© S.D. Parve, A.V. Sineglazova, 2024
UDC: 616-053.86 DOI: 10.20969/VSKM.2024.17(4).73-81

PREDICTORS OF ECHOCARDIOGRAPHIC CHANGES CONSIDERING
CARDIOMETABOLIC RISK IN YOUNG ADULTS.
DIFFERENTIATED APPROACH TO MANAGEMENT

PARVE SWAPNIL D., ORCID ID: 0000-0002-8069-4350; Cand. sc. med., Assistant Professor

at the Department of Primary Care and General Practice, Kazan State Medical University, 49 Butlerov str., 420012
Kazan, Russia. Tel. +7 (987) 414-92-28. E-mail: drswapnilparve@gmail.com

SINEGLAZOVA ALBINA V., ORCID ID: 0000-0002-7951-0040; Dr. sc. med., Professor, Head of the Department
of Primary Care and General Practice, Kazan State Medical University, 49 Butlerov str., 420012 Kazan, Russia.

Tel. +7(952) 041-10-01. E-mail: sineglazovaav@mail.ru

Abstract. Introduction. Cardiometabolic diseases represent a significant burden on global health. To ensure
prevention of chronic heart failure, coronary artery disease and atrial fibrillation, it is crucial to understand changes
in echocardiographic parameters with increase in cardiometabolic and residual risk in young adults. Aim. This study
aims to identify predictors of cardiac structural and functional changes in young adults with cardiometabolic risk factors
and propose an algorithm for differentiated management considering the cardiometabolic disease staging. Materials
and Methods. This case-control study included 191 patients with a median age 35 [30.0-39.0] years. Patients were
grouped according to the cardiometabolic disease staging. We performed in-depth clinical and laboratory examination,
and echocardiography. Statistical analyses were performed in IBM SPSS Statistics 23. Results and Discussion. With
progression of cardiometabolic disease stage, there is a rise in the cardiometabolic and residual risk and changes in
cardiac structure and function (p,.,, = 0.001-0.028). Visceral fat level strongly correlated with end-systolic volume (r, =
0.568; p = 0.000), end-diastolic volume (r, = 0.563; p = 0.000), left atrial volume (r, = 0.471; p = 0.000), stroke volume
(r,=0.464; p = 0.000), and ejection fraction (r, = -0.351; p = 0.000). We observed a weak inverse relationship between
the N-terminal pro-brain natriuretic peptide and waist circumference (r, = -0.257; p = 0.001), waist-to-hip ratio (r, =
-0.332; p = 0.000), and visceral fat level (r, = -0.205; p = 0.011). Various statistical analyses showed independent role
of visceral fat level in increasing the cardiac pre- and afterload. This allowed us to identify a subgroup CMDS 3-overly
high, within CMDS 3. We proposed an algorithm suggesting a differentiated approach for the management of young
adults with cardiometabolic risk factors that helps in stratifying individuals possessing higher risk of developing chronic
heart failure, coronary artery disease, and atrial fibrillation. Conclusions. An increase in the burden of cardiometabolic
and residual risk factors is associated with an increase in cardiac pre- and afterload. Excess visceral fat level most
significantly contributed to cardiac structural and functional changes. Per our proposed algorithm, individuals with CMDS
3-overly high group are advised to consult a cardiologist and undergo echocardiography to detect early cardiac changes.
Keywords: cardiometabolic risk, cardiometabolic disease staging, echocardiographic changes, heart failure, visceral
adiposity, algorithm.
