OSA, more than
30/h — to severe OSA. Assessment of nocturnal
desaturation ODI, mean and minimum nocturnal
saturation (Sp0O,), heart rate (HR), and sleep stages
was performed in accordance with international
recommendations [15, 16].

Statistical analysis. Statistical
performed with the Medcalc statistical software
package® ver. 19.2 (MedCalc Software, Belgium;
https://www.medcalc.org) and StatPlusmac® ver. 7

analysis  was

Table 2. Clinical characteristics OSA patients

(AnalystSoft Inc.; www.analystsoft.com/ru/). Quan-
titative data were checked for normal distribution
using the Kolmogorov-Smirnov test (with Lilliefors
correction) and D’Agostino-Pearson test. Nonpara-
metric data were presented as median (Me), upper
and lower quartile (LQ-UQ) as Me [25%; 75%]. To
develop a rule that allows estimating the probability
of an event, we used simple logistic regression (with
the determination of the predictors of the greatest
weight) and multiple logistic regression (to build
a predictive model). The quality of the obtained
model was evaluated by its sensitivity, specificity, and
the area under the ROC curve. Model quality assess-
ment was performed according to the value of the
expert logistic regression scale in accordance with
the criteria set by Hosmer DW (2000), Julkowska
MM (2019) [17, 18].

. Group A Group B Group C
Characteristics (n=102) (n=98) (n=168)
Age, years 44,0 [40,3; 50,0] 47,0 [42,0; 50,0] 46,0 [43,0; 48,0]
Gender, (male/female) 100/2 94/4 164/4

BMI, kg/m?

Neck circumference, cm

Waist circumference, cm
Visceral Adiposity Index, (VAI)
Epworth Sleepiness Scale (points)

32,1 [30,7: 34,1]
43,0 [42,0; 44,0]
106 [104; 113]
2,61(2,22;3,10]
9,0 [8,0; 12,0]

33,6 [32,4; 34,8] *
44,0 [43,0; 45,0] *
112 [108; 117] **
313 (2,84;3,49] *
12,0 [9,0; 13,0] **

34.1(32,3; 35,7) **

45,0 [44,0; 46,0] **
114 [109; 118] =

3,48 [2,87:4,08] **
12,0 [9,0; 14,0] **

Note: Quantitative data are presented as Me [25%; 75%).

Description:  *p <0.05 between group A-B; * * p <0.0001 between group A-B
*p <0.05 between group A-C; **p <0.0001 between group A-C

Table 3. Basic polygraphic parameters OSA patients

Group B
(n=98)

Group C
(n=168)

Parameter t:‘:;l(le)\
Apnea—hypopnea index (AHI), h™! 12,719,9; 14,2]
Desaturation index, (ODI), h'! 5,51(2,5; 8,7]
TSat90, % 1,710,2; 6,9]

SpO, mean, %
SpO,min, %

Night HR min, min™!
Night HR max, min™!

Sleep stages
REM, %
Light sleep, %
Deep sleep, %

94,0 [92,0; 94,8]

83,0 [79,0; 88,0]

45,5 [41,0; 50,8
100,0 [94,3; 103,0]

21,4 [19,1; 25,5]
59,6 [53,8; 63,1]
19,8 [16,6; 23,1]

25,7[21,4; 28,3] **
17,6 [10,8; 20,3] **
12,0 [1,68; 17,0] **
93,0 [90,0; 93,5] **
78,0 [70,0; 82,0] *
43,0 [40,0; 46,0] *
99,0 [91,0; 105,0]

19,4 [15,3; 25,5]
66,6 [56,2; 73,8] *
13,4 [10,1; 18,5] **

55,0 [40,9; 68,4] **
47,1 [23,9; 59,1] **
28,5 [13,7: 39,0] **
91,0 [89,0; 92,0] **
72,0 [66,8; 78,3] **
45,0 [40,0; 48,0]
102,0 [99,0; 109,0] *

14,7 [12,9; 19,6] **
78,9 [71,6; 82,2] **
6,5 [4,9; 11,0] **

Note: Quantitative data are presented as Me [25%; 75%].

