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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
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by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Aim of the Study: To provide a comprehensive assessment
of cardiometabolic biomarkers in patients with arterial
hypertension and to analyze their relationship with the presence
of coronary artery disease and atherosclerosis, as well as to
outline directions for further research.

Materials and Methods: A pilot sample of 31 patients with
established arterial hypertension was analyzed. Anthropometric
indicators, lipid parameters, and inflammatory biomarkers were
assessed in relation to documented coronary artery disease and
atherosclerosis.

Results: The strongest associations with coronary artery disease
and atherosclerosis were observed for waist circumference,
BMI, LDL-C, total cholesterol, triglycerides, and systolic blood
pressure. Elevated lipoprotein(a) levels were noted in several
patients without confirmed disease, suggesting possible early
subclinical vascular involvement. These trends are consistent
with previously described cardiometabolic patterns in the
Kazakhstani population.

Conclusion: Comprehensive assessment of anthropometric
and biochemical biomarkers may be useful for early
cardiovascular risk stratification in patients with arterial
hypertension in Kazakhstan. The observed tendencies highlight
potential region-specific features of cardiometabolic risk,
warranting further investigation in larger cohorts.

Key words. Arterial hypertension, cardiometabolic risk,
biomarkers, ischemic heart disease.

Introduction.

Arterial hypertension (AH) remains one of the most significant
risk factors for cardiovascular mortality worldwide [1].
According to the Global Burden of Disease (GBD), clevated
blood pressure is the leading modifiable contributor to
premature death. Despite advances in treatment and prevention,
patients with AH continue to exhibit a high residual risk of
complications, including coronary artery disease (CAD) and
atherosclerotic vascular damage. This underscores the need
for early risk stratification and the identification of biomarkers
capable of detecting subclinical organ and vascular damage [2-5].

The burden of cardiovascular disease is particularly high
in Central Asia, including Kazakhstan, where hypertension
prevalence remains elevated and control rates are suboptimal
[6-13]. Recent national data demonstrate that a substantial
proportion of adults have uncontrolled blood pressure, with
significant disparities between urban and rural populations
[2,14-17]. Mortality from cardiovascular diseases in Kazakhstan
continues to exceed that in many high-income countries,
reflecting persistent gaps in prevention, risk assessment, and
access to care [17]. Furthermore, ethnic heterogeneity, lifestyle
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patterns, dietary habits, and rapid urbanisation may influence
cardiometabolic risk, suggesting that findings from Western
populations may not be fully generalisable to this region [18-
20].

Several recent studies highlight the need for population-
specific approaches to cardiometabolic risk profiling in
Kazakhstan and Central Asia. New cut-off values for
anthropometric indicators such as body mass index and waist
circumference have been proposed based on cardiometabolic
risk patterns unique to the region [21]. Additionally, emerging
evidence demonstrates ethnic variability in lipoprotein(a) levels
and suggests that Kazakhstan may require locally adapted
thresholds for assessing atherosclerotic risk [22-23]. Despite
these important contributions, comprehensive evaluation of
early cardiometabolic biomarkers—including lipid subclasses,
lipoprotein(a), inflammatory markers such as high-sensitivity
C-reactive protein (hs-CRP), and metabolic indicators—remains
scarce in this region. Most available data focus on traditional
risk factors, while biomarker-based risk stratification in
hypertensive patients has not been systematically investigated.

Contemporary ESC/ESH and ACC/AHA guidelines emphasize
the role of multifactorial risk assessment, including an extended
lipid profile, markers of glucose metabolism, and inflammatory
biomarkers. Low-density lipoprotein cholesterol (LDL-C),
apolipoprotein B, waist circumference, body mass index are
recognized as key components of atherogenesis. High-sensitivity
C-reactive protein (hs-CRP) reflects vascular inflammation
and is associated with early stages of atherosclerosis. Despite
the available evidence base, uncertainties remain regarding
the contribution of individual biomarkers to risk formation
in ambulatory patients [6-8]. However, uncertainties remain
regarding the contribution of individual biomarkers to risk
formation in ambulatory patients. Given the high burden
of cardiovascular disease in Central Asia and the limited
availability of region-specific biomarker data, there is a clear
need for exploratory studies that assess the contribution of early
biomarkers to cardiovascular risk among hypertensive patients.
The aim of this pilot study was provide a comprehensive
assessment of cardiometabolic biomarkers in patients with
arterial hypertension and to analyze their relationship with the
presence of coronary artery disease and atherosclerosis, as well
as to outline directions for further research.

Materials and Methods.

This study was conducted as a cross-sectional pilot investigation
including 31 patients with established arterial hypertension.

