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Abstract

Introduction: Renal dysfunction is recognized as a major global public health issue, with an estimated worldwide
prevalence of up to 13.4%. Patients with renal dysfunction represent a growing proportion of the PCI population. At the same
time, patients with chronic kidney disease are at high risk of adverse cardiovascular events.

Objective: To evaluate the relationship between the Klotho protein and traditional cardiovascular risk markers in patients
with ST-segment elevation myocardial infarction (STEMI) combined with renal dysfunction.

Materials and Methods:

Design: Cross-sectional clinical study.

Timeline: 2022-2023.

Location: The department of Cardiac surgery of the hospital at NJSC “Medical University of Semey.”

The study methods included evaluation of residual platelet reactivity and measurement of serum Klotho protein levels.

Results: A total of 123 patients were included. An inverse correlation was found between age and Klotho protein level
(Rho = -0.673; p < 0.001). A direct correlation was found between estimated glomerular filtration rate (GFR) and serum
Klotho (Rho = 0.463; p < 0.001). Additionally, for the first time, a correlation between Klotho and total cholesterol (Rho = -
0.417; p < 0.001) and C-reactive protein (Rho = -0.416; p < 0.01) was demonstrated.

Conclusion: In patients with ST-segment elevation myocardial infarction (STEMI) and GFR < 60 mL/min/1.73 m?,
assessment of serum Klotho levels may serve as an early and independent biomarker of renal dysfunction and a predictor of
adverse cardiovascular outcomes.

Keywords: Klotho protein, ST-segment elevation myocardial infarction, renal dysfunction, aggregometry, residual
platelet reactivity.

For citation:

Zhunuspekova A.S., Karazhanova L.K., Mansurova J.A., Orekhov A.Y., Akkaliyev M..N., Kozhabayeva A.D, Kapakova
M.A, Satieva G.S., Ashirov B.A. Clinical Significance of Serum Klotho Levels in Patients with STEMI and Renal Dysfunction //
Nauka i Zdravookhranenie [Science & Healthcare]. 2025. Vol.27 (2), pp. 62-69. doi 10.34689/SH.2025.27.2.008

Pestome

KINUWHUYECKOE 3HAYEHME CbIBOPOTOYHOIO YPOBHA KLOTHO
Y NAUMEHTOB C MHOAPKTOM MUNOKAPOA C NOABEMOM
CErMEHTA ST U MOYEYHOU OAUCOYHKLIUENA

Ancyny C. XXyHycnekoBa, https://orcid.org/0000-0002-2413-317X
JIogmuna K. KapaxxaHoBa1, https://orcid.org/0000-0002-4719-6034
Dxamuna A. MancypoBsal, https://orcid.org/0000-0003-2439-2056
AHppen 0. Opexos1, https://orcid.org/0000-0001-7201-1399
Mepxar H. Akkanues1, https://orcid.org/0000-0003-3122-7411

62



Hayka u 3apaBooxpanenue, 2025 T.27 (2) OpurnHajbHoe HCcJIeT0BaHne

AHap 1. Koxxabaesa, https://orcid.org/0000-0003-4132-6755
Muprynb A. Kanakoea1, https://orcid.org/0000-0003-4186-8933
Fynbpaywan C. Catuera2,

Bonar A. Auumpos3, https://orcid.org/0000-0003-0242-9700

i HAO "MepguuuHckun yHuBepcuteT Cemen”, r. Cemen, obnactb A6amn, Pecny6nuka KasaxcraH;
YupexaeHue «lMobepa», r. Cemen, Pecny6nuka KasaxcraH;
® JoxHo-KasaxcTaHcKas MeAMUMHCKas akaaemus, r. LLbIMKeHT, Pecny6nuka KasaxcTaH.

BBepeHue: MNoyeyHas AMCHYHKLMS Npu3HaHa BedyLuen npobremoi oBLIeCcTBEHHOrO 3paBOOXPaHEHUS BO BCEM MUPE,
ee rnobanbHas pacnpocTpaHeHHOCTb oueHuBaeTcs A0 13,4%. MaumeHTbl ¢ MOYEYHON AWMCGHYHKUMENR COCTaBNSKT BCe
Gonblwyto gonto nonynauun YKB. Mexay Tem, nauweHTtsl ¢ XBI1 noaBepeHbl BbICOKOMY pucky HebnaronpusiTHbIX
CepAeYHO- COCYAUCTbIX COOBITUN.

