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Abstract

Objective. The aim of this study was to investigate the role of certain biochemical parame-
ters in the relationship between vitamin D levels and the severity of chronic heart failure (CHF).

Materials and Methods. The study included 219 patients with CHF aged 30—-89 years:
123 patients (mean age 60.4 + 1.0 years) with NYHA class I-II and 96 patients (mean age
62.9 + 1.0 years) with NYHA class III-IV. Blood samples were analyzed for creatinine, vi-
tamin D, calcium, phosphorus, parathyroid hormone (PTH), endothelin-1, and fibroblast
growth factor-23 (FGF-23). Left ventricular ejection fraction (EF) was measured using echo-
cardiography.

Results. In patients with NYHA class I-1I CHF, the serum concentration of vitamin
D decreased by approximately 50% compared to the control group (p<0.001), while in
NYHA class III-IV the decrease reached 2.5-fold (p<0.001). Calcium levels were reduced
mainly in NYHA class III-IV patients by 9.3% (p<0.001). Phosphorus concentrations in-
creased significantly both in the early and advanced stages of CHF, by 58.6% (p<0.001) and
62.0% (p<0.001), respectively. Compared with controls, PTH, endothelin-1, and FGF-23
levels were elevated in NYHA class I-1I by 54.2% (p<0.001), 10.8% (p=0.003), and 53.1%
(p<0.001), respectively; in NYHA class III-1V, the increases were 95% (p<0.001), 20.0%
(p<0.001), and 62.3% (p<0.001), respectively. Correlation analysis revealed a statistically
significant positive correlation between vitamin D levels and EF, whereas negative cor-
relations were observed between vitamin D and PTH, FGF-23, and endothelin-1. These
findings indicate that heart failure progresses through both metabolic and immunological
mechanisms.

Conclusion. The present study demonstrated that vitamin D deficiency in patients with
CHF worsens progressively with higher NYHA functional classes, and this deficiency is closely
associated with alterations in several biochemical markers. A strong positive correlation was
established between vitamin D levels and EF. These results confirm the essential regulatory
role of vitamin D in the cardiovascular system.
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Introduction

The global prevalence of arterial hyperten-
sion, ischemic heart disease, and type 2 diabe-
tes mellitus has led to an increasing number
of patients with chronic heart failure (CHF).
Despite advancements in treatment and pre-
ventive strategies, CHF remains associated
with high mortality, frequent hospitalizations,
and the progression of comorbid conditions
(Kampka, Z., Czapla, D., Wojakowski, W.,
Stanek, A. 2025; IyngkaranP., ThomasM.,
HorowitzJ.D., KomesaroffP., Jelinek M.,
HareD. L., 2021). Therefore, additional ther-
apeutic approaches are needed to improve
prognosis and quality of life in patients with
CHF. Recent studies have demonstrated that
vitamin D plays an important role in cardio-
vascular health, particularly in individuals
with heart failure. Vitamin D deficiency has
been associated with an increased risk of
CHF and a more severe clinical course of the
disease (Kampka, Z., Czapla, D., Wojakow-
ski, W., Stanek, A. 2025; Mohanty V., Patha-
nia M., Bhasi A., 2022). The relationship be-
tween vitamin D deficiency and heart failure
can be explained by multiple pathophysio-
logical mechanisms. Vitamin D deficiency
may directly and indirectly contribute to the
development of CHF. Low vitamin D levels
activate the renin—angiotensin—aldosterone
system (RAAS), resulting in sodium and
water retention (DengC., WuY., 2025). De-
creased serum calcium levels, often observed
in vitamin D deficiency, impair myocardial
contractility, leading to systolic dysfunction.
The active form of vitamin D, 1,25(0OH)2D,
stimulates calcium influx into cardiomyo-
cytes through calcium channels, exerting
a positive chronotropic effect (HagauA.C.,
Puscas A., Toganel R., Muntean I., 2023). Cal-
cium deficiency also contributes to secondary
hyperparathyroidism and increased parathy-
roid hormone (PTH) secretion, which in turn
promotes myocardial fibrosis, hypertrophy,
and impaired left ventricular systolic function
(BusaV., Dardeir A., MarudhaiS., Patel M.,
SubasS. V., Ghani M. R., CancarevicI., 2020).
Preclinical studies have shown that calcitriol,
the active metabolite of vitamin D, can in-
hibit cardiomyocyte hypertrophy and prolif-
eration, leading to a reduction in natriuretic
peptide secretion (MohantyV., Pathania M.,
BhasiA., 2022).