Clinical and Laboratory Parameters:

For each patient, data were collected on anthropometric
characteristics (height, weight, body mass index, waist and hip
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circumference, waist-to-hip ratio), blood pressure, lipid profile,
inflammatory biomarkers, and other biochemical parameters.

Definition of Outcome Variables:

The presence of coronary artery disease (CAD) and
atherosclerosis was recorded as binary variables (0/1).
Diagnoses were not based on self-report; all information was
extracted from medical documentation, including outpatient
records, imaging reports, and cardiology consultations.

Coronary Artery Disease (CAD):

CAD was considered present if documented by any of the
following:

1. Cardiologist-confirmed diagnosis (ICD-10 120-125).

2. Objective evidence of ischemia (positive stress test or
coronary angiography showing >50% stenosis).

3. History of acute coronary syndrome (myocardial infarction
or unstable angina).

4. Prior coronary revascularization (percutaneous coronary
intervention or coronary artery bypass grafting).

Atherosclerosis:

Atherosclerosis was considered present if documented by:

1. Carotid ultrasonography showing increased intima—media
thickness or plaque.

2. Peripheral arterial imaging indicating atherosclerotic plaque
or stenosis.

3. Coronary angiography demonstrating atherosclerotic
lesions.

Data Sources:

All diagnoses were extracted from official medical records
(electronic charts, laboratory and imaging reports, cardiology
notes). No self-reported diagnoses were used.

Inclusion Criteria:

Patients were included if they:

1. Were >18 years old.

2. Had a documented diagnosis of arterial hypertension.

3. Had available clinical and laboratory data required for
analysis.

Exclusion Criteria:

Patients were excluded if they had:

1. Secondary hypertension.

2. Severe renal impairment (¢eGFR <30 mL/min/1.73 m?).

3. Active malignancy.

4. Recent acute cardiovascular events (within 3 months).

5. Acute infection or inflammatory condition at the time of
testing.

6. Insufficient medical documentation.
Statistical Analysis:

Statistical analysis was performed using StatTech v. 4.10.0
(StatTech LLC, Russia).

Quantitative variables were assessed for normality using the
Shapiro—Wilk test. Variables with normal distribution were
described using mean (M) and standard deviation (SD), with
95% confidence intervals (95% CI) reported as measures
of representativeness. In cases of non-normal distribution,
quantitative data were described using median (Me) and first
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and third quartiles (Q1-Q3).

Comparison of two groups for normally distributed variables
with equal variances was carried out using Student’s t-test;
when variances were unequal, Welch’s t-test was applied. For
non-normally distributed variables, the Mann—Whitney U test
was used. Differences were considered statistically significant
atp <0.05.

Results.

The results of the study are presented in the original tables,
which include descriptive statistics for anthropometric, lipid
and inflammatory markers.

The obtained data demonstrate a pronounced cardiometabolic
burden among patients with arterial hypertension. The observed
values of body mass index (BMI), waist circumference, and
waist-to-hip ratio indicate a high prevalence of abdominal
obesity. These parameters are key components of cardiometabolic
risk and are closely associated with the development of
atherosclerotic processes. Elevated levels of total cholesterol,
low-density lipoprotein cholesterol (LDL-C), and triglycerides
confirm the presence of atherogenic dyslipidemia, which,
according to ESC/EAS guidelines, significantly increases the
risk of cardiovascular complications. These findings underscore
the importance of regular lipid profile assessment during
outpatient monitoring.

The following step was the analysis of differences between
patients with and without atherosclerosis. This represents a key
element of cardiovascular risk assessment, as atherosclerosis
is the morphological foundation of most cardiovascular
complications.

Patients with atherosclerosis were considerably older and
exhibited more pronounced anthropometric and metabolic
disturbances. These findings are consistent with the pathogenic
understanding of atherosclerosis, in which age, visceral obesity,
elevated LDL-C, and inflammatory processes serve as major
determinants of disease progression.

In addition to anthropometric and hemodynamic parameters,
several lipid profile components also demonstrated clinically
relevant trends. Patients with atherosclerosis showed
numerically higher levels of LDL-cholesterol, total cholesterol,
and triglycerides, indicating a shift toward a more atherogenic
lipid pattern, although statistical significance was not reached
due to the small sample size. Notably, elevated lipoprotein(a)
values were observed in some patients without confirmed
atherosclerosis, which may suggest early subclinical vascular
involvement.

To complement the analysis, differences between patients with
and without coronary artery disease (CAD) were examined.
This stage allows for evaluation of the contribution of different
biomarkers to the risk of coronary events and confirms the
patterns identified in earlier sections.

The higher BMI, waist circumference, systolic blood pressure,
and biochemical parameters among patients with CAD
correspond to established mechanisms of atherogenesis and
are in line with findings from large cohort studies, such as the
Framingham Heart Study. These data emphasize the importance
of early identification of patients with excess body weight and
metabolic disturbances.



