Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK

OPUMHATTBHBIE VICCNELOBAHWA Tom 29, N° 4, 2027 YMeHv akademmra V. MNasnosa 8
4
YK 616.12-005.4:616.379-008.64 I.)
DOI: https://doi.org/10.17816/PAVLOVJI72376 el
‘ updates ’
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AHHOTAUNA

BsedeHue. DakTopoM, ycyrybnaioLwmM TedeHne mweMmyeckon bonesuu cepaua (MBC) y bonbHbix caxapHoro auabeta
2 vna (C2), ABNAeTCA KapAMOBaCKyNApHasA aBTOHOMHasA Hetponatua (KAH), npu KoTopoii B 5 pa3 yBennuMBaeTcA puck
BHe3anHon cMepTu. PacnpoctpaHenHocTb KAH y 6onbHbix UBC B covetanmm ¢ C2 Morket pocturate 60%. Knaccuyeckue
KapamoBackynsapHble TecTbl (KKT) He no3BonAioT BbiABNATL KAH Ha goknunHuyeckon ctagmn. CoBpeMeHHbIM METOAOM JleYeHNSA
CO2 ABNAOTCA MHMOMTOPbI HATPMATIIOKO3HOMO KO-TPaHCMOpTepa 2 TUNa, [OKa3aBLUME KapAMOMNpPOTEKTUBHBIE IPDEKTDI.

Llens. AHanu3 pacnpocTpaHeHHOCTM M3MeHeHWI BapuabenbHOCTW apTepuanbHoro faenenua (BAL) u putMa ceppua
(BPC) y 60nbHbix MBC B coyetanum ¢ C12 u BavAHMA sMnarnudno3vHa Ha 3T napameTpbl.

Mamepuanel u Memodsi. ObcnenosaHo 210 naumeHtoB 64,5 + 6,7 net (103 MyumHbl) ¢ UBC B coveTaHum ¢ CO2
(1 rpynna). AHanu3upoBanucb aHTPOMOMETPUYECKME U BMOXMMUYECKMX MOKa3aTenu, MpOBEAEHO —CYTOYHOE
MOHUTOPMPOBaHWE 3M1EKTPOKAPAMOrPaMMbl U apTepuanbHoro faenenus, BoinonHeHbl KKT. [na cpaBHeHus obcnefoBaHo
64 naumenTa ¢ MBC, He MMelOLLMX HapyLUeHU yrneBogHoro obMeHa (2 rpynna, n = 64, 66,4 + 2,3 net). [Janee u3 umcna
obcnenoBaHHbIX MauueHToB 1-01 rpynnbl 0To6paHbl nauueHTsl (n = 42) ¢ HapyweHuamu BPC 1 BA[l, Ho cymmoin 6annos
KKT < 4,0; oHu paspenenbl Ha rpynny 1T (n = 22) — pob6asneH amMnarnudnosuH 10-25 mr B cytkm — un 1C (n = 20) —
NPOJO/IHKUIN paHee NPOBOAMMYH Teparnuio.

Pesynemamel. Y 22% naumentos ¢ UBC B couetanun ¢ CA2 BoiAsneHa KAH, Bce oHn nMenu Hapywenua BPC n BAL.
OTKnoHeHun nokasatenei BPC n BALl npu HopManbHoi cymme 6annoB KKT (<4,0) BoisBneHbl y 43% 60/bHbIX. B TeueHune
6 Mec. neyenus amnarnudnosvHoM yposeHb HbATc cHusmnca c 8,38 + 0,56 % mo 6,9 + 0,26% (p < 0,05), B rpynne
6e3 amnarnudno3vHa - ¢ 8,28 + 0,32% pmo 7,30 + 0,29% (p < 0,05). B rpynne amnarnudnosuHa cpegtas YCC 3a cytku
CHu3unack ¢ 86,7 + 2,4 yo./MuH go 76,7 + 2,1 ya./MuH (p < 0,05), umMpKagHbi MHagekc ysennumnca ¢ 1,19 + 0,02 go
1,30 = 0,01 (P < 0,05), SDNN ysenunuunca ¢ 106,1 £ 2,21 go 114,03 = 2,34 mc (p < 0,05), nHaeKc BapuabenbHOCTH
CcUCTONIMYeCKoro apTepuanbHoro faenenua (CAL) oHeM cHusumnca ¢ 22,9 £ 1,7 po 16,4 + 1,9 %, p < 0,05, CAL] Houblo —
c16,8+22p012,3+2,6%,p<0,05.

