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ABSTRACT
Introduction: Sirtuin 1 (SIRT1) emerges as a promising biomarker for heart remodeling in the
context of essential arterial hypertension (EAH). Additionally, the levels of certain plasma peptides
might signal myocardial fibrosis and the progression of heart failure (HF) in hypertensive patients.
Despite this potential, conflicting data exist regarding the marker's diagnostic value in HF patients.
This study aims to explore the impact of anthropometric factors on plasma SIRT1 levels in men di-
agnosedwith EAH and HF, considering the rs7069102 single nucleotide polymorphism (SNP) in the
SIRT1 gene. Methods: The study included an examination of 190 Ukrainian men aged between
40 and 65. The participants were divided into two groups: a control group, consisting of 70 indi-
viduals without cardiovascular disease (CVD), and a study group comprising 120 men with EAH,
60 of whom displayed signs of HF. Plasma SIRT1 levels were quantified using an enzyme-linked im-
munosorbent assay (ELISA),while the rs7069102C/Gpolymorphism in the SIRT1genewasdetected
through allele-specific polymerase chain reaction (PCR). The research employed various statistical
methods, including correlation analysis, T-test, Mann-Whitney U test, one-way ANOVA, and analysis
of contingency tables for data analysis. Results: The investigation revealed thatmen suffering from
EAH and HF exhibited significantly reduced plasma SIRT1 levels (1.550 ± 0.084 ng/ml) compared
to those with EAH but without HF (3.271 ± 0.238 ng/ml, p < 0.001). Notably, hypertensive men
with concurrent HF and obesity or those with an early onset of hypertension showed even lower
plasma SIRT1 concentrations. Interestingly, the analysis found no significant difference in plasma
SIRT1 levels among individuals in the control group and EAH patients without HF across different
rs7069102 C/G SNP variants. However, among hypertensive men with HF, individuals with the GG
genotype displayed considerably lower plasma peptide levels compared to those with either the
CC or CG genotype (1.390 ± 0.092 ng/ml vs. 1.744 ± 0.126 ng/ml, p = 0.032). Conclusion: This
study highlights a significant association between reduced plasma SIRT1 levels and heart failure
in male patients with EAH. Factors contributing to decreased plasma peptide levels include obe-
sity, early onset of hypertension, and possessing the GG variant of the rs7069102 SNP in the SIRT1
gene. These findings underscore the potential of SIRT1 as a marker for HF and may guide future
therapeutic strategies.
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INTRODUCTION
Currently, there’s a concerning trend in the global in-
crease of heart failure (HF) and associated mortality
rates. For instance, approximately 6.7 million Amer-
icans are afflicted with HF. This number is predicted
to rise, with the lifetime risk of complications soar-
ing to 24%1. Arterial hypertension (AH) emerges as
the most frequent cause or comorbidity linked with
HF. Indeed, 80-90% of HF patients exhibit some form
of AH, as hypertension-induced myocardial damage
critically impairs heart function2. Therefore, the early
detection of HF in individuals with hypertension is
crucial. Utilizing biomarkers has proven to be an
effective diagnostic approach. Of particular interest
is the peptide sirtuin 1 (SIRT1), an enzyme protein