Table 1. Descriptive Statistics of Quantitative Variables.
Indicators M +£SD/Me 95% CI/Q1-Q:s min max
Age, years, M + SD 49.13 +13.81 44.07 - 54.19 24.00 73.00
Height, m, Me 1.69 1.65-1.72 1.58 1.92
Weight, kg, Me 78.00 73.00 — 85.00 63.00 110.00
Body Mass Index (BMI), M + SD 28.26 £4.10 26.75 -29.76 21.72 39.26
Waist circumference, cm, Me 88.00 79.50 - 93.50 75.00 120.00
Hip circumference, cm, Me 91.00 86.00 — 94.00 80.00 120.00
Waist-to-hip ratio (WHR), Me 0.98 0.94-0.99 0.77 1.04
Systolic blood pressure (SBP), mmHg, Me 130.00 120.00 — 130.00 110.00 140.00
Diastolic blood pressure (DBP), mmHg, Me 80.00 80.00 — 80.00 70.00 80.00
Heart rate, bpm, Me 75.00 72.00 — 76.00 65.00 80.00
Creatinine, pmol/L, Me 65.06 65.06 — 65.06 39.60 90.70
Urea, mmol/L, Me 5.78 5.78—-5.78 2.97 7.40
ALT, U/L, Me 30.70 30.70 - 30.70 15.70 106.00
AST, U/L, Me 18.00 18.00 — 18.00 15.01 41.90
Total cholesterol, mmol/L, Me 6.42 6.19 -6.46 3.50 10.10
HDL cholesterol, mmol/L, Me 1.45 1.45-1.45 0.91 2.93
LDL cholesterol, mmol/L, Me 4.05 3.35-427 1.47 8.60
Triglycerides, mmol/L, Me 1.39 1.39-1.39 0.74 5.07
Atherogenic index, Me 2.92 2.92-292 2.00 3.60
Apolipoprotein A1, g/L, Me 1.57 1.57-1.57 1.30 1.86
Apolipoprotein B, g/L, Me 1.11 1.11-1.11 0.90 1.27
hs-CRP (cardio), mg/dL, Me 0.25 0.25-0.25 0.06 0.47
Lipoprotein(a), mg/dL, Me 70.00 15.91 — 166.94 0.06 409.00
Glucose, mmol/L, Me 5.74 5.74-5.74 4.63 12.49
Table 2. Descriptive Statistics of Quantitative Variables by Atherosclerosis Status.

. Atherosclerosis
Indicators . N . " p-value

Diagnosis- Diagnosis+

Age, years, M (SD) 44.28 (15.22) 55.85(8.01) 0.011*
Height, m, M (SD) 1.69 [1.65; 1.71] 1.66 [1.63; 1.73] 0.365
Weight, kg, Me [IQR] 75.00 [68.25; 84.75] 80.00 [78.00; 88.00] 0.054
Body Mass Index (BMI), M (SD) 27.24 [23.49; 30.53] 29.36 [28.01; 30.47] 0.101
Waist circumference, cm, Me [IQR] 85.00 [76.00; 93.75] 89.00 [88.00; 92.00] 0.100
Hip circumference, cm, Me [IQR] 89.00 [82.25; 94.00] 92.00 [91.00; 110.00] 0.039*
Waist-to-hip ratio (WHR), Me [IQR] 0.96 [0.94; 0.99] 0.98 [0.95; 0.99] 0.575
Systolic BP (SBP), mmHg, Me [IQR] 130.00 [120.00; 130.00] 130.00 [130.00; 140.00] 0.039*
Diastolic BP (DBP), mmHg, Me [IQR] 80.00 [80.00; 80.00] 80.00 [80.00; 80.00] 0.783
Heart rate, bpm, M (SD) 74.50 [72.00; 75.75] 76.00 [70.00; 76.00] 0.347
Creatinine, pmol/L, Me [IQR] 65.06 [65.06; 65.06] 65.06 [65.06; 68.00] 0.054
Urea, mmol/L, Me [IQR] 5.78 [5.78; 5.78] 5.78 [5.78; 6.00] 0.004*
ALT, U/L, Me [IQR] 30.70 [30.70; 30.70] 30.70 [22.90; 30.70] 0.160
AST, U/L, Me [IQR] 18.00 [18.00; 18.00] 18.00 [18.00; 18.00] 0.417
Total cholesterol, mmol/L, Me [IQR] 6.42 [6.42; 6.42] 6.42 [5.65; 8.41] 0.600
HDL cholesterol, mmol/L, Me [IQR] 1.45[1.45; 1.45] 1.45[1.45; 1.47] 0.083
LDL cholesterol, mmol/L, Me [IQR] 4.05 [4.05; 4.05] 4.24[3.10; 5.62] 0.594
Triglycerides, mmol/L, Me [IQR] 1.39[1.39; 1.39] 1.39[1.07; 2.68] 0.681
Atherogenic index, Me [IQR] 2.92[2.92;2.92] 2.92[2.92;2.92] 0.708
Apolipoprotein A1, g/L, Me [IQR] 1.57 [1.57; 1.57] 1.57 [1.57; 1.57] 0.092
Apolipoprotein B, g/L, Me [IQR] .11 [1.11; 1.11] .11 [1.11; 1.11] 0.662
hs-CRP (cardio), mg/dL, Me [IQR] 0.25[0.25; 0.25] 0.25[0.25; 0.25] 0.142
Lipoprotein(a), mg/dL, Me [IQR] 66.67 [26.76; 114.55] 70.00 [11.30; 217.00] 0.689
Glucose, mmol/L, Me [IQR] 5.74 [5.74; 5.74] 5.74 [5.74; 5.74] 1.000