Description:  *p <0.05 between group A-B; * * p <0.0001 between group A-B
“p <0.05 between group A-C; **p <0.0001 between group A-C

Definition of abbreviations: TSat90 % — night time spent with oxygen saturation below 90%; SpO2 mean — mean night saturation;
SpO2min — minimum night saturation; Night HR min — minimum night heart rate; Night HR max — maximum night heart rate;

REM — rapid eye movement sleep




Apxusb BHyTpeHHE MeAuumHbL ® No 6 o 2020

OPUTMHAABHBIE CTATHU

Results

ANALYSIS OF CARDIOVASCULAR SIGNS
OF OBSTRUCTIVE SLEEP APNEA

All patients were divided into the following groups
depending on OSA severity. Group A, with mild
sleep apnea, included 102 patients (100 males; 44.0
[40.3; 50.0] years); group B with moderate course —
98 patients (94 males; 47.0 [42.0; 50.0] years); group
C with severe course — 168 patients (164 males;
46.0 [42.0; 48.0] years). Table 2 presents the clini-
cal features of these groups. The severity of exces-
sive sleepiness correlated with OSA severity in all
groups. This parameter varied widely. For example,

in group A, it was mild/moderate (53.9% / 33.3%),
in group B — moderate/significant (38.8% / 13.3%),
in group C — moderate/significant (53.6% / 20.2%),
indicating a high baseline heterogeneity of patients.
The main polygraphic parameters in all groups were
characterized by frequent episodes of desaturation
with the events of nocturnal hypoxemia, tachy-/bra-
dycardia, and reduced deep sleep. Nocturnal poly-
graphic parameters are presented in Table 3.

LV systolic function was not impaired in all groups.
High intergroup difference was found in the assess-
ment of ESV, LVEF, LV myocardial mass index
(LVMI), left and right atrial volume indices, several
parameters of the right ventricle, epicardial fat thick-
ness (Table 4).

Table 4 Parameters of the left and right parts of the heart (ECHO-KG)

Group A Group B Group C
Parameter (n=102) (n=98) (n=168)
Left atrium (LA) size, cm 3,9(3,7;4,2] 4,21(3,9;4,5]* 4,3 (4,0;4,6] *

LAVI, ml/m?
EDV, ml
ESV, ma

EF, %

LVMI, g/m?

The normal geometry of the left ventricule,
n, %

Left ventricular concentric remodeling, n, %
Concentric LVH, n, %

Eccentric LVH, n, %

RAVI, ml/m?

Right ventricular wall thickness, cm

Right ventricle long-axis diameter, cm

EF, mm

TAPSE, mm

PASP, mmHg

VE/VA, m/c

IVRT, mc

DT, mc

LVDD, n (%)

LVDD: type I, n (%)

LVDD: type 11, n (%)

LVDD: type 111, n (%)

27,0 [25,0; 31,0]
125,0 [120,0; 133,0]
42,5 [37,0; 48,8
66,0 [62,3; 69,0]
114,0 [103,0; 120,0)

57 (55,9)

1(0,9)

27 (26,5)

17 (16,7)
24,0 [19,0; 30,8]
0,44 [0,39; 0,49]
3,30 [2,80; 3,50]
5,50 [4,50; 6,00]
23,0 [21,0; 25,0]
30,0 [27,0; 34,8

1,45 [1,00; 1,18]
95,0 [90,0; 99,8]
190,0 [173,0; 202,0]
15 (14,7%)

15 (14,7%)

0 (0%)

0 (0%)

31,0 [28,0; 33,0] **

130,0 [120,0; 138,0]

47,0 [38,0; 51,0]
63,0 [61,0; 67,8] *

118,0 [111,0; 129,0] **

30 (30,6)

2(2,0)

53 (54,1)

13 (13,3)
31,0 [24,0; 35,0] **
0,50 [0,46; 0,55] **
3,40 [3,00; 3,80] *
6,50 [5,50; 7,00] **
22,0 [21,0; 24,0] *
35,0 [30,0; 38,0] **
1,07 [0,91; 1,12] *
99,0 [92,5; 109,0] *

209,0 [197,0; 223,0] **

26 (26,5%)
24 (24,5%)
2 (2,0%)
0 (0%)

31,5 [29,0; 34,0]

135,0 [126,0; 152,0] **

51,0 [45,0; 60,0] **
60,0 [58,0; 64,0] **

125,0 [116,0; 132,0] **

24 (14,3)

4(2,4)
123 (73,2)
17 (10,1)
34,0 [29,0; 37,0] **
0,53 [0,49; 0,55] **
3,70 [3,20; 4,00] **
7,50[6,38; 8,00] **
21,0 [19,8: 24,0] **
36,0 [32,0; 42,0] **
1,04 [0,92; 1,13] *

102,0 [96,8; 116,0] **
214,0 [201,0; 230,0] **

67 (39,8%)
59 (35,0%) **
8 (4,8%)

0 (0%)

Note: Quantitative data are presented as Me [25%; 75%)].