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Pechepat. BBeaeHue. Kapanometabonuyeckmne 3aboneaHus NpeactaBnsaoT coboin 3HauntTensHoe 6pemst ans rro-
©anbHoro 3gpaBooxpaHerus. C no3vumnn NpoUNakTUKM XPOHNYECKOW CepAevHON HeAOCTAaTOYHOCTH, ULLEMNYECKON
6onesHun cepaua n ondbpunnauumn npeacepaun BaxxHO NoOHMMaHWe U3MEHEHUI 3XoKapAaMorpadnuyeckmnx nokasarenemn
C Y4EeTOM HapacTaHWus KapaMomMeTabonmyeckoro 1 pesnayansHoOro pucka y nui, Monoaoro Bospacta. Llenbto gaHHoro
ncenegoBaHus ObINo BbISIBIIEHNE MPEAUKTOPOB CTPYKTYPHbIX Y (DYHKUMOHAMBHBIX UBMEHEHWI cepaua y UL, MOnoaoro
BO3pacTta ¢ aktopamu kapamometTabonnyeckoro pucka u npeanoxeHne anroputma anddepeHupoBaHHOro Bege-
HMA ¢ ydyeToM cTtagupoBaHus no cardiometabolic disease staging (CMDS). MaTtepuan u metoabl. B nccnegosanue
no TUNy «cryyam-koHTponb» 6bin BkrtoveH 191 naumeHT B Bo3pacTte 35 [30,0—-39,0] net. O6cnegoBaHHble nuua 6binu
KnaccuduumpoBaHbl B COOTBETCTBUM C cucTeMoln ctagupoBaHust CMDS. MpoBeaeHbl AeTanbHoe KnMHUKo-nabdopartop-
Hoe obcnenoBaHue 1 axokapamorpadusa. Ctatuctudeckne aaHHble obpabotaHbl B nporpamme IBM SPSS Statistics
23. Pe3ynbraThl U ux obeyxaeHue. MNpu nporpeccupoBaHun CMDS Habnogaetcs HapacTaHne hakTopoB Kapau-
omMeTabonM4Yeckoro 1 OCTaTO4HOrO p1cka, a Takke USMEHEHUN CTPYKTYpbl U (yHKumK cepaua (p,.,, = 0.001-0.028).
BbisiBreHa cubHas KOppenaLnoHHas CBA3b YPOBHS BUCLIEPAbHOTO 1pa ¢ KOHEYHO-CUCTONUYECKUM 0BbeMoM (r, =
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0,568; p = 0,000), koHe4HO-AMacTonn4ecknm obbemom (r,= 0,563; p = 0,000), o6bemom nesoro npeacepams (r,=0,471;
p = 0,000), ynapHeim o6bemom (r, = 0,464; p = 0,000), dpakumeir Bbibpoca (r, = -0,351; p = 0,000). Takxe BbifBNEHa
obpatHas koppenauns cnabon Cusbl HaTPUIyPETUHECKOrO NenTrnaa ¢ OKPYXXHOCTbIO Tanuu (r, = -0,257; p = 0,001),
OTHOLLIEHMEM OKPYXHOCTU Tanuu K okpy»HocTn 6eaep (r, = -0,332; p = 0,000) 1 yposHeMm BUCLIEpanbHOTO xupa (r, =
-0,205; p =0,011). PasHOoCTOpOHHSASA cTaTucTMYeckasi 06paboTka nokasana He3aBUCUMbIN BKIaA YPOBHS BUCLEPanbHOro
Xupa B yBenuyeHue nped- 1 NocT-Harpy3kn Ha cepaue. Ha ocHoBaHWUM 3TOro NPeAioXeHo BbiAeNeHne B rpynne nauu-
eHToB monoporo Bo3pacta ¢ CMDS 3 nogrpynnsl CMDS 3-overly high. Hamu paspabotaH anroputm, npegnaratoLui
AnddepeHLMpoBaHHbIM NOAXOA K BEAEHWUIO MWL, MOMOA0ro Bo3pacta ¢ haktopamun KapamomeTabonmyeckoro pucka,
KOTOPbIN NOMOraeT CTpaTMdUUMPOBaTh NaLMEHTOB C Ooree BbICOKUM PUCKOM PasBUTUSI CEPAEYHON HEOOCTATOYHOCTH,
nwemmyeckon 6onesHn cepgua n pubpunnsauum npeacepanii. BeiBoabl. YBenvueHne 6peMermn hakTopos kapanome-
Tabonunyeckoro 1 peavayansHOro pucka accoummMpoBaHo C HapacTaHWeM npea- 1 NoCTHarpysku Ha cepaue. Hanbonee
3HaYUMbIV BKIa B USMEHEHWNE CTPYKTYPHO-PYHKLMOHANbHbLIX NapamMeTpoB BHOCUT yBENUYEHWE YPOBHS BUCLIEPATbHOIO
xupa. CornacHo npeanioXXeHHoMy Hamu anropuTtmy nuuam ma rpynnel CMDS 3-overly high pekomeHgoBaHa KOHCYINb-
Taums Kapguonora 1 NnpoxoXaeHne axokapanorpadum ¢ Lesbio BbISBAEHUN paHHUX U3MEHEHUIN cepaua.

KnroueBble cnoBa: kapanomeTtabonuyeckuii puck, Cardiometabolic disease staging, axokapguorpacduyeckue name-
HeHusi, cepaevHas He4OCTaTOYHOCTb, BUCLIepanbHbIN XUP, anropuTMm.

Ana ccbinku. Mapee C.[., CuHernasosa A.B. MNpeankTopbl axokapamorpanyeckmx M3MEHEHUA C Y4EeTOM Kapamo-
MeTabonuyeckoro pucka B Mornogom sospacte. AuddepeHuUmpoBaHHbI NOAXoL K BeaeHuto // BeCTHUK coBpeMeHHOM

KINMHWYecko meamumHbl. — 2024. — T. 17, Bbin. 4. — C.73-81. DOI: 10.20969/VSKM.2024.17(4).73-81.