122




Table 3. Descriptive Statistics of Quantitative Variables by CAD Status.

Indicators

Age, years, M (SD)

Height, m, M (SD)

Weight, kg, Me [IQR]

Body Mass Index (BMI), M (SD)
Waist circumference, cm, Me [IQR]
Hip circumference, cm, Me [IQR]
Waist-to-hip ratio (WHR), Me [IQR]
Systolic BP (SBP), mmHg, Me [IQR]
Diastolic BP (DBP), mmHg, Me [IQR]
Heart rate, bpm, M (SD)

Creatinine, pmol/L, Me [IQR]

Urea, mmol/L, Me [IQR]

ALT, U/L, Me [IQR]

AST, U/L, Me [IQR]

Total cholesterol, mmol/L, Me [IQR]
HDL cholesterol, mmol/L, Me [IQR]
LDL cholesterol, mmol/L, Me [IQR]
Triglycerides, mmol/L, Me [IQR]
Atherogenic index, Me [IQR]
Apolipoprotein Al, g/L, Me [IQR]
Apolipoprotein B, g/L, Me [IQR]
hs-CRP (cardio), mg/dL, Me [IQR]
Lipoprotein(a), mg/dL, Me [IQR]
Glucose, mmol/L, Me [IQR]

CAD

Diagnosis-

39.06 (9.68)

1.70 [1.69; 1.73]
73.00 [68.00; 85.00]
25.26 [23.46; 29.76]
80.00 [76.00; 92.00]
86.00 [82.00; 93.00]
0.94 [0.93; 0.99]

120.00 [120.00; 130.00]

80.00 [80.00; 80.00]
75.00 [72.00; 76.00]
65.06 [65.06; 65.06]
5.78 [5.78; 5.78]
30.70 [30.70; 30.70]
18.00 [18.00; 18.00]
6.42 [6.30; 6.42]

1.45 [1.45; 1.45]
4.05 [3.42; 4.05]
1.39[1.39; 1.39]
2.92[2.92;2.92]

1.57 [1.57; 1.57]
1111115 1.11]
0.25 [0.25; 0.25]
71.48 [47.35; 126.00]
5.74 [5.74; 5.74]

Table 4. Analysis of Waist Circumference by CAD and Atherosclerosis Status.
Waist Circumference, sm

Indicators Categories
Diagnosis-
CAD LTS
Diagnosis+
. Di is-
Atherosclerosis %agnos¥s
Diagnosis+

* — The differences in indicators are statistically significant (p < 0.05).

Me

80.00
92.50
85.00
89.00

Table 5. Analysis of BMI by CAD and Atherosclerosis Status.

Indicators Categories
Diagnosis-
CAD OB00%
Diagnosis+
. Diagnosis-
Atherosclerosis . £ .
Diagnosis+

BMI
Me
25.26
30.66
27.24
29.36

Diagnosis+ p-value
61.36 (5.56) <0.001%
1.65[1.61; 1.66] 0.001*
81.50 [78.00; 85.00] 0.049*
30.66 [28.81; 31.22] <0.001%
92.50 [88.25; 94.00] 0.003*
94.00 [91.00; 107.00] 0.001*
0.98 [0.96; 1.00] 0.077
130.00 [130.00; 137.50] 0.009*
80.00 [80.00; 80.00] 0.340
73.00 [70.50; 76.00] 0.504
65.06 [65.06; 67.27] 0.302
5.78 [5.78; 6.00] 0.005*
30.70 [30.70; 30.70] 0.164
18.00 [18.00; 18.00] 0.095
6.42 [6.17; 7.11] 0.492
1.45[1.45; 1.45] 0.616
4.08 [3.34; 4.56] 0.239
1.39[1.39; 1.39] 0.910
2.92 [2.92;2.92] 0.183
1.57[1.57; 1.57] 0.954
.11 [1.11; 1.11] 0.255
0.25[0.25; 0.25] 0.556
46.62 [12.45; 254.50] 1.000
5.74 [5.74; 5.74] 0.454
Q- Qs n p-value
76.00 —92.00 17
88.25-94.00 14 0.003*
76.00 —93.75 18
88.00 — 92.00 13 0.100
0i- Qs n p-value
23.46 —29.76 17
28.81-31.22 14 <0.001%
23.49 -30.53 18
28.01 —30.47 13 0101

