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Abstract This article presents a comparative analysis of treatment outcomes in patients with chronic heart failure (CHF)
and cardiorenal syndrome (CRS) according to the aldosterone synthase gene CYP11B2 (—344 T/C) polymorphism. The study
included 200 CHF patients (100 with CRS, 100 without CRS) and 40 apparently healthy controls. CYP11B2 -344 T/C
genotypes (TT, TC, CC) were determined by PCR-RFLP. Clinical status, 6 minute walk distance, echocardiographic indices,
and serum levels of aldosterone, TGF B1 and collagen IV were assessed before and after 6 months of guideline directed
medical therapy (ACEI/ARB, [ blocker, mineralocorticoid receptor antagonist) combined with the SGLT2 inhibitor
dapagliflozin. The TT genotype and T allele were associated with higher aldosterone and profibrotic biomarker levels, more
pronounced renal dysfunction and a poorer response to therapy. In contrast, the CC genotype and C allele showed a more
favourable clinical and haemodynamic response and lower fibrosis activity. These findings suggest that CYP11B2 (344 T/C)
polymorphism may serve as a useful prognostic marker for risk stratification and personalization of therapy in CHF patients
with cardiorenal syndrome.
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The CYP11B2 gene —344 T/C polymorphism (rs1799998)

1. Introduction

Chronic heart failure (CHF) is a major global health
problem associated with high morbidity, mortality, and
healthcare costs [6,11,21]. Cardiorenal syndrome (CRS),
characterized by the bidirectional interaction between
cardiac and renal dysfunction, significantly worsens the
prognosis in CHF patients [7,20]. The renin-angiotensin-
aldosterone system (RAAS) plays a central role in the
pathophysiology of both conditions [13,17]. Aldosterone,
synthesized by aldosterone synthase (CYP11B2) in the
adrenal cortex, is the key effector hormone of the RAAS
[10,12]. Beyond its classical effects on sodium retention,
aldosterone promotes cardiac and renal fibrosis, endothelial
dysfunction, and inflammation [4,18]. Elevated aldosterone
levels are associated with increased cardiovascular events and
accelerated decline in renal function [11,15,16]. Aldosterone
breakthrough during ACEI/ARB therapy remains a significant
clinical challenge [13].
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directly influences aldosterone synthase transcription and
aldosterone production [10,12,19]. The T allele has been
consistently associated with higher aldosterone levels, elevated
blood pressure, reduced glomerular filtration rate, and worse
cardiovascular outcomes [15,19,22]. Current guideline-directed
medical therapy for CHF includes RAAS inhibitors, beta-
blockers, and mineralocorticoid receptor antagonists (MRAS)
[2,3,5,21]. MRAs have shown substantial benefits in reducing
mortality and hospitalizations [2,3,8]. Novel therapeutic
agents, including SGLT2 inhibitors and nonsteroidal
MRAs, have demonstrated additional cardioprotective and
nephroprotective effects [1,6,7]. However, individual response
to these therapies varies considerably among patients.
Genetic factors may significantly influence treatment
response in CHF patients [9,14]. Given that CYP11B2
polymorphism affects aldosterone levels and RAAS activity,
it may also modulate the efficacy of aldosterone-targeted
therapies [19,22]. Understanding the relationship between
CYP11B2 genotype and treatment outcomes could enable
personalized therapeutic approaches and improve clinical
results [11,16,18,20]. The aim of this study was to perform a
comparative analysis of treatment outcomes in CHF patients
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with cardiorenal syndrome according to CYP11B2 (-344
T/C) polymorphism genotypes, evaluating the efficacy of
standard therapy combined with SGLT2 inhibitor dapagliflozin.

The patients included in the study were divided into three
groups according to the distribution of CYP11B2 (-344 T/C)
aldosterone synthase gene polymorphism genotypes: group 1
— carriers of the TC genotype (n=95), group 2 — carriers of
the TT genotype (n=45), and group 3 — carriers of the CC
genotype (n=60). In these groups, the efficacy of standard
therapy was assessed after 6 months of prospective follow-up
based on the analysis of clinical and functional status, quality
of life, and central hemodynamic parameters (Figure 1).

On the background of standard therapy including an
SGLT2 (sodium—glucose cotransporter 2) inhibitor, patients
with the CC genotype demonstrated the most pronounced
improvement in clinical and biochemical parameters. The
functional class decreased by 8.4% (p<0.01).

Figure 2 presents the dynamics of exercise tolerance
(6-minute walk test) in the observed patients according to
different genotypes. In the group carrying the TC genotype,
the baseline distance was 281+10.8 m; after treatment, a
significant increase to 320.5410.6 m was observed (p<0.01).
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In the TT genotype group, the baseline value was 27247.6 m,
rising significantly to 29847.4 m after treatment (p<0.05).
The greatest improvement was recorded in the CC genotype
group: the distance increased from 286+10.5 m at baseline to
329+10.2 m after therapy (p<0.001). Overall, although all
groups showed a significant increase in exercise tolerance in
response to therapy, the magnitude of improvement was
greatest in patients with the CC genotype, confirming the
impact of genetic factors on therapeutic effectiveness.