I ntroduction. Cardiometabolic diseases represent
a significant burden on global health [1]. Despite
recent advances in diagnosis and implementation
of high-tech interventions, cardiovascular diseases
continue to be the leading cause of morbidity and
mortality in the Russian Federation and the world [1-3].
The presence of one or more cardiometabolic risk fac-
tors (CMREF), including elevated blood pressure, obesity,
dysglycemia, dyslipidemia, as well as associated
neurohumoral, dysmetabolic, and pro-inflammatory
changes, contribute to this phenomenon [4].

According to the cardiometabolic-based chronic
disease model [5], coronary artery disease (CAD),
chronic heart failure (CHF), and atrial fibrillation
(AF) are the primary endpoints of cardiometabolic
abnormalities. Each metabolic driver and residual
risk element influence genesis and progression of
heart failure phenotypes. Albeit CHF is an end stage,
subclinical left ventricular structural and functional
deterioration starts much earlier [4]. Evidence suggests
these individuals are prone to have heart failure with
preserved ejection fraction [6]. While researchers are
now widely discussing the cardiometabolic phenotype
of heart failure [6, 7], there are limited data on changes
in insulin resistance, leptinemia, visceral adiposity index
and level, concentrations of C-reactive protein and
natriuretic peptide, as well as cardiac changes at the
early stages of the cardiometabolic cascade [8, 9]. Thus,
from the perspective of assessing cardiometabolic risk, it
is imperative to modify approaches on risk stratification
and learn about their progression [5, 10-12].

To date, there is no universally accepted system for
assessing cardiometabolic risk; barring a few position
papers, consensus statements and recommendations
[12—15]. In our view, utility of cardiometabolic disease
staging (CMDS) in primary care cannot be overstated.
This system categorizes patients into different stages
of disease risk allowing for tailored interventions and
improved management outcomes [16, 17]. A recent
study on the CMDS model suggested that in comparison
with other risk assessment tools, CMDS had a similar
or superior ability to predict the 10-year risk of major
adverse cardiovascular events (MACE) [18]. Thus, it is
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not surprising, that it has been widely recommended
[14, 19, 20].

The current literature indicates a lack of comp-
rehensive data on the effectiveness of various
interventions across different populations and the
need for more robust evidence to guide clinical
decision-making. Thus, considering the increase in
cardiometabolic risk there is a need to develop a
differentiated approach to assess cardiometabolic and
hemodynamic parameters to identify groups of people
most susceptible to CHF.

In view of above, understanding the profile of CMRF
and associated changes in cardiac structure and
function among Russian young adults are critical for
promoting health. Moreover, proposing an algorithm for
early screening may result in preventing future disease
and significant reductions in the incidence of CVDs and
other related conditions [15].

Aim. The goal of this study was to identify predictors
of cardiac structural and functional changes in young
adults with cardiometabolic risk factors and propose an
algorithm for early screening and prevention strategies.

Materials and Methods. This study was conducted
at the Department of Primary Care and General Practice
of the Kazan State Medical University centered at the
Consultative Diagnostic Center of Aviastroytelniy District
from 2019 to 2022. The study was approved by the Local
Ethics Committee of Kazan State Medical University.

This was a case-control study in which participants
were selected based on their body mass index (BMI)
(1/3 normal weight, 1/3 overweight, and 1/3 obese).
A total of 191 individuals were enrolled. We included
a total of 97 females (50.8%) and 94 males (49.2%).
The median patient age was 35 [30.0-39.0] years.
Inclusion criteria were individuals aged 25-44 years
who voluntarily provided informed consent to participate
in the study. Exclusion criteria were: (1) subjects who
refused to participate; (2) patients with psychiatric
illnesses that interfered with the interview process;
(3) individuals with cardiometabolic diseases, such
as type 2 diabetes mellitus, coronary artery disease,
congestive heart failure, atrial fibrillation, or chronic
kidney disease; (4) those with antiphospholipid
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syndrome or autoimmune inflammatory diseases; (5)
individuals diagnosed with malignancies; (6) subjects
with decompensation of concomitant diseases or
conditions, including liver disease, kidney disease,
and others that are secondary causes of obesity; (7)
those with acute infectious diseases, endocrine system
diseases, or other conditions that could affect the study;
and (8) pregnant or lactating women, as well as (9)
individuals with medical implants, such as pacemakers,
silicone implants, or metal prostheses.

We conducted a comprehensive patient interview,
which included a detailed medical history and physical
examination. The registration card included questions
about demographic information, family history, and
psychosocial history, as well as questions about current
smoking and physical activity. During the physical
examination, height, weight, body mass index (BMI),
waist circumference, and waist-to-hip ratio were
measured. Body composition was assessed using
a Tanita BC-601 body composition monitor (Tanita
Corporation, Japan). A visceral fat rating between
1 and 12 was considered normal, while 13-59 was
considered excess visceral fat [21]. Blood pressure
was measured using a validated sphygmomanometer
(Omron M2 Basic, Japan). The laboratory workup was
performed using fasting venous blood samples in a
single certified laboratory. Levels of insulin (Siemens
Healthcare Diagnostics assays, England), and leptin
(Diagnostics Biochem Canada Inc., Canada) were
studied by enzyme immunoassay using an Immulite
1000 analyzer (Siemens, Germany).