Lipid profile analysis revealed similar tendencies. Patients
with CAD tended to exhibit higher LDL-C, total cholesterol,
and triglyceride concentrations, aligning with established
atherogenic patterns. Although these differences were not
statistically significant, the directionality was consistent across
indicators. Importantly, several individuals without documented
CAD showed elevated lipoprotein(a) levels, which may reflect
early stages of subclinical vascular risk and highlights the
relevance of Lp(a) assessment in hypertensive patients.

Based on the data, a statistically significant difference in waist
circumference was found between patients with and without
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CAD (p = 0.003). No significant difference was identified when
comparing waist circumference by atherosclerosis status (p =
0.100), according to the Mann—Whitney U test.

The evaluation of BMI revealed substantial differences
in relation to CAD status (p < 0.001), while no statistically
significant differences were observed when comparing BMI
by atherosclerosis status (p = 0.101). These findings reinforce
the role of BMI and waist circumference as markers of visceral
obesity and predictors of early atherosclerotic processes. The
results align with ESC/EAS recommendations, which classify
visceral obesity as an important determinant of elevated
cardiometabolic risk.



A comprehensive analysis of all biochemical parameters by
CAD and atherosclerosis status was conducted; however, no
statistically significant differences were identified (Mann—
Whitney U test).

Discussion.

The findings of this pilot study highlight the importance of a
comprehensive biomarker assessment in patients with arterial
hypertension. While several observed associations align with
established evidence from large epidemiological studies, the
results also reveal trends that may be particularly relevant to the
Kazakhstani population.

Anthropometric parameters—especially waist circumference
and BMI—emerged as the most influential factors, consistent
with ESC/ESH and ACC/AHA guidelines [4,5] and the
INTERHEART study [9], which identified visceral adiposity
as an independent predictor of CAD. Notably, the magnitude
of anthropometric differences between CAD-positive and
CAD-negative patients in our cohort was greater than typically
reported in Western populations, suggesting that central obesity
may exert a stronger relative effect on cardiovascular risk in
Kazakhstan. This is supported by regional studies showing high
prevalence of obesity, early hypertension onset, and worsening
cardiometabolic risk [14-18].

Lipid parameters, particularly LDL-C and total cholesterol,
demonstrated clinically meaningful trends compatible with
atherogenesis. Although statistical significance was limited by
the small sample size, the directionality of findings corresponds
with patterns seen in Kazakhstan and Central Asia, where
atherogenic dyslipidemia remains highly prevalent [14-17,20-
23]. Importantly, lipid abnormalities were present even in some
patients without confirmed CAD or atherosclerosis, suggesting
early subclinical vascular involvement.

Glucose and hs-CRP showed expected tendencies consistent
with JUPITER and CANTOS [10-13]. Elevated inflammatory
markers in patients without clinical cardiovascular disease
may reflect early vascular activation influenced by lifestyle,
diet, and genetic heterogeneity typical of Kazakhstan [18-23].
Overall, although classical risk pathways are preserved, their
relative strength and clinical manifestation in Kazakhstan may
differ from Western cohorts. Thus, this pilot study does not
merely reinforce established truths but provides preliminary
region-specific evidence suggesting unique trajectories of
adiposity, lipid abnormalities, and inflammation shaping
cardiovascular risk in Kazakhstani hypertensive patients.

The limitations include the small sample size, incomplete
biomarker data, absence of imaging validation of CAD and
atherosclerosis, and potential multicollinearity. Despite these
constraints, the findings support the need for broad biomarker
assessment in outpatient practice and justify a larger prospective
study.

Thus, a multifactorial evaluation of anthropometric, lipid,
inflammatory, and metabolic markers can enable early detection
of vascular injury and inform the development of personalized,
region-adapted management strategies for Kazakhstan.

Conclusion.