3aknoyeHue. BoisiBnAeMble n3MeHeHus nokasarteneit BPC v BAL moryT 6biTh nposieneHneM KAH u npu cymme bannos
KKT < 4,0 cBMpeTenbCTBOBaTh 0 €6 JOKNMHUYECKOM CTaauu. 3apernctpyMpoBaHa nonoxutenbHaa avHamMuka BPC n BAL
Ha ¢oHe neyeHWs aMNarnMdNO3MHOM, NPOAEMOHCTPUPOBABLLMM €ro CnocobHOCTb YyyLaTh GyHKLMOHANBLHOE COCTOAHME
BEreTaTMBHOW HEPBHOW CUCTEMBI.

KnioueBble cnoa: uwemuyeckas bonesHs cepdua; MBC; caxapHsili duabem; asmoHoMHasa Heliponamus; 8apuabesisHocms
pumma cepdya; sapuabesbHOCMe apMepuasIbHO20 0aB/IeHUS; 3MNA2/UG/I03UH
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Variability of arterial pressure and cardiac rhythm
in patients with coronary heart disease and diabetes
mellitus: Effect of sodium-glucose co-transporter

2 inhibitor
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ABSTRACT

INTRODUCTION: A factor that worsens the course of coronary heart disease (CHD) in patients with type 2 diabetes
mellitus (DM2) is cardiovascular autonomic neuropathy (CAN), in which the risk of sudden death increases fivefold. The
prevalence of CAN in patients with both CHD and DM2 may reach 60%. Classic cardiovascular tests (CCT) do not permit
identification of CAN at the preclinical stage. A modern method of treatment for DM2 uses sodium-glucose co-transporter
2 inhibitors, which have confirmed cardioprotective effects.

AIM: To analyze the prevalence of alterations of arterial pressure variability (APV) and of heart rhythm variability
(HRV) in patients with both CHD and DM2 and the effect of empagliflozin on these parameters.

MATERIALS AND METHODS: A total of 210 patients aged 64.5 + 6.7 years (103 men) with both CHD and DM2 were
examined (group 1). Anthropometric and biochemical parameters were analyzed, electrocardiogram and arterial pressure
were monitored daily, and CCT was performed. For comparison, 64 patients with CHD with no alterations in the carbohydrate
metabolism were examined (group 2, n = 64, aged 66.4 + 2.3 years). Further, among patients in group 1, patients with
impaired HRV and APV were selected, but they had CCT scores < 4.0, and they were divided into group 1G (n = 22) where
empagliflozin was added (10-25 mg/day) and group 1C (n = 20) where the previous therapy was continued.

RESULTS: CAN was detected in 22% of patients with CHD and DM2, and all patients had impaired HRV and ADV.
Deviations of HRV and APV parameters with normal CCT scores (< 4.0) were detected in 43% of the patients. Within 6
months of treatment with empagliflozin, the HbAc level decreased from 8.38% + 0.56% to 6.9% + 0.26% (p < 0.05); in the
group without empagliflozin treatment, it decreased from 8.28% + 0.32% to 7.30% + 0.29% (p < 0.05). In the empagliflozin
group, the average heart rate per day decreased from 86.7 + 2.4 to 76.7 + 2.1 beats/min (p < 0.05), the circadian index
increased from 1.19 £ 0.02 to 1.30 + 0.01 (p < 0.05), the SDNN increased from 106.1 + 2.21 to 114.03 + 2.34 ms (p < 0.05),
and the systolic arterial pressure variability index decreased from 22.9% + 1.7% to 16.4% + 1.9% at daytime (p < 0.05) and
from 16.8% + 2.2% to 12.3% + 2.6% at nighttime (p < 0.05).