Section 4. Medical science

In CHEF, there is a complex interplay be-
tween PTH, endothelin-1 (ET-1), and fibro-
blast growth factor 23 (FGF-23), with their
circulating levels varying according to disease
severity. PTH regulates calcium and phos-
phate metabolism by increasing phosphate re-
absorption in the kidneys and stimulating ac-
tive vitamin D synthesis. In contrast, FGF-23
enhances phosphate excretion and inhibits
active vitamin D synthesis by activating the
Klotho-FGFR1 complex in parathyroid cells,
thereby initiating the MAPK signaling path-
way and suppressing PTH secretion. ET-1,
a potent vasoconstrictor peptide produced by
endothelial cells, exerts regulatory effects on
both the heart and kidneys. Elevated ET-1 lev-
els in CHF contribute to vascular dysfunction
and cardiac hypertrophy. Some studies have
also suggested interactions between ET-1 and
FGF-23 in the progression of cardiovascular
disease (Vergaro, G., Del Franco, A., Aimo, A.
etal., 2023; Faul C., 2018).

Although vitamin D deficiency has been
implicated in the pathogenesis of CHF, par-
ticularly in myocardial fibrosis, its role is not
yet fully elucidated. Moreover, the relation-
ship between vitamin D levels, CHF severity,
and fibrotic markers remains insufficiently
studied. The most active form of vitamin D,
1,25(0H)2D (calcitriol), is widely used in the
diagnosis of vitamin D deficiency (Kampka, Z.,
Czapla, D., Wojakowski, W., Stanek, A., 2025).

The functional status of CHF patients is
classified according to the New York Heart
Association (NYHA) functional -classes,
which reflect disease progression and quality
of life. Comparing clinical and laboratory in-
dicators across NYHA I-II and NYHA III-IV
functional classes provides valuable insights
into patients’ pathophysiological state and
therapeutic needs.

Objective. The aim of this study was to
investigate the role of selected biochemical
markers in the relationship between vitamin
D levels and disease severity in patients with
CHF.

Materials and Methods
This study included 219 patients with
CHF aged 30-89 years (mean 61.5 + 0.7
years). Among them, 123 patients (mean age
60.4 + 1.0 years) were classified as NYHA
I-1I, and 96 patients (mean age 62.9 + 1.0
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years) as NYHA III-IV. A control group con-
sisted of 51 clinically healthy individuals
(mean age 54.3 + 0.5 years). Patients with
impaired renal function were excluded from
the study. Only patients with reduced ejec-
tion fraction (HFrEF) were included, i.e.,
those with impaired myocardial contractility
and ejection fraction (EF) <40%.

Serum concentrations of vitamin D, PTH,
ET-1, and FGF-23 were measured using ELI-
SA kits (Bioaktiva Diagnostic). Serum creat-
inine, calcium, and phosphorus concentra-
tions were analyzed by biochemical methods
using kits manufactured by “Human.”

For statistical analysis, the nonparamet-
ric Mann—Whitney U test was applied. Data
were expressed as Me (median), Q1 (first
quartile, 25%), and Q3 (third quartile, 75%).

Section 4. Medical science

Statistical analysis was performed using
SPSS version 26. Correlations were assessed
using Spearman’s rank method. Differences
between groups were considered statistically
significant at p<0.05.