Description:

*p <0.05 between group A-B; ** p< 0.0001 between group A-B

*p <0.05 between group A-C; *p <0.0001 between group A-C
Definition of abbreviations: LA — left atrium; LAVI — left atrial volume index; EDV — end-diastolic volume; ESV — end-systolic volume;
EF — ejection fraction; LVMI — left ventricular mass index; LVH — left ventricular hypertrophy; RAVI — right atrial volume index;
EF — epicardial fat thickness; TAPSE — systolic excursion of the fibrous ring of the tricuspid valve; PASP — pulmonary artery systolic pressure;
VE/VA — ratio of the early (E) to late (A) ventricular filling velocities; [IVRT — isovolumic relaxation time; DT — deceleration time;

LVDD — left ventricular diastolic dysfunction
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Among patients with severe OSA (group C), individ-
uals with the diastolic dysfunction (DD) of the left
ventricle (LV) prevailed — unlike in groups A and
B. At the same time, initial manifestations of DD in
the form of impaired LV relaxation were found in all
groups, indicating the redistribution of transmitral
flow toward the atrial component. DD progression
led to changes in blood flow only in 2% of patients
(n = 2) in group B and 4.8% of patients (n = 8)
in group C, which was associated with increased
LA pressure. LVH was found in 43.2% of patients
(n = 44) in group A, 67.4% of patients (n = 66) in
group B, and 83.3% of patients (n = 140) in group C.
Analysis of LV remodeling types revealed an increase
in LV concentric hypertrophy cases depending on
OSA severity.

DEVELOPMENT OF A MODEL
oF LVH PROBABILITY
IN Patients witd OSA

To establish the predictors/signs that have the best
influence on event probability prediction, we per-
formed preliminary statistical analysis. When devel-
oping a model of logistic regression, the method
of step-by-step elimination of signs was used. The
method was performed for all patients aged 46.0
[42; 49] years, with BMI of 33.3 [31.7; 35.3] kg/m?>.

Table 5. Mathematical model: time on saturation
less than 90%, Epworth sleepiness scale

Logarithmic
likelihood — 2 null 453,915

model
Logarithmic likelihood — 135,875
2 complete model
Chi-square 318,040
df (degrees of freedom) 2
Level of significance P <0,0001
Cox & Snell R Square 0,5786
Nagelkerke R2 0,8164

Table 6. MODEL: coefficients and standard errors

We formulated 74 logistic regression equations
(based on the number of possible predictors) that
assess the possibility of LVH in patients with OSA
in order to find a diagnostic rule. Then, two predic-
tors with the highest weight (out of 74 signs) were
identified. The following parameters had the great-
est prognostic weight: TSat90% — time for satura-
tion less than 90%; ESS — Epworth Sleepiness Scale
(points). The results are shown in Table 5.

The likelihood value was a negative double value of
the logarithm of the similarity function (-2LL) that
was highly significant during the test (after adding
influence variables, —2LL was 135.875, which was
318.040 less than the baseline value). This virtu-
ally meant that a combination of predictors signifi-
cantly improves the model. Cox/Shell R? ratios and
Nagelkerke R? obtained from the ratio of likelihood
functions demonstrated a high predictive value of
this model of 81.64%. Moreover, 2 predictors with a
level of 318.040 at 2 degrees of freedom (p < 0.0001)
convincingly demonstrated a high correlation of
predictors with the probability of LVH detection in
a patient with OSA of different severity. A summary
for each variable of this predictive model is shown
in Table 6.

According to the model developed, when the thresh-
old value for ESS increases, the probability of LVH
increases by 2.79 times (with a fixed value of another
predictor), allowing to establish LVH in 93.75% of
OSA cases reliably (AUC = 0.975; SD = 0.00741; CI
95% [0.953; 0.988]). The area under the ROC curve
(AUC) with a level of 0.975 indicates the excellent
quality of the model, its high sensitivity and specific-
ity (Fig. 1).

We set «the cut-off levels» for ESS at 10 points and
for TSat90% at 5.2%. This means that each predic-
tor above these levels is already sufficient to predict
LVH (ESS has sensitivity of 89.4%; specificity of
92.9%; TSat90% has sensitivity of 93.7%; specific-
ity of 87.6%), and their combination allows not to
take into account the «cut-off level» (it works for any
value of the parameter) with sensitivity of 93.7%
and specificity of 93.8% (Fig. 2). Therefore, there are

Variable |  Ratio SE P | OR |  cros% |
TSat90% 0,21717 0,043 <0,0001 1,24 [1,14; 1,35]
ESS 102658 0,156 <0,0001 2,79 [2,06; 3,79
Constant -11,48453 1,563 <0,0001

Note: Definition of abbreviations: SE — standard error; P — significance level; OR — odds ratio; CI — confidence interval;
TSat90% — night time spent with oxygen saturation below 90%; ESS — Epworth Sleepiness Scale (points)




Apxusb BHyTpeHHE MeAuumHbL ® No 6 o 2020

OPUTMHAABHBIE CTATbBU

100

80

- | P

o
> 6of
o 40|
U_) g
20 H |==== TSato0%
: -IIESS
L} | === 2 predictors
0'...1,..|...|...1.