This pilot study identified several promising cardiovascular
risk biomarkers in patients with arterial hypertension, including
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anthropometric indicators and lipid parameters, with trends
suggesting a potentially stronger contribution of central obesity
and atherogenic dyslipidemia in the Kazakhstani population. A
comprehensive assessment of these biomarkers may improve
early risk stratification and support the development of region-
adapted approaches to cardiovascular prevention. Larger studies
are required to validate these findings and refine the prognostic
value of the identified markers for this population.

REFERENCES

1. GBD 2021 Pulmonary Arterial Hypertension Collaborators.
Global, regional, and national burden of pulmonary arterial
hypertension, 1990-2021: a systematic analysis for the Global
Burden of Disease Study 2021. The Lancet. Respiratory
Medicine. 2025;13:69-79.

2. Bekbergenova Z, Derbissalina G, Umbetzhanova A, et al.
EVALUATION OF THE CLINICAL EFFECTIVENESS OF
THE SCREENING PROGRAM OF CARDIOVASCULAR
DISEASES. Georgian Med News. 2020;300:54-59.

3. Marza-Florensa A, Vaartjes I, Graham I, et al. A Global
Perspective on Cardiovascular Risk Factors by Educational
Level in CHD Patients: SURF CHD II. Glob Heart. 2024;19:60.
4. Williams B, Mancia G, Spiering W, et al. 2023 ESC/ESH
Guidelines for the management of arterial hypertension. Eur
Heart J. 2023;44:2815-2981.

5. Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/
AHA Guideline on the primary prevention of cardiovascular
disease. Circulation. 2019;140:€596-e646.

6. Mershenova G, Kossybayeva M, Chancharov B, et
al. FEATURES OF ARTERIAL HYPERTENSION IN
THE WORKING POPULATION. Georgian Med News.
2017;262:65-70.

7. Shi L, Wei Y, Yu H, et al. RELATIONSHIP BETWEEN
LIPID PROFILES AND RISK OF HYPERGLYCEMIA
IN HYPERTENSIVE AND OBESITY PATIENTS: A
MULTIVARIATE ANALYSIS. Georgian Med News.
2025;360:158-165.

8. Gordienko L. PREVENTIVE MEASURES FOR ARTERIAL
HYPERTENSION RISK FACTORS AMONG MEDICAL
STAFF OF FEOFANIYA CLINICAL HOSPITAL OF STATE
MA-NAGEMENT DEPARTMENT. Georgian Med News.
2020;308:67-71.

9. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially
modifiable risk factors associated with myocardial infarction
in 52 countries (the INTERHEART study): case-control study.
Lancet (London, England). 2004;364:937-952.

10. Ridker P.M, Pradhan A, MacFadyen J.G, et al.
Cardiovascular benefits and diabetes risks of statin therapy in
primary prevention: an analysis from the JUPITER trial. Lancet
(London, England). 2012;380:565-571.

11. Hoshi R.A, Alotaibi M, Liu Y, et al. One-Year Effects of
High-Intensity Statin on Bioactive Lipids: Findings from the
JUPITER Trial. Arteriosclerosis, Thrombosis, and Vascular
Biology. 2024;44:€196-¢206.

12. Ajala O.N, Demler O.V, Liu Y, et al. Anti-Inflammatory
HDL Function, Incident Cardiovascular Events, and Mortality: A
Secondary Analysis of the JUPITER Randomized Clinical Trial.



Journal of the American Heart Association. 2020;9:¢016507.
13. Ridker P.M, MacFadyen J.G, Everett B.M, et al. Relationship
of C-reactive protein reduction to cardiovascular event
reduction following treatment with canakinumab: a secondary
analysis from the CANTOS randomised controlled trial. Lancet
(London, England). 2018;391:319-328.

14. Yerdessov S, Kadyrzhanuly K, Sakko Y, et al. Epidemiology
of Arterial Hypertension in Kazakhstan: Data from Unified
Nationwide Electronic Healthcare System 2014-2019. J
Cardiovasc Dev Dis. 2022;9:52.

15. Mukhtarkhanova DM, Junusbekova GA, Tundybayeva
MK, et al. Arterial Hypertension and Associated Risk Factors in
Kazakhstan: An Analysis of Blood Pressure Screening Results
from May Measurement Month 2021-2023. Cardiol Ther.
2025;14:283-296.

16. Supiyev A, Kossumov A, Utepova L, et al. Prevalence,
awareness, treatment and control of arterial hypertension in
Astana, Kazakhstan. A cross-sectional study. Public Health.
2015;129:948-53.

17. Junusbekova G, Tundybayeva M, Akhtaeva N, et al. Recent
Trends in Cardiovascular Disease Mortality in Kazakhstan.
Vasc Health Risk Manag. 2023;19:519-526.

18. Aringazina A, Kuandikov T, Arkhipov V. Burden of the
Cardiovascular Diseases in Central Asia. Cent Asian J Glob
Health. 2018;7:321.