Lenb: Ouenka cBsisu benka Klotho ¢ TpaguuMoHHBIMM MapkepaMmn CEpaeYHO - COCYAMCTOrO0 pucka y MaLMeHTOB C
MH(APKTOM MMOKapaa C NoAbEMOM cermeHTa ST B coueTaHUM C NOYEUHOM AMCHYHKLMEN.

Matepuanbl n meToAbl: [u3aiiH: nonepeyHoe KnuHMYeckoe wuccnepoBaHue. Cpoku BbinonHeHus 2022-2023rr.,
npoBefeHO Ha Da3se kapamoxuMpyprudeckoro otgeneHus yHusepeutetckoro rocnutans HAO «MeguumHckuin yHuBepcuTeT
Cement». MeTogpl MCCNEAOBaHUS BKMKOYaNM OLEHUBaHWE OCTaTOYHON PEaKTUBHOCTb TPOMBOLIMTOB M OnpeseneHne ypoBHS
Benka Klotho.

PesynbTatbl uccnepoBaHusi: B uccnemoBaHne Obimv  BknoueHbl 123 nmaumenTa. OnpegeneHbl: obpaTHas
KoppensL“oHHas B3anMMOCBA3b MeXAy Bo3pacToM 1 yposHeM benka Klotho (Rho=-0,673; p<0,001), mexay BennuuHoin CKP
N CbIBOpPOTOYHbIM ypoBHeM Oenka Klotho ycraHoBneHa npsimas koppensuuoHHas 3asucumoctb (Rho=0,463; p<0,001).
Kpome Toro Hamm Bnepable nokasaHo Hanuumne koppensauum Klotho ¢ yposHem obiuero xonectepuHa (Rho=-0,417; p<0,001)
u nokasatensmu C - peaktueHoro 6enka (Rho=-0,416;p<0,01).

3akntoyenue: Y 6onbHbix ¢ UMnST npu cHkerun CK® meHee 60 mn/mun/1,73M2 LenecoobpasHo M3yyeHne ypoBHS
MopdoreHeTu4yeckoro 6enka Klotho, SBnstoLWEro paHHUM HE3ABMCUMbIM MAPKEPOM MOYEYHONA AUCHYHKLMM 1 NPEANKTOPOM
HebnaronpusTHLIX KapAMOBACKYNSIPHbIX OCNOXHeHuA npu UMnST.

Knroyeebie cnoea: 6enok Klotho, uHgpapkm muokapda ¢ nodvemom ceameHma ST, nouedHas OUCHYHKUUS,
azpeeomempusi, 0CMamoyHasi peakmusHoCms mpomboyumos.
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Kipicne: byiipek KblameTiHiH, Oy3binybl 6yriHae xahaHablK AeHcaynblk cakTay canacbiHaarsl 6acTbl MacenenepaiH, bipi
peTiHAe TaHbIMbIN OTbIP. AMUAEMUONOTUANBIK 3ePTTeyNepre Calikec, OHbIH Xahanablk Tapanybl 13,4%-Fa geiiH xeTesi.
LLleTkepi kopoHapnblk apanacy (LLIKA) xyprisineTiH HaykacTap apacbiHga Oynpek KbiameTi Oy3binFaHaapablH, YNeci apTbin
kenegi. Byn xanbIKTbiH, KapTatobiMeH XaHe KaTap XYPeTiH aypynapablH, Xvi keagecyimeH GaiinaHbicTbl. COHbIMEH KaTap,
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co3binmarnsl 6yipek aypybl (CBA) Xypek-KaHTamblp KYMECIHIH KaFbIMCbI3 aCKblHYMapbiHbIH, AaMy KayniH aiTaprbiKTai
apTTbipagbl, COHAbIKTAH MyHAal HaykacTapabl eMaey xaHe bakblnay cTpaTeryschlH TaHAayaa epekLue Hasap Kaxer.

Makcatbl: ST cermeHTiHiH, XoFapbinaybIMeH XYPETiH MUOKapa MHAAPKTICI xaHe Byipek KbiaMeTiHiH, Oy3binbichl Bap
HaykacTapaa Klotho akybl3bl MeH Xypek-KaHTambIp aypynapbiHbiH, ASCTYpPRi Kayin (akTopnapbl apacbiHaafsl bannaHbICTbl
Baranay.

Opictep MeH MaTepuanpgap: 3epTTey Au3alHbl: kenpeHeH KnuHukanblk 3epttey. 3eptrey 2022-2023 xbingapbl
"Cemeit meauumHa yHueepcuteTi" KEAK yHMBEpCUTETTIK rocnuTaniHiH kapanoxupypris 6eniMiiecinae xyprisingi. 3eptrey
apicTepiHe TpoMbOLMTTEPAIH KanablK peakTuBTiniriH 6aranay xaHe Klotho akybi3blHbIH, AEHEMIH aHbIKTay Kipfi.