CONCLUSION: The identified alterations of HRV and APV parameters may be manifestations of CAN, and CCT score
< 4.0 may indicate the preclinical stage. Positive dynamics of HRV and APV was recorded with empagliflozin therapy, which
improved the functional condition of the autonomic nervous system.

Keywords: coronary heart disease; CHD; diabetes mellitus; autonomic neuropathy; heart rate variability; arterial pressure
variability; empagliflozin
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LIST OF ABBREVIATIONS

APV — arterial pressure variability

HRV — heart rate variability

RRCH — Rostov Regional Clinical Hospital

DAPd — daytime diastolic arterial pressure

DAPn — nighttime diastolic arterial pressure

CHD — coronary heart disease

SGLT-2 — sodium-glucose linked transporter-2 inhibitor

CAN — a cardiovascular form of diabetic autonomic neuropathy
CCT — classic cardiovascular test

SAPd — daytime systolic arterial pressure

SAPn — nighttime systolic arterial pressure

DM2 — type 2 diabetes mellitus

24HAPM — 24-hour arterial pressure monitoring

24HECGM — 24-hour electroencephalogram monitoring

Cl — circadian index

HR — heart rate

pNN50 — the percentage of adjacent NN intervals differing by >50 ms
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RMSSD — root mean square of the sum of differences of successive R-R intervals

SDNN — standard deviation of all R-R intervals

INTRODUCTION

The interrelation between type 2 diabetes mellitus
(DM2) and coronary heart disease (CHD) is out of doubt
[1]. It is not by chance that DM2 modern treatment
implies multifactor control-directed not only to normalize
hyperglycemia but also prevent CHD development and
progression [2]. An important factor that aggravates the
course of CHD is the cardiovascular form of diabetic
autonomic neuropathy (CAN), which increases the risk of
death by 5-folds [3, 4]. Information on CAN prevalence
remains ambiguous up to the present moment, and
according to different studies, it ranges from 25% to 60%
[5, 6]. The significant clinical manifestations of CAN include
disorders in the variability of the heart rhythm (HRV) and
arterial pressure (APV) that may be identified in classic
cardiovascular tests (CCT) according to D. Ewing [6].

Unfortunately, CCT permits the identification of CAN
at the stage of clinical manifestations. Concurrently, no
sufficient information is available about the preclinical
stage diagnosis of CAN, although alterations in the
autonomic nervous system at the preclinical stage are
known to be reversible [5, 7].

In recent years, special attention in DM2 treatment
has been given to sodium-glucose-linked transporter-2
inhibitors (iISGLT-2), which have proven several
cardioprotective effects and cardiorenal outcome
improvements [9-11]. Here, a probable effect of
iSGLT-2 on the myocardium, myocardial energetics
and metabolism [11, 12], stiffness of the vessel wall,
natriuresis, and osmotic diuresis [10] is discussed, as
well as a probable hypervolemia reduction due to the
interstitial fluid [10-12]. Additionally, the authors did
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not encounter any related literature that investigated
the effect of iSGLT-2 on the functional condition of the
autonomic nervous system, impaired HRV, and APV.

Aim — analyze the prevalence of alterations
APV and HRV in patients with CHD in combination
with DM2 and the effects of empagliflozin on these
parameters.

MATERIALS AND METHODS

The study was conducted on the clinical base
of Rostov Regional Clinical Hospital (RRCH) and was
approved by the Ethics Committee of Rostov State
Medical University (Protocol of the meeting No. 15/18
of 11.10.2018).

To realize the set aim, in the first stage examined
210 patients with CHD in combination with DM2
(group 1) who underwent treatment in the cardiologic
unit of RRCH. Of them, 107 (50.4%) were females and
103 (49.5%) were males, with a mean age of 64.5 + 6.7
years.