that plays a key role in moderating apoptosis, energy
metabolism, and influences life expectancy of car-
diomyocytes by acting at both subcellular and epige-
netic levels3–5. Research has linked SIRT1 expres-
sion with fibrotic processes in the heart and vascular
wall6,7, suggesting that plasma levels of this peptide
could serve as indicators of myocardial dysfunction.
The diagnostic potential of plasma SIRT1 levels for
HF is supported by clinical studies, which show sig-
nificant changes in patients with AH or those exhibit-
ing clinical signs of HF8–11. Yet, the data on its diag-
nostic utility amongHF patients are mixed and some-
times contradictory, leaving several questions unan-
swered. Notably, factors such as age12,13, and distinct
effects of obesity across genders14,15, can influence
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SIRT1 levels. Furthermore, the findings on plasma
SIRT1 levels vary across different cardiovascular dis-
eases (CVD), suggesting the need for targeted evalua-
tion of plasma peptide levels in HF patients, consider-
ing potential genetic, age, gender, and anthropomet-
ric differences.
A crucial factor in a biomarker’s clinical application
is understanding the genetic basis of its production.
The gene controlling SIRT1 is located on chromosome
10q21.3 (ENSG00000096717). Research has explored
several single nucleotide polymorphisms (SNPs) po-
tentially impacting SIRT1 expression or structure:
rs11599176, rs12413112, rs33957861, rs35689145,
rs789600516,17. Among these, the SNP with a cy-
tosine to guanine substitution (C>G) at position
rs7069102 stands out due to its significant impact
on peptide expression and consequent plasma SIRT1
levels18. Studies reveal considerable variation in
the prevalence of this SNP’s variants across different
populations (data sourced from the 1000 Genomes
Project on https://www.ensembl.org), underscoring
the importance of conducting region-specific re-
search.
Given the multiple factors influencing plasma SIRT1
levels, we embarked on a cross-sectional study to
delve into some of these aspects. The study’s objective
was to explore potential anthropometric influences
on plasma SIRT1 levels in hypertensive men with
chronic HF, specifically considering the rs7069102
C>G polymorphism within the SIRT1 gene.

METHODS

Patients

In planning our study groups, we drew inspira-
tion from the designs of similar studies. Using
the G*Power calculator (http://www.gpower.hhu.de/
), we estimated a statistical power of 0.85 and a sig-
nificance level of p < 0.05 to determine the minimum
necessary group size. Accordingly, we enrolled 120
hypertensive men and 70 non-cardiovascular disease
(CVD)men, whounderwent examinations at theVin-
nytsya Regional Diagnostic and Disease Prevention
Center (VRDDP) in Vinnytsya, Ukraine, as our pro-
tocol dictates. The National Pirogov Memorial Medi-
cal University’s (NPMMU) ethical committee, located
in Vinnytsya, Ukraine, sanctioned our research pro-
tocol. Prior to commencing any procedure, informed
consent was duly obtained from all participants who
signed the required documents. We set the inclusion
criteria to male individuals aged 40 to 65 years, resid-
ing in the Podil region ofUkraine, and diagnosedwith

essential arterial hypertension (EAH). Exclusion cri-
teria were individuals with symptomatic arterial hy-
pertension (AH), a history of myocardial infarction
or unstable angina, significant congenital heart de-
fects, arrhythmia, non-coronary myocardial diseases,
pulmonary arterial hypertension, and severe kidney
or liver dysfunction, alongside known rheumatolog-
ical, endocrine, or oncological diseases. Data influ-
encing our exclusion criteria included age, sex, and
concurrent diseases’ impact on plasma SIRT1 levels.
The primary study group had an average age of 50.93
± 0.449 years with an EAH diagnosis. Seventy con-
trol group participants showed no CVD signs, aver-
aging 49.03 ± 0.794 years. Diagnoses followed the
2018 and 2021 European Society of Cardiology (ESC)
guidelines, segregating 120 hypertensive men based
on heart failure (HF) signs into two groups of 60:
one showing no HF symptoms and the other display-
ing NYHA class II-III HF symptoms. Participants
underwent extensive evaluations, including physicals,
lab tests, blood pressure measurement, electrocardio-
graphy, echocardiography, and plasma SIRT1 level
and SIRT1 gene rs7069102 C/G polymorphism anal-
ysis. Body mass index (BMI) calculations used the
Quetelet formula (BMI = body weight (kg)/height2

(cm)), classifying obesity according to WHO guide-
lines.

Blood Samples
We assessed plasma SIRT1 levels and the rs7069102
SNP variant in the SIRT1 gene from venous blood
samples of all participants. The SIRT1 plasma con-
centration was measured using the standard ELISA
method with RayBiotech, Inc. (USA) reagents and a
Humareader single enzyme analyzer (Germany). This
choice was backed by ELISA’s proven accuracy, speci-
ficity, and widespread clinical use.
Genomic DNA extracted from whole blood was used
to determine the rs7069102C/Gpolymorphism in the
SIRT1 gene, employing the DNA-EXTRAN-1 reagent
kit for extraction. The allele-specific polymerase
chain reaction (PCR), amethod renown for SNP anal-
ysis effectiveness, facilitated the detection of SIRT1
gene alleles at the rs7069102 position by tracking the
fluorescent signal of the amplified products (Thermo
Fisher Scientific, USA).