The lipid profile (total cholesterol, triglycerides,
high-density lipoprotein cholesterol (HDL-c), low-
density lipoprotein cholesterol (LDL-c), fasting plasma
glucose, oral glucose tolerance test (OGTT), glycated
hemoglobin, and insulin, were assessed using
automated enzymatic methods on a Beckmann Coulter
automated analyzer AU480 (Beckman Coulter Inc.,
Brea, USA) and Beckmann Coulter assays. Serum
high-sensitivity CRP (hsCRP) was measured using
a high-sensitivity immunoturbidimetric method (CRP
[Latex] Beckman Coulter, Japan).

We estimated insulin resistance using the Home-
ostasis Model Assessment of Insulin Resistance
(HOMA-IR). The visceral adiposity index (VAI) was
estimated considering the sex and age [22]. Non-
HDL-c value was estimated by subtracting HDL-c from
the total cholesterol. Additionally, we also calculated
the atherogenicity index. Values of laboratory tests,
and calculated indices were interpreted according to
respective guidelines.

A team of two cardiologists trained in advanced
echocardiography and with adequate experience
performed transthoracic doppler echocardiography on
a Mindray DC-8 (Mindray Medical International Limited,
Shenzhen, China) machine according to the guidelines
[23]. We assessed common echocardiography
parameters for left and right atrial and ventricular
functions, and hemodynamic parameters. These
include, but are not limited to, left atrial volume and size,
end-diastolic volume (EDV), end-systolic volume (ESV),
ejection fraction (EF), stroke volume (SV), and cardiac
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output (CO). Du Bois formula was used to calculate the
body surface area and indices with respect to it.

Cardiometabolic risk assessment was performed
using the CMDS, that considered the following risk
factors [16, 17]: (RF1) abdominal obesity either as
defined by waist circumference =280 cm and/or waist-
to-hip ratio >0.85 in females and =94 cm and/or a
waist-to-hip ratio >0.9 in males [19]; (RF2) raised
systolic blood pressure 2130 mmHg and/or diastolic
blood pressure 285 mmHg or on antihypertensive
therapy; (RF3) low HDL-c defined as HDL-c <1.3
mmol/L in females and <1.0 mmol/L in males or on lipid-
lowering therapy; (RF4) fasting hypertriglyceridemia
defined as triglycerides =21.7 mmol/l or on lipid-
lowering medication. (RF5) prediabetes was defined
as impaired fasting glucose (IFG - venous glucose
6.1-6.9 mmol/L) or impaired glucose tolerance (IGT
- 2-hour venous glucose 7.8-11.0 mmol/L). Stage
0 comprised of metabolically healthy individuals
without any risk factors; stage 1 (low risk) involved the
presence of one or two risk factors (RF1-RF4). Stage 2
(medium risk) subjects included those with one of the
following: =3 metabolic risk factors (RF1-RF4), or the
presence of prediabetes. Stage 3 (high risk) involved
participants with 23 metabolic abnormalities (RF1-
RF4) + prediabetes. Individuals with stage 4 disease
(end-stage disease), namely type 2 diabetes and/or
vascular disease such as coronary artery disease,
stroke, or peripheral artery disease.

Statistical analyses were performed using IBM SPSS
Statistics 23.0 (IBM, USA). Quantitative parameters
are presented as median and interquartile range (Me
[25-75%]). When comparing independent groups, the
Mann-Whitney U test and the Kruskal-Wallis test were
used. The use of descriptive statistics was employed to
generate frequencies and percentages for categorical
variables. To determine statistical differences in
categorical variables, we utilized either Pearson’s
Chi-square test or Fisher’s exact test. Spearman’s (r_)
correlation was used to study the relationship. Multiple
logistic regression method was used. Differences were
considered statistically significant at p < 0.05 (two-
tailed).

Results and Discussion. The distribution of
individuals across CMDS was as follows: CMDS 0 —
19.4%, CMDS 1 — 36.1%, CMDS 2 — 30.4, CMDS 3 —
11%, and CMDS 4 — 3.1%. On preliminary analysis, no
statistically significant differences were observed in the
age of the study subjects across various CMDS, both
in the general and sex-based cohort (p = 0.096-0.568).
Furthermore, the distribution of females and males was
normal; therefore, subsequent analysis across various
CMDS was conducted in the overall cohort.

Following workup, patients diagnosed with type
2 diabetes mellitus and heart failure (confirmed by
echocardiography), were excluded from the study. The
final analysis included 181 participants.