3eptTey HoTMkenepi: 3epTTeyre 123 naumeHT KaTbiCTbIpbingbl. Klotho akybi3bl AeHreli MeH Xac apacbiHaafbl Kepi
koppensuuanbik 6ainaxbic aHbikTangsl (Rho = -0,673; p < 0,001).

CoHbIMeH kaTap, XblnaamabiKTbl WwymakTbik cy3iny (KLLIC) kepceTkiwwi MeH capbicynbik Klotho aeHreni apacbiHaa Typa
koppensuuanbik 6ainaxbic aHbikTangsl (Rho = 0,463; p < 0,001).

byFraH Koca, 6i3 anraw peT Klotho geHreniHiH xannbl xonectepud menwepimeH (Rho = -0,417; p < 0,001) xeHe C-
peakTuBTi aKybl3 kepceTkilTepiMeH (Rho = -0,416; p < 0,01) apacbiHaarbl KOPPENSLMSHbI KOPCETTIK.

KopbiTbiHabl: CK® geHreni 60 mn/mMuH/1,73 m>-geH TemeH 6onFaH xaffaiga ST CerMeHTiHiH, oFapbinaybiMeH
XYPETIH Mnokapg wHdapkti 6ap Haykactapaa mopdoreHetukanslk Klotho akybisbiHbIH, A€HTElH 3epTTey OpbiHabl. byn
aKybl3 Oyipek (yHKUMACHIHBIH, epTe XoHe Tayencia Mapkepi Oonbin Tabbimagpl, coHpa-ak ST CErMeHTIHIH,
KOFapblnaybiMeH XYPETiH MUOKapa WHAaPKTIC KesiHeri )ypek-KaHTaMbIprblK acKblHynapabiH, GomkamablK kepceTkiLli
peTiHae KapacTbipbinagsl.

Tytindi ce3dep: Klotho aKybibl, ST ceaMeHMIHiH XOFapbinaybiMeH xXypemiH Muokapd uHghapkmi, Oylipek
KbI3aMemiHiH 6y3bibICkl, agpeaoMempusi, mpombouummepdiH KanobiK peakmusmifniai.
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Introduction functions. The secreted form of Klotho has been

Renal dysfunction (RD) is recognized as a major  associated with cardiovascular events and mortality in the
global public health issue, with its global prevalence  general population. The relationship between secreted
estimated at up to 13.4%. Studies have shown that  Klotho and cardiovascular diseases and mortality was
patients with chronic kidney disease (CKD) make up an initially studied in populations without RD. In a cohort of
increasing proportion of the population undergoing 804 elderly individuals (>65 years) followed for six years,
percutaneous coronary intervention (PCl). Meanwhile, RD  patients with low serum Klotho levels had a higher risk of
patients are at high risk for adverse cardiovascular events  death. Klotho deficiency leads to atherosclerosis, skin
such as recurrent myocardial infarction, heart failure, and atrophy, osteoporosis, and aging-like syndromes.
stroke [4]. RD is one of the most common comorbidities in Interestingly, these phenotypes resemble those of patients
this patient population and occurs significantly more  with RD, suggesting that Klotho is closely linked to the
frequently than in the general population [8]. To date, pathogenesis of CKD [11, 13]. Itis important to emphasize
evidence has confirmed an inverse relationship between  that previous studies have shown that low serum Klotho
cardiovascular morbidity and mortality and kidney levels are associated with a higher risk of cardiovascular
function, particularly when the glomerular filtration rate  complications and mortality in patients with renal
(GFR) drops below 15 mL/min/1.73 m? [17]. Currently, it is ~ dysfunction [1].
well-established that RD negatively affects both in-hospital Materials and Methods
prognosis and long-term outcomes, and it is associated This cross-sectional study included 123 consecutive
with poor results following myocardial revascularization  patients with ST-segment elevation myocardial infarction
[2]. Given these facts, it is necessary to identify new and  who were admitted to the cardiac surgery department of the
early predictors of RD in order to improve the detection of  university hospital of NJSC "Medical University of Semey"
patients at high risk of complications. In this context, the  between 2022 and 2023. All patients underwent
morphogenetic protein Klotho has attracted increasing  percutaneous coronary intervention (PCI), and residual

scientific interest. platelet reactivity (RPR) was assessed using optical
In recent years, the prognostic role of morphogenetic ~ aggregometry.
proteins has become increasingly important. The Klotho Inclusion criteria: STEMI with estimated glomerular

gene was discovered by Japanese researcher Makoto filtration rate (GFR) < 60 mL/min/1.73 m? following PCI with
Kuro-o in 1997. Klotho is a 130-kDa transmembrane  stenting; Use of dual antiplatelet therapy (DAPT) with a
protein produced primarily in the distal convoluted tubules  P2Y12 receptor inhibitor and acetylsalicylic acid (ASA).