Statistical Analysis
We presented our findings as mean (M ± SEM) or
percentages. Depending on the data distribution,
we applied appropriate statistical methods to discern
correlations or differences between groups. These
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included parametric (Pearson correlation, t-test)
and non-parametric (Spearman correlation, Mann-
Whitney U test) methods, one-way ANOVA with the
Tukey criterion for parametric data, or the Kruskal–
Wallis test for non-parametric data. We employed the
χ2 Pearson criterion with Yates correction to assess
differences in observation frequencies, especially for
smaller group analyses. Differences were considered
significant at p < 0.05.

RESULTS
Analysis of plasma SIRT1 concentrations in our study
groups showed that men with essential arterial hyper-
tension (EAH) not taking heart failure (HF) into ac-
count had significantly higher SIRT1 levels (2.414 ±
0.152 ng/ml) compared to the control group (1.891
± 0.089 ng/ml, p = 0.014). Yet, among men with
both EAH and HF, SIRT1 levels were notably lower
(1.550±0.084 ng/ml) than in those with EAH alone
(3.271± 0.238 ng/ml, p < 0.001) as illustrated in Fig-
ure 1.
Investigating further, we found a clear link between
plasma peptide levels and either age or obesity. Upon
reviewing the clinical characteristics, we confirmed all
study groups were matched by age. However, differ-
ences in body weight and BMI were observed, par-
ticularly that individuals with both EAH and HF pre-
sented higher values compared to either men without
any cardiovascular diseases (CVD) or thosewith EAH
but no HF (Table 1).
Interestingly, the incidence of obesity was highest in
the group suffering fromboth EAHandHF compared
to either the control group or those with solely EAH.
This group also displayed distinct hypertension pro-
files, characterized by earlier disease onset and pro-
longed duration, alongside notably lower glomerular
filtration rates (GFR) than seen in other groups.
Subsequent correlation analyses between group dif-
ferences and plasma SIRT1 levels uncovered no age
correlation (R=-0.11, p=0.25). Nevertheless, signif-
icant correlations emerged regarding GFR (positive,
R=+0.22, p=0.02), BMI (negative, R=-0.22, p=0.01),
and disease duration (negative, R=-0.33, p<0.001).
Exploration into the impact of moderate GFR reduc-
tion (60-90 ml/min) revealed no significant deviation
in SIRT1 levels from those with normal renal func-
tion, suggesting SIRT1 plasma levels could serve as a
reliable biomarker unaffected by age or renal status.
However, the presence of obesity drastically reduced
plasma SIRT1 levels (1.432±0.117 ng/ml in obese
men vs. 2.813±0.190 ng/ml in non-obese men,
p<0.001) as shown in Figure 2. Early-onset EAH

(up to age 35) was associated with lower SIRT1 lev-
els (1.842±0.172 ng/ml) compared to later onset
(2.665±0.187 ng/ml, p=0.009). These observations
suggest that a prolonged history of hypertension and
a higher prevalence of obesity might explain the de-
creased SIRT1 levels in patients with both EAH and
HF.
Further analysis delved into the genetic influence on
SIRT1 production, focusing on the rs7069102 SNP
within the SIRT1 gene. Predominantly, in the Podil
region of Ukraine, individuals carrying the mutant G
allele were prevalent (70.26%). While CG and GG
variants were equally distributed (both 46.84%), the
CC homozygous variant was rare (6.32%). A detailed
exploration of rs7069102 SNP variants revealed that,
except for those with HF, SIRT1 plasma concentra-
tions did not significantly differ among the groups,
including between GG homozygotes and individuals
carrying the CC or CG variants.
In conclusion, our research indicates that lower
plasma SIRT1 levels in patients with both EAH and
HF could be attributed to the interplay between dis-
ease duration, obesity, and specific genetic back-
grounds. These findings underscore the complex na-
ture of SIRT1 as a biomarker in hypertensive disor-
ders, suggesting a need for more detailed studies to
unravel the genetic underpinnings influencing its ex-
pression.