Results and Discussion
According to echocardiographic data, the
mean EF in NYHA class I-II patients was
39.5 £ 0.7%, and in NYHA class III-IV pa-
tients it was 35.8 + 0.8%, compared with 66.9
+ 0.8% in the control group. EF was reduced
by 69.4% (p<0.001) in NYHA class I-1I and
by 86.9% (p<0.001) in NYHA class III-IV
patients compared with healthy controls.
Moreover, EF in NYHA class III-IV patients
was 10.3% lower than in those with NYHA

class I-II CHF (p=0.003) (Table 1).

Table 1. Functional and some biochemical parameters of patients with CHD

Groups
parameters Control I-II NYHA IITI-IVNYHA
M Me QL Q3 M Me QL Q3 M Me Q1 Q3

Bjectionfrac- o5 600 620 71,0 395 400 330 460 368 375 315 415

tion, %

P; P, <0,001 <0,001 0,003
Creatir(‘;ln’ ma/ 596 088 0,76 0,96 090 092 079 1,00 089 089 076 1,01

p; P, 0,112 0,488 0,376
VitD,nq/ml 43,5 42,0 380 480 286 290 21,0 370 20,5 17,5 12,5 28,0

Di D, <0,001 <0,001 <0,001
PTH,pq/ml 384 37,7 259 50,9 586 57,1 483 672 61,9 61,2 50,6 69,4

P; D, <0,001 <0,001 0,099

mni)l/l 1,14 1,106 1,05 1,23 1,89 1,84 1,50 2,31 191 1,88 1,62 222

p; P, <0,001 <0,001 0,804
Camq/dl 93 94 89 96 92 91 84 98 86 86 80 91

Di D, 0,083 <0,001 <0,001
FGF-23,pq/ml 48,3 482 39,1 61,2 550 53,4 489 629 582 564 47,1 659

p; P, 0,003 <0,001 0.194
Endotelin-1, = o s 40 67 92 91 79 105 11,8 115 99 136

pq/ml

P; D, <0,001 <0,001 <0,001

Note: M represents the mean value; Me — the median; Q1 — the first quartile (25th
percentile); Q3 — the third quartile (75th percentile). p indicates statistical significance
compared with the control group, and p1 — compared with patients in NYHA class I-I11
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The present study demonstrated that vi-
tamin D deficiency in patients with chronic
heart failure (CHF) progressively worsens in
parallel with the severity of the disease. Spe-
cifically, serum vitamin D levels were approx-
imately 50% lower in patients with NYHA
class I-II compared to the control group
(p<0.001), while in NYHA class III-IV, the
reduction reached 2.5-fold (p<0.001). More-
over, vitamin D concentrations in the NYHA
III-IV group were 65.7% lower than in the
NYHA I-II group (p<0.001), indicating
a more pronounced deficiency in advanced
stages. These findings suggest that the effects
of vitamin D extend beyond bone metabo-
lism, influencing myocardial structure, cel-
lular signaling pathways, and immune reg-
ulation (BaeS., SinghS.S., YuH., Leeld.Y,,
Cho B.R., Kang P. M. 2013).

The active form of vitamin D,
1,25(0OH)2D3, regulates calcium and phos-
phate homeostasis through the vitamin D re-
ceptor (VDR) and also modulates the renin-
angiotensin-aldosterone system (RAAS),
oxidative stress, and inflammatory cytokine
production (DentinoP., Morad.,, ZuoL.,
2025). In our study, patients in NYHA III-
IV exhibited a 9.3% decrease in serum cal-
cium (p<0.001), whereas phosphate levels
increased by 58.6% (p<0.001) and 62.0%
(p<0.001) in the early and advanced stages,
respectively. Comparatively, in NYHA III-1V,
phosphate levels did not significantly differ
from those in NYHA I-II (p=0.804), while
calcium decreased by 5.8% (p<0.001). One
of the main regulators of calcium-phosphate
metabolism is PTH, which increased by
53.1% in NYHA I-II (p<0.001) and 62.3%
in NYHA III-IV (p<0.001). PTH, FGF-23,
and calcitriol (1,25-dihydroxyvitamin D
[1,25(0OH)2D3]) are key endocrine hormones
controlling calcium and phosphate balance
through their actions on the kidney, bone,
and intestine (Murray S. L., Wolf M., 2024).