of the kidneys and in various other organs involved in Exclusion criteria: Patients with end-stage renal disease
regulating the aging process in humans [6, 16]. Currently, ~ who were already receiving hemodialysis; Presence of
two forms of the Klotho protein have been identified: oncological diseases; Antiplatelet drug intolerance; Refusal
membrane-bound and secreted, each performing different  to participate in the study.
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The study was conducted in accordance with the
Declaration of Helsinki. The study design was approved by
the local ethics committee (Protocol No. 6 dated March 16,
2022). All patients provided written informed consent prior
to participation.

To determine renal filtration function, GFR was
calculated using the Cockcroft-Gault formula [12].
Traditional cardiovascular risk markers were also assessed,
including lipid profile, blood glucose, and complete blood
count (CBC) with platelet count following myocardial
revascularization.

Residual platelet reactivity (RPR) was measured using
an AggRAM aggregometer (Helena) with 10 pg/mL ADP
stimulation and reagents from “Technology-Standard”
(Barnaul, Russia).

All patients received 325 mg of aspirin and a loading
dose of 600 mg clopidogrel or 180 mg ticagrelor, followed
by maintenance doses of 100 mg/day aspirin and 75
mg/day clopidogrel or 90 mg/day ticagrelor.

Prior to PCI, venous blood was collected in EDTA tubes
to determine serum Klotho levels. Serum Klotho was
analyzed using a Bio-RAD Model-680 spectrophotometer
and an ELISA kit (SEH757Hu, China).

Statistical analyses were performed using SPSS
software, version 20.0 (IBM Corp., Armonk, NY, USA).
The Kolmogorov—Smirnov test was used to assess the
normality of data distribution. Quantitative variables with a
normal distribution were presented as mean % standard
deviation (M £ SD), along with minimum and maximum
values. Between-group comparisons were performed
using the independent samples Student’s t-test. For non-
normally distributed variables, data were presented as
median and interquartile range (Me, IQR), together with
minimum and maximum values, and compared using the
Mann-Whitney U test. Dichotomous variables were
expressed as frequencies and percentages (n, %).
Associations between categorical variables were analyzed
using Pearson’s chi-square test; where applicable, Yates’
continuity correction or Fisher’s exact test was employed.

Differences were considered statistically significant at p <
0.05.

Results

A total of 123 patients with STEMI and concurrent renal
dysfunction were included in the study. The mean age of
the patients was 64.7 + 8.9 years; the youngest was 43
years old, and the oldest was 87. The mean age for men
was 63.6 £ 8.9 years, and for women — 67.9 + 8.4 years
(Figure 1).

Among the participants, 92 (74.8%) were men and 31
(25.2%) were women. Men were significantly younger than
women (p = 0.031) (Table 1).

Correlation analysis showed a moderate negative
correlation between age and serum Klotho levels (Rho = -
0.673; p < 0.01), suggesting that Klotho concentrations
decrease with age (p < 0.001).

Figure 2 shows serum Klotho levels by age. The
analysis confirms a trend toward decreasing levels of this
morphogenetic protein with age in patients with RD, likely
due to decreased Klotho gene expression and the
development of chronic low-grade inflammation, including in
Klotho-producing cells.

A positive correlation was observed between GFR and
serum Klotho levels (Rho = 0.463; p < 0.01). The lowest
Klotho levels were recorded in patients with the lowest GFR
(Figure 3).

Anemia (Hb < 120 g/L) was diagnosed in 9 patients
(7.3%). A significant positive correlation was found between
hemoglobin levels and serum Klotho (Rho = 0.247; p <
0.01) (Figure 4).

Additionally, there was a negative correlation between
serum Klotho and: Hypercholesterolemia (Rho = -0.417; p
< 0.01), Elevated blood glucose (Rho = -0.315; p < 0.01),
High C-reactive protein (CRP) compared to normal levels
(Rho=-0.416; p < 0.01)

A weak negative correlation was also found between
platelet aggregation activity (residual platelet reactivity,
RPR) and serum Klotho levels (Rho = -0.339; p < 0.01).
(Figure 5).
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Figure 1. Distribution of patients by age.
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General clinical and laboratory characteristics of the patients.