19. Kontsevaya A.V, Myrzamatova A A.O, Polupanov A.G, etal.
ETHNIC SPECIFICS OF THE MAIN CARDIOVASCULAR
RISK FACTORS PREVALENCE AMONG RURAL
INHABITANTS OF A RUSSIAN REGION AND REGIONS
OF KYRGYZSTAN AND KAZAKHSTAN. Russian Journal
of Cardiology. 2017;6:113-121.

20. Facchini F, Fiori G, Bedogni G, et al. Prevalence of
overweight and cardiovascular risk factors in rural and urban
children from Central Asia: the Kazakhstan health and nutrition
examination survey. Am J Hum Biol. 2007;19:809-820.

21. Kali A, Gusmanov A, Aripov M, et al. Proposing new
body mass index and waist circumference cut-offs based on
cardiometabolic risks for a Central Asia population: A feasibility
study. Front Endocrinol (Lausanne). 2022;13:963352.

22. Bekbossynova M, Aripov M, Ivanova-Razumova T, et al.
Proposing new lipoprotein (a) cut off value for Kazakhstan:
pilot study. Front Cardiovasc Med. 2024;11:1468566.

23. Bekbossynova M, Ivanova-Razumova T, Myrzakhmetova
G, et al. Ethnic Variation in Lipoprotein(a) Levels in the
Kazakhstan Population. J Clin Med. 2025;14:6336.

3OEIMHO0 3039M@9b%boom Q55350900
353096¢9dd0 39M0MIYEHIOMEOHO MolLzoL
00m3oM39MgdO: JGHomo 30MGHMO0 330939
2399d0Ms ©9MBdOLOE0bs?, obsgryem
093096396m30t,  5003mD  MI¥YGHbM3st,  gyenlimd
00099 Hd935", d)wbsts 89©Yd935?
15A0 «UBEOBIL LodgoEobm M6039MLoGE0»,
531969, goHabgmob 913035
25A0 «gobobgmols 96360 LodgoEobm

Mb03gMLoGgAHo L. ©. sbg8gbos®™mzol Labgwmdol»,
53500, YoBobgomols Hglidmdeo3s

125

bm@oios
Logdol  BoBsbo:  sOGHIMOMwo  3039MEgbBool  TJmbg
3530969000  35MEO0MIYBHVMEMMO  doMISMINMIOOL

3M339JuMHo Jgg3sligds @S 3500 SbME0MYdOL sbserobo
30MMbsGMmo  sHBHIMH0O0L 9350 gdLmsb  (CAD)
©s  SMYIOHMLIXgOMDMb, slggg Fgdamdo  33erg30L
00056009 gdgd0L A5bLSBOZMS.

dLoegdo s dgomgdo:  Igbhogeroe  odbs 31
353096¢)0L  Jowm@mo  bodwmdo  ©sILEGMMHIdIMWO
NOTORGleryIue) 30396 3H9b%ooom. 99535b>
boOM3mIgBHOoMwo  dsh39bg0wgdo, ©w0300MHO
©5  3E30mBol  d9FodMEoBIol  JoM5F9EM9d0, 1939
bmgdom  30mdsezggdo, MHMIwgdoz  3OHMbsG¥wo
3MGIO0JOIOL 093950 JOSLS O S0GOMUIIXIOMDMD
©M31995GH0M0ME 8bszqdgdmsb 0gbs 89353006090 e0o.
390092900: 300OMBOM0 SOEHIMO0OOL 5350 OLMD
5 5S0IOMUZWIOMDMD Y39 sy dewogho sbimEos30gdo

398m3w0bs  fgwol  smgdmfgHowmdols, bbgmols
ool 0obgdbols (BMI), LDL—Jmegl@geobol, LasgHomm

JgbBg®obols, GHMoyoEgMoadol s LobEHMEWYOHO
sOGgMoMmo  (i6ggolb dododom. ®s9gbody 3s309b@do,
HMIgdLOE 9O 3dMbID 9350000l IILEIMGdIMO
GO, 500b60dbgdMEo ©@03m36H™mEgob(a)-U
0m35BHndmEo  mbg, Gog Tgboderms  HoMImoygbogl
Lolbds®mmamazsbo H0sbgd0L 1030060 3GO
3MYNYO g3vbob 05b396909w L. 50b0dbmo
39609630900 8ggLsdsdgds  gsBobgmol  dmbsbergmdsdo
50F9H0E 35MmE0MIGEOMMME 053090v)MYOIOU.
©ol33bs:  bBM3MIgBHGoMo @  domgdodonMo
00m3sM39MHgd0L  3MI3gdumMo  Tgxzslgds  Ggodergds
9839930560 0gmlb  sOGHIMoMmo  3039M@EHgbbool  IJmby
35309639000 3-bolberds®mgmgzsbo MolLzol
3MYMYO LEHOSEG0B03300LSMZ0L goBabgmol
3060mdqdd0. 4s9mgegboo 39babiEogdo dJommomgdl
39M0MIYES0MEYOHO MHobzoL 3mG9b30M
H9200bmw  1530L939M90)0DY, o3 LSFOMHMIdL YRGM
BoM0MToLIEBH9005b 3garggsb.