In all patients, anthropometric parameters were
analyzed, and biochemical examination results were
evaluated, including plasma glucose in fasting condition
and 2 h after a meal, HbAlc, blood lipid spectrum
parameters, C-peptide, and immunoreactive insulin with
Homeostatic model assessment insulin resistance index
calculation. Instrumental research methods included:

1) 24-h monitoring of electroencephalogram
(24HECGM) with the determination of the average heart
rate (HR, beat/min) per day, circadian index (Cl), and the
time characteristics of HRV as the following:

- standard deviation of all R-R intervals (SDNN, ms),
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- square root of the sum of differences of sequential
R-R intervals (RMSSD, ms),

- the percentage of adjacent NN intervals differing
by >50 ms (pNN50, %).

2) 24-h monitoring of arterial pressure (24HAP) with
the calculation of variability indices;

- daytime and nighttime systolic arterial pressure
(SAPd, % and SAPn, % respectively),

- daytime and nighttime diastolic arterial pressure
(DAPd, % and DAPn, % respectively).

CHD diagnosis was confirmed by the coronarography
(CG) results. In the group with CHD without DM2,
monovascular lesions of the coronary vessels were
more commonly identified (74% vs. 12%, p < 0.05),
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and contrarily, multisegmental lesions of the coronary
vessels were identified in those with DM2. In group 1
(CHD + DM2), more cases of hemodynamically significant
stenoses were found (79% vs. 56%, p < 0.05).

CAN was verified based on the CCT assessment.

For comparison, 64 patients with CHD without
carbohydrate metabolism disorders (group 2) were
examined. In the study groups, the number of males
and females were similar (Table 1), as well as the age
of patients, and blood pressure was equally elevated.
As expected, the groups differed in body mass index
(BMI) and HbA1c. No significant differences were found
in the lipid spectrum, except triglycerides that were
higher in group 1.

Table 1. Comparative Analysis of Clinical and Demographic Characteristics of Patients of the Study Groups

Parameter Group 1 Group 2 p

n 210 A

Age, years 64.2+3.1 66.4+23 >0.1
Body mass index, kg/m? 33.8+23 272+25 <0.05
HbATc, % 8.28 + 0.87 5.28 +0.22 <0.01
High density lipoprotein cholesteral, mmol/l 0.92 +0.46 121034 >0.1
Low density lipoprotein cholesterol, mmol/l 253 £1.76 228 £1.49 >0.1
Triglycerides, mmol/l 2.96+0.75 1.17 £ 0.50 <0.05
C-peptide, pmol/L 625.1£82.6 5635+ 23.6 >0.1
Immunoreactive insulin, plU/ml 12.6 +1.34 6.43 +0.65 <0.05
HOMA insulin resistance index 6.76 +0.77 216028 <0.05

In the second stage of the study, 42 patients were
isolated from group 1 (CHD + DM2) with HRV and APV
disorders (Cl < 1.24, SAPd > 20%, SAPn > 10%, DAPd
> 15%, DAPn > 10%), but the total score of CCT (<4.0)
evidenced the absence of the clinical stage of CAN.

All patients with DM received combined hypoglycemic
therapy, which included metformin, preparations of
sulfonylurea, and basal analogs of human insulin, but
the target values of carbohydrate metabolism were not
achieved (HbA1c > 8.0%). From this cohort of patients,
2 groups were isolated: 1G group (n = 22), wherein
iSGLT-2 empagliflozin of 10-25 mg per day was added
to the combination therapy to improve carbohydrate
metabolism, and 1C group (n = 20), who continued the
previously conducted therapy.

Control examinations of patients and corrections of
doses of preparation were conducted monthly until the
level of HbA1c of <7.5% was achieved. To assess the
dynamics of the studied HRV and APV parameters after
6 months, 24HECGM, 24HADM, and CCT were repeatedly
performed. Patients of 1G and 1C groups additionally
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filled out a specially designed questionnaire to assess
the dynamics of clinical manifestations of CHD, body
weight, hypoglycemic conditions, and quality of life
parameters.

The study excluded patients with myocardial
infarction or stroke that previously occurred in <3
months, severe liver and kidney pathology, oncological
diseases, stages Ill and/or IV functional class chronic
heart failure, and severe hypoglycemic conditions
(requiring the help of another person, with or without
loss of consciousness) within the previous 3 months.