The prevalence of residual risk factors across
various CMDS is presented in Table 1. We found that as
the CMDS progressed, there was an increase in both the
frequency all studied residual risk factors, which reflects
a simultaneous rise in all dysmetabolic processes
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and the manifestation of adiposopathy (atherogenic
dyslipidemia, insulin resistance, excess visceral fat
level, hyperleptinemia, and higher CRP levels) [24].

The cardiac structural and functional parameters
in the general cohort and across various CMDS were
within reference values (Table 2).

Our results show increase in left atrial volume
and dimension, interventricular septal thickness, left
ventricular posterior wall thickness, left ventricular mass,
end-diastolic and systolic volumes end decrease in EF
with increase in CMDS. Our results align with results of
previous studies that have attempted to examine the
cardiac structural and functional changes in individuals
with various combinations of CMRF. For instance, a

Japanese study group concluded that in a population
without overt cardiac diseases, insulin resistance was
strongly associated with subclinical left ventricular
dysfunction, as determined by assessing the left
ventricular global longitudinal strain [8]. In another large
echocardiographic study, investigators assessed the
cardiac structure and function and observed an increased
left ventricular mass index, left ventricular end-diastolic
volume, left ventricular end-systolic volume and left
ventricular stroke volume in obese individuals with and
without metabolic syndrome compared with individuals
with normal weight without metabolic syndrome [9].
Finally, in their paper Piché et al. beautifully explain, how
visceral obesity results in alterations in cardiac output,

Table 1

Frequency of residual risk factors across various CMDS

Tabnunuya 1

YacTtoTta BcTpeyaeMocTy (pakTOPOB OCTAaTOYHOro pUcka Ha pa3nuyHbix ctagusax CMDS

CMDS 0 CMDS 1
(n = 36) (n = 69)

CMDS 2 CMDS 3
(n = 57) (n=19)

CMRF 1 >

3 4

n (%) n (%)

n (%) n (%)

Excess level of
visceral fat

2 (3.5) 5 (26.3)

VAI 0(0) 3(4.3)

14 (24.6) 7 (89.5)

Leptin >11.1 ng/mL 17 (47.2) 4 (49.3)

36 (63.1) 19 (100)

Atherogenicity index 4 (11.1) 4 (34.8)

27 (47.4) 8(94.7)

HOMA-IR >2.52 1(2.7) 5(21.7)

14 (24.6) 4(73.7)

CRP >3 mg/L 1(2.8) 3(33.3)

12 (21.0) 2(63.1)

Note: n — number of participants with deranged parameters; % — proportion of subjects, with deranged parameters presented as
percent; p, ,— significance between CMDS 0 and CMDS 1; p, ,— significance between CMDS 0 and CMDS 2; p, , - significance between
CMDS 0 and CMDS 3 calculated using the Mann- Whltney U-test. p-values < 0.05 are in bold. Abbreviations: CMRF — cardiometabolic

risk factor; BMI —

body mass index; HOMA-IR — homeostatic model assessment of insulin resistance; non-HDL-c — non-high- density

lipoprotein cholesterol; VAI — visceral adiposity index; CRP — C-reactive protein.
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Median of key structural and functional parameters of the heart in various CMDS