Vitamin D and PTH levels closely correlate
with CHF severity. As clinical heart failure
progresses, serum vitamin D significantly de-
creases, whereas PTH markedlyincreases (Bel-
enE., TipiF.F., AykanA.C., Findik¢iogluU.,
KarakusG., YesilA., HelvaciA., Kalayciog-
IuE., Cetin M. 2014). These alterations reflect
the hypocalcemia and hyperphosphatemia
associated with vitamin D deficiency, which

Section 4. Medical science

naturally coincides with elevated FGF-23
levels (SciallaJ.J., Wolf M. 2014). FGF-23 is
predominantly synthesized by osteocytes and
osteoblasts and plays a critical role in phos-
phate homeostasis and vitamin D metabo-
lism. It reduces renal phosphate reabsorption
and inhibits the synthesis of 1,25(OH)2Ds. In
CHF, elevated FGF-23 is associated with left
ventricular hypertrophy, myocardial fibrosis,
and electrophysiological changes. Notably,
FGF-23 can act in the heart independently
of its cofactor Klotho, contributing directly to
myocardial injury and remodeling. Literature
evidence indicates that FGF-23 stimulates left
ventricular hypertrophy and fibrosis and can
activate pro-inflammatory signaling pathways
(StohrR., SchuhA., HeineG.H., Branden-
burgV., 2018).

In our study, FGF-23 levels increased by
10.8% in NYHA I-II (p=0.003) and by 20.0%
in NYHA III-1IV (p<0.001), reflecting myo-
cardial remodeling mechanisms associated
with vitamin D deficiency and phosphate
load. FGF-23, a ~32 kDa hormone secreted
by osteocytes and osteoblasts, is a principal
regulator of vitamin D and phosphate ho-
meostasis and has been linked to multiple
cardiovascular manifestations. Experimental
studies demonstrated that FGF-23 infusion
induces cardiomyocyte hypertrophy and left
ventricular hypertrophy (LVH). Higher cir-
culating FGF-23 levels are associated with an
increased risk of cardiovascular events, inde-
pendent of renal function or other mineral
metabolites (BatraJ., ButtarR.S., KaurP.,
Kreimerman J., Melamed M. L., 2016).