Statistical analysis of the data was performed
using Microsoft Office Excel 2010 (Microsoft Corp., USA)
and STATISTICA 10.0 (Stat Soft Inc., USA) software.
The type of data distribution was assessed using
the Kolmogorov-Smirnov analysis; with p-values
>0.05, the distribution was considered not different
from normal.

Descriptive statistics were implemented with the
following characteristics: arithmetic means (M), standard
deviation, and percentage (%). In the case of normal
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distribution, the Student’s test was used to compare
two independent samples, and in the case of other
than the normal distribution, the Mann-Whitney and
12 tests or Leven test were used with the definition of F.
The Wilcoxon W-test was used to compare quantitative
data within the group before and after treatment.
Obtained differences were considered statistically
significant at p < 0.05.
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RESULTS

The study on HRV revealed significant differences
between the analyzed groups. Thus, in group 1 (CHD
+ DM2) the average HR parameter was higher and CI
was lower (Table 2). HRV disorders in group 1 (CHD +
DM2) were evidenced by mean, SDNN, and pNN50 time
parameters, which appeared to be lower than group 2
(CHD). APV parameters also differed between the groups.

Table 2. Comparative Analysis of Heart Rhythm and Arterial Pressure Variability in the Study Groups

Parameters Group 1 Group 2 p
n 210 A
Average heart rate, beat/min 88.24 + 5.45 7021 £3.18 <0.05
SDNN, ms 108.6+3.4 1248 + 4.3 <0.05
RMSSD, ms 22.48+£3.16 28.7 £+ 456 > 0.1
pNN50, % 6.31+0.78 9.19+£0.92 0.05
Circadian index 1.16 +0.03 1.27 £+ 0.04 0.05
Arterial pressure variability indexes, %
-systolic, daytime 2034 £ 1.81 15.34 £ 1.77 <0.05
-diastolic, daytime 15.33£0.88 12.46 +0.53 <0.05
-systolic, nighttime 15.38 £ 1.52 11.80 £+ 0.88 <0.05
-diastolic, nighttime 12.63 £ 0.79 11.60 £ 0.85 >0.1

The CCT result evaluation revealed no cases with
the score of >4 in group 2 (CHD), i.e., the data in favor of
CAN were absent, whereas the score of >4 was detected
in 22% of patients in group 1 (CHD + DM2), which
indicated the clinical stage of CAN; with this, in these
patients, HRV and APV parameters went beyond the
age-related norm. Consequently, the detected changes
in HRV and APV parameters can be interpreted as CAN
manifestations. Additionally, the number of patients with
HRV and APV deviations in group 1 (CHD + DM2) was
significantly higher (43%) than of those with impaired
CCT scores (22%, p < 0.05). Thus, changes in HRV and
APV with normal values of CCT scores may evidence
the existence of the preclinical stage of CAN. Here,
HRV disorders were more commonly identified in these
patients (70%), and only 30% had HRV and APV disorders.
Thus, the earliest manifestations of CAN in patients with
a combination of CHD and DM2 may be HRV disorders, to
which APV disorders add, and only later distinct clinical
signs appear detecting CAN using CCT.

During the 6 months of treatment, the HbA1lc
level decreased from 8.38% + 0.56% to 6.9% + 0.26%
in 1G group using iSGLT2 (p < 0.05), whereas from
8.28% + 0.32% to 7.30% + 0.29% in 2C group (p < 0.05).
With this, achievement of the HbAlc target values
in 1G group was coupled with bodyweight reduction,
wherein the average BMI decreased from 33.62 + 1.23 to
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31.14 + 1.06 kg/m?, whereas a tendency of increased
BMI from 32.76 + 1.08 to 35.83 + 1.1 kg/m? in 1C group,
which finally began to exceed this parameter in 16
group. The frequency of hypoglycemic states was also
different in the analyzed groups. In the 1G group, only
2 patients had signs of hypoglycemia, whereas 48% of
patients noted hypoglycemia in the 1C group, with an
increased dose of sulfonylurea preparations. All patients
in the 1G group noted the quality of life improvement
that was associated with increased exercise tolerance,
decreasing shortness of breath, and stabilized arterial
pressure. In the 1C group, only 3 patients noted the
quality of life improvement (15%, p < 0.05).