100

o

20 40 60 80
Specificity

Figure 1. Graphical representation of the sensitivity
and specificity of a model using 2 predictors.
Definition of abbreviations: TSat90% — night time
spent with oxygen saturation below 90%; ESS —
Epworth Sleepiness Scale (points); Orange line —
predictive probability of 2 predictors
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objective prerequisites for developing a model for
predicting LVH using ESS (patient questionnaire)
and TSat90% (computer somnography) in patients
with OSA of any severity.

During this work, we created a model for predicting
LVH described by the following equation:

Z=(-11,48453) + 1,02658 x (E) +
+0,21717 x (T)

where «Z» is the sum of the numerical values of
signs; «E» is the number of points according to the
Epworth Sleepiness Scale, «T» is the time for satura-
tion less than 90% (% of total sleep time).

The sum (Z) is equal to the numerical value of signs
multiplied by the discriminant coefficient of the
sign (1.02658 for the number of points on the ESS
Sleepiness Scale and 0.21717 for TSat90%) and
summed with a constant (-11.48453). Given the
logistic function of the following type: f(z) = Tlez’
where e = 2.71828947 (base of natural logarithm),
we can calculate the probability of LVH using “the

probability formula” [15]:

e? x 100 e(—11,4-84-53)+1,02658><(E)+0,21717><('l') x 100

1+ e2 1+ e(—11,484—53)+1,02658><(E)+0,21717><(T)

Probability p > 50% shows a high risk of LVH in
a patient with OSA.

TSat90%
90 |-

8o 9
70} 8
60 |
50 |
40 -
30|
20
10}
ok

>5,2

Probability of developing LVH: Positiv=1, Negativ=0

Figure 2. Graphical representation of the «feature cut-off threshold» for 2 predictors. Definition of abbreviations:
TSat90% — night time spent with oxygen saturation below 90%; ESS — Epworth Sleepiness Scale (points);

LVH — left ventricular hypertrophy

465



466

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine @ Ne 6 e 2020

CLinicAL EXAMPLES OF
LVH ProBABILITY CALCULATION

Let us consider the data of a patient with OSA, male,
42, who has 16 points on the ESS Sleepiness Scale
(during the survey) and TSat90% = 8.83% (accord-
ing to the results of computer somnography).

Z=(-11,48453) +1,02658 x 16 +
+0,21717 x 8,83 =6,86

e”x100 _ 2,71828947%80)x100 _
1+e?  1+2,71828947(686)
_ 953.38545294278x100 _ 95338.545294278
© 1+953.38545294278  954.38545294278

= 99.9 (%)

The risk of LVH probability in this patient with OSA
15 99.9% (> 50%) — HIGH.

Another patient with OSA, male, 49, with 5 ESS
points (during the survey) and TSat90% = 1.05%

(according to the results of computer somnography).

Z=(-11,48453) + 1,02658 x 5 +
+0,21717 x 1,05 = -6,12

e?x100 _ 2,71828947(-612)x100 _

P="Tre 1+2,71828947(-6.12)
0.0021984x100 0.21984

- = = 0.22 (%)
1+0.0021984 1.0021984

The risk of LVH probability in this patient with OSA
is0.22% (< 50%) — LOW.

Results and Discussion

When a patient with OSA develops a persistent
“vicious loop” of systemic inflammation, chronic
damage to vital organs and systems develops.
Results of a series of studies revealed that the heart
and blood vessels are the most exposed organs.
The relationship between OSA and cardiovascular
conditions such as resistant arterial hypertension
(RAH), atrial fibrillation (AF), and chronic heart
failure (CHF) was confirmed in large prospective
clinical studies[2, 3]. In our opinion, left ventricular
myocardial hypertrophy (LVH), increased left ven-
tricular myocardial mass and its structural remod-
eling as a result of overload by volume/pressure

in patients with OSA, can be considered as the
best marker of such cardiovascular risks. Despite
the high accuracy and diagnostic value of cardiac
magnetic resonance imaging (cMRI) as a univer-
sal standard for LVH diagnosis, its low accessibility
and high cost in real clinical practice make urgent
the search for alternative approaches, including
medical prediction models. Our proposed model
is based on a carefully planned analysis of clini-
cal and instrumental data that can be performed
in an outpatient and inpatient setting. Moreover,
the predictors we defined, ie. TSat90% — time
for saturation less than 90% (CSG parameter)
and ESS — sleepiness according to the Epworth
scale (questionnaire parameter), not only have
high sensitivity and specificity of LVH prognosis
in patients with OSA of different severity, but also
allow the practitioner to change the diagnostic and
treatment strategy towards early prescription and
extending of combination therapy of obstructive
sleep apnea.
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