Table 2

Tabnwuuya 2
CpepnHue 3Ha4eHUs1 CTPYKTYPHbIX U (hyHKLUNOHaNbHbIX NapamMeTpoB cepAla Ha pa3nuyHbix ctagusax CMDS
General con CMDS 0 CMDS 1 CMDS 2 CMDS 3
e?ner_a 1‘5‘;)0” (n = 36) (n = 69) (n = 57) (n = 19)
Echo parameter 1 2 3 4 Prw
Me Me Me Me Me
[25-75%] [25-75%] [25-75%] [25-75%] [25-75%]
47.0 46.0 47.0 47.0 47.0
LA volume, ml [45.0-49.0] [45.0-47.0] [46.0-49.0] [46.0-49.0] 460500 | 0012
o 35 34 35 35 35
LA dimension, cm [3.4-3.6] [3.4-3.5] [3.4-3.62] [3.4-3.7] [3.4-3.7] 0.001
End-diastolic
interventricular septal 0.9 08 0.9 0.9 0.9 0.016
thickness (VST), o [0.79-0.91] [0.78-0.9] [0.8-0.96] [0.8-1.0] [0.8-0.99]
End-diastolic LV
bosterior wall 0.91 0.9 0.96 0.95 0.99 0.028
thickness (PWT), cm [0.82-1.0] [0.81-0.94] [0.81-1.0] [0.88-1.0] [0.9-1.0]
Relative wall thickness 0.4 0.39 0.4 0.4 0.4 0.390
(RWT) [0.37-0.43] [0.36-0.42] [0.37-0.43] [0.38-0.42] [0.39-0.43] :
LV mass. am 135.28 121.63 135.28 145.03 146.76 0.007
' 9 [113.83-163.92] | [102.08-138.44] | [118.35-162.36] | [114.82-179.8] | [116.58-179.8] :
. 721 67.47 75.22 77.59 68.61
2
LV mass index (9/m?) | 44 49.53 76] [60.91-76.5] [63.0-86.85] (61.02-87.19] | [59.07-88.39] | O194
45 4.3 4.6 4.8 4.8
EDD, cm [4.2-4.9] [4.1-4.67] [4.3-4.9] [4.2-4.9] [4.2-4.9] 0.084
78.0 77.0 78.0 78.0 79.0
EDV, mi [70.0-79.5] [69.0-78.0] 69.0-79.0] [70.0-87.0] 78.0-89.0) | 0004
2.9 2.9 2.9 2.9 2.9
ESD, cm [2.8:3.0] [2.73-2.9] [2.8:3.0] [2.8:3.0] [2.8-3.0] 0.273
29.23 27.64 29.41 30.26 30.42
ESV, mi [26.1-31.2] [24.93:29.14] | [25.98-31.2] [26.6-32.76] 2923356 | 0002
62.0 63.0 62.0 61.2 62.0
0,
EF, % (61.0-63.0] [61.0-64.75] [60.0-63.0] [60.0-63.0] 600620 | 0010
47.58 47.19 474 48.36 48.36
SV, mi [43.4-50.7] [42.37-49.6] [43.55-50.7] [43.4-52.2] [47.4-53.4] 0.090
. 3.52 3.45 3.51 3.52 3.79
CO, Limin [3.17-4.0] [3.09-3.84] [3.17-3.95] [3.11-4.2] [3.38-4.35] 0.062

Note: n — number of participants in a particular group; Me — median [interquartile range, 25" 75" percentile], p, ,, — p-value using
Kruskal-Wallis test to compare four groups. p-values < 0.05 are in bold. Abbreviations: LA — left atrium; LV — left ventricle; EDD — End-
diastolic dimension; EDV — End-diastolic volume; ESD — End-systolic dimension; ESV — End-systolic volume; EF — Ejection fraction;
SV - Stroke volume; CO — Cardiac output.

left ventricular hypertrophy and diastolic and systolic
dysfunction of both ventricles [25].

Undoubtedly, any research conducted to detect
early cardiac changes pertaining to heart failure are
incomplete without studying the level of natriuretic
peptide, a marker of heart failure. Thus, considering
that on the one hand, our study subjects were at risk
for the development of heart failure, and on the other
hand, the presence of heart failure was an exclusion
criterion, we were curious to study N-terminal pro-
Brain Natriuretic Peptide (Nt-proBNP) at various
cardiometabolic risks.

Nt-proBNP levels were investigated in 165 patients.
An increase in Nt-proBNP level > 125 pg/ml (167.5
[143.5 — 207.25] pg/ml) was found in 26 patients
(15.8%). These patients were analyzed for heart failure
with preserved ejection fraction using the appropriate
diagnostic criteria. We did not see any characteristic
symptoms and signs of heart failure.

On comparing the echocardiography data in
individuals with increased and normal Nt-proBNP levels,
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we found lower values of interventricular septal thick-
ness (0.80[0.77 —0.90] cm versus 0.90 [0.80 — 0.94] cm,
p = 0.011) and left ventricular posterior wall thickness
(0.88 [0.80 — 0.92] cm versus 0.92 [0.85 — 1.00] cm,
p =0.016). The remaining structural echocardiographic
parameters in the compared groups, both in the overall
and sex-based cohort, were comparable (p = 0.134 —
0.435). At the same time, hemodynamic parameters
(end diastolic volume and end systolic volume) had a
tendency toward lower values in the group of people
with increased Nt-proBNP (p = 0.084 —0.099), whereas
left ventricular ejection fraction was comparable (p =
0.220). The median values of Nt-proBNP in patients
across various CMDS stages did not differ significantly
(p = 0.260). Lastly, the correlation analysis established
a weak inverse relationship between the Nt-proBNP
levels and waist circumference (r, = -0.257; p = 0.001),
waist-to-hip ratio (r, = - 0.332; p = 0.000), and the level
of visceral fat (r, = -0.205; p = 0.011). These findings
may be explained by the so-called “natriuretic peptide
deficiency” in asymptomatic obese individuals [26].
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In next step we performed correlation analysis
to investigate the association between CMRF and
echocardiographic parameters. Derangements in
carbohydrate and lipid metabolism, increases in BMI,
waist circumference, waist-to-hip ratio, and visceral
obesity parameters were most closely associated with
an increase in pre- and afterload. Among these factors,
visceral fat level demonstrated the strongest correlation
with key echocardiographic parameters such as, left
atrial volume (r, = 0.471; p = 0.000), stroke volume
(r,=0.464; p =0.000), ejection fraction (r,=-0.351; p =
0.000), and end-diastolic volume (r, = 0.563; p = 0.000),
end-diastolic dimension (r, = 0.450; p = 0.000), end-
systolic volume (r, = 0.568; p = 0.000) and end-systolic
dimension (r_ = 0.343; p = 0.000).