Table 1.

Indicator Patients (n = 123; 100%)
Age, years 65 £9
, (43-87)
27,8442
2 ) 3
Body Mass Index, kg/m (19,4-39,9)
Overweight, n (%) 86(75%)
Smoking, n (%) 50(40,7%)
Family history, n (%) 35(28,5%)
Arterial hypertension (Grade I-11), n (%) 121(98,4%)
Compensated diabetes mellitus in anamnesis, n (%) 28(22,8%)
Iron deficiency anemia in anamnesis, n (%) 9(7,3)
Systolic BP, mmHg 127,8 £22,1
Diastolic BP, mmHg 76,6 £17,1
76,1147
Heart rate, bpm (42-153)
Killip 1, n (%) 5(42,3%)
Killip I, n (%) 56(45,5%)
Killip 11l n (%) 1(0,8%)
Killip IV, n (%) 14(11,4%)
, 50,247,0
0, ’ )
Left ventricular EF, % (29-66)
. 143,6+18,7
Hemoglobin, g/L (80-180)
. 49,4+10,4
2 3 )
GFR, mL/min/1.73 m (21-60)
6,4+1,6
Glucose, mmol/L (3.0-14.3)
Cholesterol, mmol/L 6,1£1,8
Triglycerides, mmol/L 1,9+0,9
LDL, mmol/L 2,8+1,0
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Figure 2. Serum Klotho levels in relation to age.
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Discussion

Renal dysfunction in patients with STEMI is one of the
key predictors of mortality both during hospitalization and in
the long-term perspective.

In studying the relationship between Klotho protein
levels and age in STEMI patients with RD, it was found that
the highest serum Klotho levels were observed in patients
aged 25-44 years. Our findings are consistent with other
researchers who have referred to Klotho as the "protein of
youth" [14, 20].

In our study, a reduction in serum Klotho levels was
found in STEMI patients with RD. Ivana Pavik and
colleagues also noted that with every 1 mL/min/1.73 m?
decrease in GFR, the average Klotho level decreased by
4.8 pg/mL [15]. Renal dysfunction is an independent
predictor of major adverse cardiovascular events (MACE) in
myocardial infarction patients. For example, a cohort study
conducted in Denmark from 2010 to 2022 showed that
mortality in MI patients with RD was significantly higher than
in those with normal kidney function—21% (95% ClI 20-
22%) versus 16.4% (95% CI 16—17%), respectively [3].

Our study group deserves special attention because all
patients underwent PCI, which is the gold standard for
STEMI treatment. One important component of our
evaluation was the inclusion of residual platelet reactivity
(RPR), assessed using ADP-induced optical aggregometry.
While the clinical effectiveness of DAPT with aspirin and
clopidogrel has been proven in many studies, some patients
still experience ischemic or recurrent events despite DAPT
use [5, 18, 19]. The need for and safety of DAPT is well-
established, but factors such as coronary blood flow
anatomy, non-specific inflammatory processes, and
comorbidities including RD can affect its efficacy [9].

Despite these facts, patients with RD remain an under-
researched group, often excluded from randomized clinical
trials due to non-compliance with inclusion criteria [7].

This study represents the first phase of a project
investigating the role of Klotho protein in heart disease
patients with RD. It is important to note that our analysis
included only patients with STEMI and RD. To further
explore the potential of Klotho as a biomarker, its prognostic
value in patient survival should be assessed in future
studies.

Conclusion

Thus, based on the conducted study, serum Klotho
protein levels are not only a marker of renal dysfunction
severity but also, apparently, a pathogenic factor in its
progression. Further research into Klotho protein changes
in renal dysfunction is necessary, and the implementation of
Klotho measurement as an early diagnostic marker of
cardiorenal injury should be considered.

Determining residual platelet reactivity (RPR) in the
context of antiplatelet therapy in STEMI patients with renal
dysfunction, in addition to standard clinical tests, helps
identify patients at high risk of cardiovascular complications
early during hospitalization. The results of this study
highlight the need for further prospective research in this
area.

This study was conducted within the framework of grant
funding for scientific startup projects of academic staff at NJSC
“Medical University of Semey” for 2022-2025 under the project:
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"Improving antithrombotic therapy in patients with acute coronary
syndrome after percutaneous coronary intervention with comorbid
conditions."
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