FGF-23 receptors are expressed in the
myocardium, and experimental and clinical
studies support its role in LVH, fibrosis, and
dysfunction. The combination of elevated
FGF-23 and low Klotho levels is associated
with increased risk of cardiovascular death
or hospitalization for heart failure in patients
with stable ischemic heart disease. Similarly,
higher FGF-23 levels correlate with a signifi-
cant risk of heart failure development in hy-
pertensive patients. FGF-23 enhances renal
phosphate excretion and suppresses PTH
synthesis. It is independently associated with
mineral biomarkers including 25-hydroxyvi-
tamin D, plasma phosphate, calcium, PTH,
and endothelin. FGF-23 correlates with left
ventricular hypertrophy and remodeling
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post-myocardial infarction. Recent evidence
indicates myocardial production and release
of FGF-23, with increased protein and mRNA
expression, suggesting at least partial myo-
cardial origin of circulating FGF-23 after in-
farction (Binnenmars, S. H., Hoogslag, G. E.,
Yeung, S. M. H., Brouwers, F. P., Bakker, S.
J. L., van Gilst, W. H., Gansevoort, R. T., Na-
vis, G., Voors, A. A., & de Borst, M. H., 2022).
Current data also suggest that RAAS ac-
tivation induces FGF-23 expression in the
myocardium, which may promote fibrotic
pathways in fibroblasts, contributing to car-
diac remodeling and dysfunction (Vergaro,
G., Del Franco, A., Aimo, A. et al., 2023).
FGF-23, in turn, activates RAAS and induces
left ventricular hypertrophy, partly through
vitamin D suppression. Cross-talk between
FGF-23 and RAAS contributes to myocardi-
al hypertrophy and fibrosis. Previous studies
have shown a significant association between
high circulating FGF-23 and reduced ejec-
tion fraction (NakanoT., Kishimoto H., To-
kumoto M., 2023). Elevated FGF-23 is also
clinically linked to endothelial dysfunction,
potentially by impairing nitric oxide bio-
availability, a central mechanism of endothe-
lial dysfunction (Silswal N., Touchberry C. D.,
Daniel D.R., McCarthyD. L., ZhangS., An-
dresenJ., Stubbs J. R., Wacker M. J., 2014).
In our cohort, endothelin-1 levels increased
by 54.2% in NYHA I-II (p<0.001) and by 95%
in NYHA III-IV (p<0.001). Levels in NYHA
ITT-IV were 26% higher than in NYHA I-II
(p<0.001). Endothelin-1 is a potent vasocon-
strictor promoting endothelial dysfunction and
increasing cardiac load. Its elevation in CHF is
associated with left ventricular hypertrophy,
fibrosis, and myocardial dysfunction. Vitamin
D deficiency—related pro-inflammatory cy-
tokines can directly and indirectly modulate
endothelin-1 synthesis. Reduced endothelial
NO production in vitamin D deficiency con-
tributes to increased ET-1 levels (Dmour B. A.,
Badescu M. C., TuchilusC., Cianga C. M., Con-
stantinescu D., DimaN., DucaS.T., DmourA.,
CostacheA.D., Cepoi M. R., Crisan A.,
LeancaS. A., Loghin C., Serban I. L., Costache-
Enache II. 2025; ShantsilaE., WrigleyB.J.,
BlannA.D., GillP.S., LipG.Y. 2012; WooJ.S.,
WooY., JangJ.Y.,, HaS.J., 2022). Endothe-

Section 4. Medical science

lin-1 belongs to a family of peptide hormones
of endothelial origin, which also regulate bone
cell proliferation and differentiation, influenc-
ing FGF-23 synthesis (Feger M., EwendtF.,
Menzel M., Hocher B., Foller M., 2020).

Our correlation analysis confirmed a sig-
nificant inverse relationship between vitamin
D and FGF-23 levels (p = -0.627; p < 0.01),
highlighting the compensatory increase in
FGF-23 in response to vitamin D deficiency.
Furthermore, a negative correlation between
FGF-23 and ejection fraction (AF) was ob-
served (p = —0.60; p < 0.01), indicating that
elevated FGF-23 contributes to myocardial
hypertrophy and diastolic dysfunction.

Endothelin-1 (ET-1), a potent vasocon-
strictor promoting endothelial dysfunction
and increasing cardiac load, was significant-
ly elevated: 54.2% in NYHA I-II (p<0.001)
and 95% in NYHA III-IV (p<0.001). Lev-
els in NYHA III-IV were 26% higher than
in NYHA I-II (p<0.001). ET-1 elevation in
CHF is associated with left ventricular hy-
pertrophy, fibrosis, and impaired myocar-
dial function. Correlation analysis demon-
strated a significant inverse relationship
between vitamin D and ET-1 (p = —0.528;
p < 0.01), supporting the role of vitamin D
deficiency in endothelial dysfunction and
inflammatory activation.

Vitamin D levels also positively correlat-
ed with AF (p = 0.724; p < 0.001), indicat-
ing that higher vitamin D concentrations
are associated with improved myocardial
contractility. These findings highlight the
multifaceted role of 1,25(0OH)2Ds in cardio-
vascular function, including the regulation
of calcium-phosphate balance, suppression
of RAAS activity, and modulation of inflam-
matory processes.

Conclusion

Overall, the observed hormonal and bio-
chemical changes — reduced vitamin D and cal-
cium, increased phosphate, PTH, FGF-23, and
ET-1-contribute to myocardial remodeling, fi-
brosis, and worsening cardiac function in CHF
patients. This study emphasizes that correcting
vitamin D deficiency may have a beneficial im-
pact on disease progression and prognosis in
patients with chronic heart failure.
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