Thus, in the TC genotype group, the clinical status score
decreased from 6.840.2 at baseline to 4.940.2 after therapy
(p<0.001). In the TT genotype group, this parameter
declined from 6.940.2 to 6.34).2 (p<0.05). The greatest
treatment effect was observed in the CC genotype group,
where the initial score of 6.540.3 fell to 4.840.2 after therapy
(p<0.0001). Overall, clinical status indicators improved
significantly after treatment in all genotype groups. This
improvement was most pronounced in the CC genotype
group, where a marked reduction in clinical symptoms and
a substantial enhancement in the patients’ general condition
were observed, confirming the important role of genetic
factors in clinical treatment efficacy.
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Figure 1. Dynamics of functional classes in the observed patients
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Figure 2. Dynamics of exercise tolerance (meters) in the observed patients
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Figure 3. Dynamics of clinical status (scores) in the observed patients
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Figure 4. Dynamics of quality-of-life scores before and after treatment in the observed patients (Minnesota questionnaire)

Dynamics of the effect of treatment efficacy on intracardiac hemodynamic parameters according to aldosterone synthase gene —344 T/C

polymorphism genotypes

TC genotype TC genotype TT genotype TT genotype | CC genotype | CC genotype

Parameters | (n=95) Before (n=95) After (n=45) Before | (n=45) After | (n=60) Before | (n=60) After
treatment treatment treatment treatment treatment treatment
LVEDD, cm 6,010,1 5,730,1** 6,340,1 6,140,1 5,840,1 5,430,1**
LVEDV, ml 173,047,5 168,047,3* 182,545,5 180,045,4 169,047,0 162,046,8*
LVESD, cm 4341 4,140,1* 4,640,1 4,440,1 4,240,1 3,940,1%*
LVESV, ml 91,246,0 85,445,9* 99,245,1 97,045,0 86,1146,0 80,145,8*
LVEF, % 49,041,3 52,841 ,4* 45,230,9 47,530,9* 50,3+,5 55,3#1,5**

Note: * — p<0,05; ** — p<0,01; *** — p<0,001.

As shown in Figure 4, the dynamics of quality-of-life
scores (Minnesota Living with Heart Failure Questionnaire)
were compared across genotypes before and after treatment.
In the TC genotype group, the baseline score was 53.2+1.4
points and decreased to 42.1#1.4 points after therapy
(p<0.001). In the TT genotype group, the score declined
from 55.0+1.1 to 49.2+1.0 points (p<0.001). The greatest
improvement was observed in the CC genotype group, where

the initial score of 52.0#1.5 points fell to 40.2+1.13 points
after treatment (p<0.001). Comparative analysis showed that
quality-of-life indices improved significantly in all
genotypes after therapy, with the most pronounced and
statistically robust reduction in the CC group, indicating the
highest treatment efficacy in carriers of this genotype.

The table above presents a comparative analysis of
intracardiac hemodynamic parameters before and after
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treatment in patients stratified by aldosterone synthase gene
T/C polymorphism. In the TC genotype group, treatment led
to a decrease in LV end-diastolic dimension (EDD) and
end-diastolic volume (EDV), with a statistically significant
increase in left ventricular ejection fraction (LVEF) (p<0.01).
In the TT genotype group, no marked changes were observed
in the main parameters (EDD, EDV, ESD, ESV), and LVEF
increased only slightly. In the CC genotype group, a reduction
in EDD and EDV was accompanied by a significant rise in
LVEF (55.3#1.5%); p<0.01).

These findings indicate that treatment efficacy, in terms
of improvement of intracardiac hemodynamics, is most
pronounced in patients with the TC and especially the CC
genotypes.
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As shown in Figure 5, a comparative analysis was
performed of changes in serum creatinine before and after
treatment in patients stratified by aldosterone synthase gene
T/C polymorphism. In the TC genotype group, creatinine
decreased from 108.544.8 pmol/L at baseline to 104.344.6
pmol/L after therapy (p<0.05). In carriers of the TT genotype,
creatinine fell from 113.544.9 to 110.544.8 pmol/L (p<0.05).
The greatest effect was observed in the CC genotype group:
baseline creatinine declined from 106.034.7 to 101.844.5
pmol/L (p<0.05).

Although all genotypes demonstrated a tendency toward
reduction in serum creatinine following treatment, the decrease
was most pronounced and consistent in CC carriers,
indicating higher therapeutic efficacy in this genotype.
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Figure 5. Dynamics of serum creatinine according to aldosterone synthase gene —344 T/C polymorphism genotypes
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Figure 6. Dynamics of serum urea under treatment
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Figure 7. Dynamics of serum cystatin C under treatment

Figure 6 shows the effect of treatment on serum urea
levels in different genotype groups. In the TC genotype
group, urea decreased significantly from 7.040.4 mmol/L
at baseline to 6.620.3 mmol/L after therapy (p<0.05). In
the TT genotype group, urea fell from 7.630.3 to 7.320.3
mmol/L, but this change was not statistically significant.
In carriers of the CC genotype, baseline urea was 6.840.3
mmol/L and decreased to 6.340.3 mmol/L after treatment,
which is also clinically relevant. Overall, all genotypes
showed a downward trend in serum urea levels following
therapy, with statistically significant reductions in the TC
and CC groups, indicating an important contribution of
genetic factors to treatment efficacy.

Figure 7 presents data on the effect of therapy on serum
cystatin C levels in different genotype groups. In the TC
genotype group, cystatin C decreased from 1.224).06 mg/L
at baseline to 1.1140.05 mg/L after treatment (p<0.05). In
the TT genotype group, the baseline value was 1.3140.07
mg/L and declined to 1.2640.06 mg/L after therapy, but this
change was not statistically significant. The greatest effect
was observed in the CC genotype group, where cystatin C
fell from 1.19240.06 mg/L to 1.0720.05 mg/L after treatment
(p<0.01). Thus, the results indicate that, for the aldosterone
synthase gene T/C polymorphism, standard therapy is most
effective in CC genotype (C allele) carriers, whereas the TT
genotype and T allele are associated with more severe
disease and a poorer response to treatment.
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