DISCUSSION
We discovered that the plasma SIRT1 level in patients
with EAH significantly differs from levels found in
healthy volunteers. Research by Duman et al. sug-
gests that in hypertensive patients, plasma peptide
levels are notably higher than those in individuals
with normal blood pressure19–22. Conversely, other
studies have indicated that hypertensive patients ex-
hibit significantly lower plasma peptide concentra-
tions compared to a control group9,23. The assess-
ment of SIRT1 in patients with heart failure (HF)
showcases varied methodological approaches among
researchers. Some studies have examined peptide ex-
pression levels in tissues, revealing experimental ev-
idence that cardiomyocyte peptide expression in HF
patients is nearly half that of healthy hearts8. Other
analyses, focusing on SIRT1 expression in peripheral
blood mononuclear cells, found significantly reduced
levels in HF patients19. Despite the use of differ-
ing methodologies in these studies, our findings align
closely. However, research conducted by Italian sci-
entists reported higher peptide expression in HF pa-
tients than in healthy volunteers24. No studies were
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Figure 1: Plasma concentration of SIRT1 in the study groups.
Abbreviations: CHF: and chronic heart failure, EAH: essential arterial hypertension, SIRT1: sirtuin 1. Data are
shown as Mean.

Table 1: Clinical characteristics of the study groups (M±m,%)

Parameters Control group 
(n=70)

Group EAH without CHF
(n=60)

Group EAH with CHF
(n=60)

Age, years 49.03±0.792 50.03±0.675 52.02±0.757

Body weight, кg 79.06±1.014 80.12±1.307 88.67±1.510∗#

BMI, кg/m2 25.23±0.268 25.92±0.394 29.38±0.547∗#

GFR, ml/min/1.73 m2 111.4±2.473 105.7±2.673 95.63±1.709∗#

Age of EAH onset, years - 48.98±1.119 35.77±1.120#

Duration of EAH, years - 9.14±0.773 13.53±0.771#

Obese persons, n (%) 3 (4.29%) 8 (13.34%) 31 (57.67%)&

Notes: * differences are significant when compared with the control group, p < 0.01; # the differences are significant when compared with the
EAH group without CHF, p < 0.01; & differences are reliable when comparing between groups, χ2= 47.74, p < 0.001; BMI: body mass index,
CHF: chronic heart failure, EAH: essential arterial hypertension, GFR: glomerular filtration rate.

6292



Biomedical Research and Therapy 2024, 11(4):6289-6296

Figure 2: Plasma concentration of SIRT1 in hypertensive men with different BMI. Notes: BMI: body mass
index, SIRT1: sirtuin 1. Data are shown as Mean.

Table 2: Plasma SIRT1 levels in individuals with different variants of SNP of the SIRT1 gene (rs7069102), (M±m)

Groups Control group 
(n = 70)

Group EAH without CHF 
(n = 60)

Group EAH with CHF 
(n = 60)

Individuals with variant
СС+CG (n = 101)

2.024±0.113 3.474±0.370# 1.744±0.126&

Homozygotes GG 
(n = 89)

1.668±0.160 3.091±0.308# 1.390±0.092∗&

Notes: * differences are significant when compared with individuals with CC+CG variant, p = 0.032; # significant differences when compared
with the control group, p = 0.002; &- the differences are significant in comparison with the EAH group without CHF, p = 0.018; CHF: chronic
heart failure, EAH: essential arterial hypertension, SIRT1: sirtuin 1, SNP: single nucleotide polymorphism.