BUOMAPKEPBI KAPJUOMETABOJHUYECKOI'O
PUCKA V TIAIIMEHTOB C APTEPUAJILHOU
TANEPTEH3UENA: TIONEPEYHOE TMNHUJOTHOE
HUCCIIEJOBAHUE

I'ynemupa [lepOucanuna’, Kanaryns bBekOeprenona’,
Asro3 Ymoer:kanosa', I'ynecym Mayner6aesa’, I'yabnapa
benenndaeBa?

'HAO «Meoduyunckuii yHusepcumem Acmanay, Acmana,
Pecnybnuxa Kazaxcman

’HAO «Kaszaxckuil HayuoHanbHbIIMeOUYUHCKUTLY HUBEpCUMem
um. C. JI. Achenousposay, Anmamul, Pecnyoauxa Kasaxcman
A0cTpakT

Hean HCcJae0BaHUSA: Kommekcnas OIICHKA
KapauoMeTaboNMdeckuX OHOMapKepoB Yy IAIHEHTOB C
aprepuanbHOl runeprensueil (Al') m mpoaHalM3MpOBaTH MX
CBA3b C HamuuumeM wumemmdeckord Oonesnn cepama (MBC)
U aTepOCKIepo3a, a TAKXKE OINPEICIUTh HAIpaBICHUS IS
JNaNbHEHIINX UCCIIeJOBaHUH.

Matepnansl H MeTOABI HCCIeJOBaHHS: B mmioTHOe
UCCIICJJOBAaHHEC BKIIOUCHH! 31 MAIMeHT C YCTAaHOBJICHHOM



ATl'.  OueHuBaJMCh  AHTPOIIOMETPUYECKHE  ITOKA3ATENH,
mapaMeTphl JIUIHIHOTO OOMEHa, BOCHANMTEIBHBIE MapKephl
u ux accoumauuu c Hammuunem WBC u arepockieposa,
TTOITBEPKAEHHBIX IO MEAUIIUTHCKON TOKYMEHTAIIHH.

PesyabTaThl  mccienoBanus: Hambomee BeIpakeHHBIS
accormmanimt ¢ MBC ® arepockiepo3oM BBIABICHBI IS
OKPY)KHOCTH TaluM W WHIEKCAa MAacCchl Tela, YpOBHEH
JITTHII, ofmiero xolecTepWHA W TPUTIUICPUIOB, a TaKKe
CUCTOIIMYECKOTO  apTepuanbHOro  maBieHus. OrTMedeHa
TEHACHINSA K TMOBBIINICHHBIM 3HAYCHHUAM JIAIIONIPOTEHHA(a) Y
4yacTH manueHToB 6e3 noareepxxaéunoit UbC u arepockieposa,
9TO MOXKET OTpakaTh paHHHE NPU3HAKU CYOKITMHHYECKOTO
COCYyIUCTOTO pucKa. [lomydeHHBIE MaHHBIE COTJIACYIOTCS C
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PETHOHATIBHBEIME ~ OCOOCHHOCTSIMH ~ KapIUOMETa0O0IUIECKOTO
npo¢wis, onmucaHHbIMU i1 Kazaxcrana.

3akiouyenue: KomruiekcHast OlleHKa aHTPOIIOMETPUUECKUX U
71a00paTOPHBIX OMOMAPKEPOB MOXKET OBITH MOJIC3HA JIJIS paHHEH
CTpaTH(UKALUU CEPIICIHO-COCYAUCTOTO PUCKA y TAI[MEHTOB C
AI' B Kazaxcrane. BbisiBieHHbIE TEHICHIMH MOAYEPKUBAIOT
BO3MOXKHBIC PETHOHANBHBIC O0COOCHHOCTH (HOPMHUPOBAHUS
KapAHOMETa00IMIECKOTO PUCKA, YTO TpeOyeT JaibHEHIIero
U3y4eHus B 00Jiee KPYITHBIX BEIOOPKAX.

KaroueBbie cJIoBA. apTepualibHas TUNIEPTEH3HS,
KapAMOMETa00INIeCKUI PHUCK; OHOMapKephl; HIIeMUYecKas
00JIe3HB Cep/IIa; aTePOCKICPO3; TUMHIHBIN MPODUIb.
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