Considering the relationship between various
metabolic abnormalities and their parameters,
we conducted a regression analysis to determine
independent predictors of changes in echocardiographic
parameters. Since different phenotypic features of
CMRF were identified in males and females, we
conducted a regression analysis separately for each
of these groups. The results of most significant models
are presented in Table 3.

Thus, an increase in left ventricular and left atrial
volumes and a decrease in ejection fraction in males
were associated with an increase in BMI and athero-
genic cholesterol fractions. In females, the predictors
were visceral fat level and insulin resistance.

Since the level of visceral fat contributes to the
increase in end-diastolic and systolic volumes, an

analysis of hemodynamic parameters was conducted
in cohort that had normal and higher levels of visceral
fat (Table 4). Patients with excess visceral fat levels
had higher left atrial volume and size, end-diastolic
dimension, and end-diastolic and systolic volumes (p =
0.000-0.010).

Considering the significant influence of elevated
visceral fat levels on left atrial and ventricular dimensions
as well as volumes and the fact that the highest
proportion of these patients was found in the CMDS 3
group, we identified a subset of individuals within the
CMDS 3 group who had excess visceral fat levels.
This group also had the highest number of metabolic
disorders and the highest cardiometabolic risk
(CMDS 3). Consequently, we labeled this new group
CMDS 3-overly high. Figure 1 demonstrates changes
in the cardiometabolic profile and hemodynamics with
increasing risk factors.

According to various studies [5, 16, 18], as well
as the echocardiographic data obtained in our study,
young adults with CMDS 3 and CMDS 3-overly high
represent a risk group for the development of not only
CHF, but also CAD and atrial fibrillation which has a
multifactorial origin. Therefore, this group needs to be
promptly examined by a cardiologist for early detection
of these cardiovascular complications and plan early
screening and management strategies. The algorithm
of identification and management is shown in Figure 2.

Analysis of cardiac structure and functional changes
in accordance with their integral risk based on the
CMDS system and demonstrated the alterations in

Table 3
Predictors of changes in echocardiographic parameters obtained using multiple regression analysis
Tabnunua 3
MpeauKTopbl M3MEHEeHU 3xoKkapanorpaduyeckmx napaMeTpoB No pesyrikTaTaM MHOXECTBEHHOro perpeccMoHHOro
aHanusa
Females
. - Standardized
aicmhgter Model Unstandardized coefficients coefficient t p-value R square
P B Standard error Beta

(Constant) 69.621 1.986 35.054 < 0.001

EDV 0.152
VFL 1.064 0.286 0.390 3.716 < 0.001
(Constant) 25.965 0.939 27.651 < 0.001

ESV 0.143
VFL 0.486 0.135 0.379 3.588 < 0.001
(Constant) 46.019 0.455 101.083 < 0.001

LA vol 0.089
volume VFL 0.178 0.065 0.298 2718 0.008

EF (Constant) 62.605 0.340 184.345 < 0.001 0.052

HOMA-IR -0.288 0.140 -0.227 -2.048 0.044 '
Males

(Constant) 51.307 5.464 9.390 < 0.001

EDV 0.248
BMI 1.002 0.198 0.498 5.070 < 0.001
(Constant) 14.354 2.445 5.871 < 0.001

ESV BMI 0.469 0.092 0.493 5.104 < 0.001 0.353
Al 0.899 0.409 0.212 2.200 0.031
(Constant) 40.374 1.062 38.028 < 0.001

LA volume BMI 0.178 0.040 0.449 4.464 < 0.001 0.348
LDL-c 0.556 0.227 0.246 2.450 0.017

EF (Constant) 66.988 1.141 58.722 <0.001 0.185
BMI -0.174 0.041 -0.431 -4.214 < 0.001

Note: Abbreviations: LA left atrium; EDV - End-diastolic volume; ESV — End-systolic volume; EF — Ejection fraction; VFL — visceral
fat level; BMI — body-mass index; LDL-c — low density lipoprotein cholesterol; Al — atherogenicity index; HOMA-IR — homeostatic model

assessment of insulin resistance.
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Table 4

Quantitative characteristics of cardiac structural and functional parameters based on the visceral fat level

Tabnwuuya 4

KonuyecTBeHHas xapakTepucTUKa CTPYKTYPHO-(PYHKLMOHaNbHbIX NOKa3aTenen cepaua ¢ y4eToM yPOBHS BUCLiepanbHOro
Xupa

Normal visceral fat level
(n=171)

Excess visceral fat level
(n=10)