found examining plasma SIRT1 concentration in hy-
pertensive patients with HF.
This diversity in results likely stems from the vari-
ous study designs. When research includes partici-
pants of differing genders, ages, and HF etiologies,
and employs varied methods for SIRT1 evaluation,
interpreting or reproducing study findings becomes
challenging. In planning our study, we minimized
several variables by ensuring homogeneity in gender,
age, and HF etiology within our groups. This ap-
proach allowed us to identify potential factors influ-
encing plasma peptide levels: the duration of hyper-
tension, disease severity, presence of obesity, and ge-

netic components.
We observed that plasma SIRT1 concentration in pa-
tients with EAH and HF was significantly lower in
those with early disease onset and obesity. This con-
trasts with findings in coronary heart disease (CHD)
patients, where plasma peptide levels showed no cor-
relation with anthropometric measures25,26. Inter-
estingly, Norwegian research identified a correlation
between SIRT1 expression and obesity in women, but
not in men14. The design of our cross-sectional study
limits the generalization of our results, suggesting
that men with EAH and HF may exhibit lower SIRT1
levels if obesity is present or if EAH appears early.
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This could impact the use of this peptide as a diag-
nostic marker for HF. However, our data supports
a hypothesis that early EAH onset and obesity co-
morbidity could accelerate HF development through
more significant early hypertensive damage to themy-
ocardium, depleting cardiomyocyte SIRT1 reserves.
Experimental evidence links low SIRT1 expression in
cardiomyocytes to advancing myocardial fibrosis27.
Thus, reduced plasma SIRT1 levels could signal de-
pleted myocardial functional reserves in HF develop-
ment, meriting further longitudinal research.
We also explored the phenotypic significance of the
rs7069102 C/G SNP in the SIRT1 gene concern-
ing plasma activity and concentration levels. Mini-
mal available literature exists on this topic. Kilic et
al. found no significant differences in plasma pep-
tide levels between carriers of different SNP variants
in a general Turkish population12. Yet, in a CHD
patient cohort, GG homozygotes exhibited signifi-
cantly higher plasma SIRT1 levels compared to other
variants28. In acute coronary syndrome patients, a
higher plasma peptide concentration was linked to
the C allele29. Little to no information exists on the
rs7069102 C/G SNP’s effect on plasma SIRT1 levels in
HF patients. Our findings indicate low plasma pep-
tide levels among homozygous GG variant carriers
in patients with EAH and HF, offering new insights
into the rs7069102 C/G polymorphism’s phenotypic
manifestations inUkrainian hypertensivemen. Given
the minor allele G’s varying prevalence across popu-
lations, its potential impact on plasma SIRT1 levels
could differ globally.
Our results lay the groundwork for further exploring
plasma peptide concentrations in EAH patients, con-
sidering various heart structure and function disor-
ders that lead to hypertensive heart andHF.The cross-
sectional nature of our study precluded investigating
other HF progression factors in EAH patients, such as
lifestyle or treatment approaches. Consequently, our
findings open avenues for detailed analysis of plasma
SIRT1 level changes in patients with EH and var-
ied HF phenotypes across different clinical scenar-
ios. This could enhance the diagnostic and prognos-
tic utility of SIRT1, refining the biomarker’s applica-
tion by accounting for significant influences and lim-
itations.

CONCLUSIONS
In male patients diagnosed with exercise-associated
hyponatremia (EAH), there was a significant associ-
ation between lower plasma SIRT1 levels and heart
failure (HF). Several factors contributing to reduced

plasma peptide levels were identified, including obe-
sity, the early onset of hypertension, and the pres-
ence of the GG variant within the rs7069102 single
nucleotide polymorphism (SNP) in the SIRT1 gene.
These findings enhance our understanding of SIRT1’s
diagnostic value and its potential limitations as a
biomarker for HF in clinical settings. Furthermore,
they underscore the necessity for and guide the direc-
tion of future research in this area.

ABBREVIATIONS
BMI - Body Mass Index, CHD - Coronary Heart Dis-
ease, CVD - Cardiovascular Disease, EAH - Essential
Arterial Hypertension, ELISA - Enzyme-Linked Im-
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diology, GFR -Glomerular Filtration Rate, HF -Heart
Failure, NPMMU - National Pirogov Memorial Med-
ical University, NYHA - New York Heart Association,
PCR - Polymerase Chain Reaction, SEM - Standard
Error of theMean, SIRT1 - Sirtuin 1, SNP - Single Nu-
cleotide Polorphism, VRDDP - Vinnytsya Regional
Diagnostic and Disease Prevention Center, WHO -
World Health Organization
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