The dynamics of HRV, APV, and CCT parameters
were also different in 16 and 1C groups. Thus, in 16
group with iSGLT-2 treatment, the average HR per day
decreased from 86.7 + 2.4 beat/min to 76.7 + 2.1 beat/
min (p < 0.05), whereas Cl increased from 1.19 + 0.02 to
1.30 + 0.01 (p < 0.05, Figure 1). Of attention is the
dynamics of SDNN (an integrated parameter that
characterizes HRV in general and depends on the influence
of both sympathetic and parasympathetic divisions of the
autonomic nervous system on the sinus node [14]), which
increased from 106.1 to 114.034 ms (p < 0.05). This was
mainly due to the influence of the parasympathetic division
of the autonomic nervous system evidenced by an increase
of the initially reduced RMSSD (from 19.83 + 1.56 to
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24.22 £ 1.51 ms, p < 0.05) and PNN50 (from 6.28 + 0.88
to 10.04 + 0.92, p < 0.05). Obtained results may indicate
probable functional state improvement of the autonomic
nervous system using iSGNT-2. This was also evidenced
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Fig. 1. Dynamics of parameters of heart rhythm variability in patients of 1G (receiving empagliflozin) and 1C (continuing the earlier

selected treatment) groups in 6 months of treatment.

Note: * — differences with the corresponding initial parameter with p < 0.05.
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Fig. 2. Dynamics of parameters of arterial pressure variability in patients of 16 (receiving empagliflozin) and 1C (continuing the earlier

selected treatment) groups in 6 months of treatment.

Note: * — differences with the corresponding initial parameter with p < 0.05.

In the 1C group, the 24HECGM and 24HAPM results
were different. The average HR per day increased (from
86.7 + 2.5 t0 92.4 + 1.9 beat/min, p < 0.05), whereas Cl
decreased (from 1.17 + 0.04 to 1.08 + 0.01, p < 0.05).
Contrary to the 1G group, SDNN parameter decreased
(from 110.20 + 2.22 to 104.01 £ 2.1 ms, p < 0.05), and a
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tendency to reduced RMSSD and PNN50 (p > 0.05) was
seen. Based on the results of 24HAPM, increased SAPd
index (from 22.6 + 1.3 to 24.9 + 1.6%, p < 0.05) and
SAPn index (from 17.1 + 2.4 to 20.1 + 1.6%, p < 0.05)
was found in 1C group. In repeated CCT conducted in
6 months, the score in the 1G group did not show any
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significant changes and remained at <4.0 in all patients,
whereas it exceeded 4.0 in 26% of patients in the 1C group
(p < 0.05), which may be indicative of CAN progression.

DISCUSSION

CCT does not always permit CAN identification,
especially in the early stages. HRV investigation using
the data of 24HECGM and APV using the data of 24HAPM
can be suggested to provide a more objective judgment
about the presence of CAN and verify this complication
of DM2 at the preclinical stage.

The use of CCT identified CAN in the group with a
combination of CHD and DM2 only in 22% of patients,
while the real number of patients may be 43% based
on HRV and APV parameter evaluation. Here, the first
manifestations of the preclinical stage may be deviations
of HRV parameters, and disorders in APV added with the
progression of CAN.

The use of iSGLT-2 empagliflozin in the early
stages of CAN reduced the clinical manifestations of
CHD with the underlying HRV improvement due to the
reduced average HR, increased Cl, and improved time
characteristics. Positive dynamics of APV concerned
only systolic AP that was manifested in SAPd and SAPn
indices improvement.

CONCLUSIONS

1. HRV and APV disorders based on the data of the
24HECGM and 24HAP were identified in 43% of patients
with CHD in combination with DM2. Simultaneous
assessment of the study parameters considerably
optimized diagnosis of the preclinical stage of the
cardiovascular form of diabetic autonomic neuropathy.
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