Parameter 1

2 p1.2

Me [25-75%]

Me [25-75%]

LA volume, ml 47.0 [45.0-48.0] 49.0 [47.5-51.2] 0.005
LA dimension, cm 3.5[3.4-3.6] 3.7[3.5-3.9] 0.000
EDD, cm 4.4 [4.2-4.9] 4.9[4.851] 0.001
EDV, ml 78.0 [70.0-79.0] 87.0 [78.0-99.7] 0.007
ESV, ml 29.1[26.1-31.2] 33.1[29.7-38.9] 0.010
EF, % 62.0 [61.0-63.0] 61.0 [60.0-62.2] 0.206

Note: n — number of participants in a particular group; Me — median [interquartile range, 25" —75" percentile], p, ,— Mann-Whitney
significance between normal (1) and higher (2) visceral fat levels. Abbreviations: LA — left atrium; EDD — End-diastolic dimension;
EDV — End-diastolic volume; ESV — End-systolic volume; EF — Ejection fraction; VFL — visceral fat level.

Figure 1. Schematic representation of increasing cardiometabolic abnormalities, pre- and afterload
with progression of CMDS stage.
PuricyHok 1. CxemaTnyHoe n3obpaxkeHne HapacTaHus KapaMoMeTabonmyeckmx HapyLLEHNH,
MOBbILLIEHUSI MPea- 1 NOCTHArpy3ku Ha cepaue npu ysenuueHun ctagum CMDS.

echocardiographic parameters at various stages of
cardiometabolic risk. Considering the assessment of
a combination of factors, they showed that there is an
increase left atrial volume and dimension, interventri-
cular septal thickness, left ventricular posterior wall
thickness, relative wall thickness and LV mass. Similarly,
we saw a statistically significant increase in end-diastolic
and systolic volumes and a decrease in ejection fraction
with an increase in the cardiometabolic risk.

To summarize, our results reflect alterations in car-
diac structure and function with rise in cardiometabolic
risk. With the progression in CMDS there is an increase
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in pre- and after-load. Furthermore, these changes
were also associated with an excess level of visceral
fat, the independent contribution of which was shown
in various statistical analyses. This has allowed us to
identify a subgroup CMDS 3-overly high among young
adults within CMDS 3. Excess levels of visceral fat were
associated with an additional increase in dysmetabolic
changes reflective of adiposopathy (increased levels
C-reactive protein, leptin and insulin, and indices such
as visceral adiposity index and HOMA-IR) as well as
additional increase in the pre- and afterload. Considering
these, we designed an algorithm that helps in stratifying
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Evaluation of cardiometabolic risk factors (CMRF)

* Abdominal obesity; BP >130/85 mm Hg or on antihypertensives; | HDL-c or on lipid lowering drugs; Hypertriglyceridemia
or on lipid lowering drugs

Presence of 1 or 2 Presence of 1 of the || Presence > 2 of the Excess visceral fat
CMRF* following: following: level
+
E o 1. Presence > 3 1. Presence > 3 Presence of 2 of the
= A CMRF* CMRF* following:
- 2. TFG 2.1FG
z © 3.1GT 3.1GT 1. Presence > 3 CMRF*
2.IFG + IGT
CMDS 1 CMDS 2 CMDS 3 CMDS 3-overly high
Echocardiography

With mandatory evaluation of
systolic and diastolic dysfunction

Consultation of
cardiologist

T

Outpatient follow-up and long-term monitoring

Figure 2. Algorithm depicting a differentiated approach for management of patients at various CMDS
to determine indications for echocardiography and cardiology consultation
PucyHok 2. Anroputm guddepeHunpoBaHHOro noaxoaa K Be4eHUo NaunmeHToB Ha pasnmyHbix ctaguax CMDS
C Lenblo onpegeneHuns nokasaHuii K NpOBeEHUI0 3Xokapanorpadum 1 KOHCynbsTaumMmn kapauornora

individuals prone to higher risk of developing CHF, CAD
and atrial fibrillation. This is a case-control and has its
weaknesses, for instance, it is prone to selection bias
and there is no prospective component involved.

Conclusion. In young adults, as the CMDS stage
progresses, there is an increase in the frequency
of insulin resistance, hyperleptinemia, raised non-
HDL cholesterol, raised atherogenicity index, excess
visceral fat level, visceral adiposity index, and levels
of CRP. Furthermore, with an increase in the stage
of CMDS, there is an increase in the left ventricular
end-systolic and diastolic volumes, left atrial volume,
and a reduction in left ventricular ejection fraction.
As shown by various statistical analysis, visceral fat
level resulted in additional increase in cardiac pre- and
afterload, which helped us to identify the group CMDS
3-overly high. Based on these findings, we designed an
algorithm to determine indications for echocardiography
and cardiology consultation especially in individuals
with higher CMDS.
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