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Togănel, R.; Muntean, I. Is

Hypovitaminosis D a Risk Factor for

Heart Failure? Life 2023, 13, 372.

https://doi.org/10.3390/

life13020372

Academic Editors: Rasmus Rivinius,

Andreas Doesch and Daniel Oehler

Received: 20 December 2022

Revised: 20 January 2023

Accepted: 22 January 2023

Published: 29 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

life

Systematic Review

Is Hypovitaminosis D a Risk Factor for Heart Failure?
Asmaa Carla Hagău 1, Amalia Pus, cas, 2, Rodica Togănel 3 and Iolanda Muntean 4,*

1 Doctoral School of Medicine and Pharmacy, I.O.S.U.D., George Emil Palade University of Medicine,
Pharmacy, Science, and Technology of Targu Mures, Emergency Institute for Cardiovascular Diseases and
Transplantation of Târgu Mures, , 540136 TarguMures, Romania

2 Department of Biochemistry and Chemistry of Environmental Factors, Faculty of Pharmacy,
University of Medicine, Pharmacy, Science and Technology “George Emil Palade” of Targu Mures,
540142 Targu Mures, Romania

3 Department of Paediatrics, George Emil Palade University of Medicine, Pharmacy, Science, and Technology of
Targu Mures, 540142 Targu Mures, Romania

4 Clinic of Paediatric Cardiology, Emergency Institute for Cardiovascular Diseases and Transplantation of
Târgu Mures, , University of Medicine, Pharmacy, Sciences and Technology “George Emil Palade” of
Targu Mures, 540142 Târgu Mures, , Romania

* Correspondence: iolanda.muntean@gmail.com; Tel.: +40-744372276

Abstract: Background: Several studies in recent years have shown the association between vitamin
D levels and heart failure. Vitamin D deficiency is related to increased cardiovascular morbidity
and mortality, with a higher risk of developing heart failure. In this systematic review, we aimed
to assess recent studies that analyzed vitamin D deficiency and heart failure in adult and pediatric
populations. (2) Methods: We conducted a systematic search for studies published in the following
databases: PubMed and Scopus from January 2012 to October 2022. (3) Results: Most observational
studies that were included found a significant association between hypovitaminosis D and heart
failure. However, the beneficial role of vitamin D supplementation is still controversial due to the
lack of randomized controlled trials. (4) Conclusions: Vitamin D may play an important role as a
cardiovascular marker in heart failure patients. More well-designed studies are needed to investigate
the relationship between vitamin D and heart failure and to determine if vitamin D supplementation
could improve long-term outcomes.

Keywords: Vitamin D deficiency; cardiovascular; risk factors; heart failure; adults; children

1. Introduction

According to the European Society of Cardiology, heart failure (HF) is one of the
leading causes of hospitalization in people over the age of 65, with an incidence of
1–2% in the general population and more than 10% in patients above 70 years [1]. In
the United States, almost 6 million patients have HF, with an annual mortality rate of over
300.000 deaths [2]. Despite recent advances in pharmacological therapy, cardiovascular
diseases remain a major contributor to mortality and morbidity in both pediatric and adult
populations. One of the primary reasons for this is that as life expectancy has increased, so
has the number of elderly patients with significant comorbidities such as diabetes mellitus
or hypertension. Even though multiple risk factors for cardiovascular diseases are known,
in recent years, studies have focused on novel risk factors that can predict patient prognosis.
Because vitamin D is a modifiable factor, its effects on different systems have received
attention in recent years. Numerous studies have linked hypovitaminosis D as a risk
factor for cardiovascular diseases such as HF, hypertension, or atrial fibrillation. However,
the role of vitamin D in preventing and treating cardiovascular diseases is still debatable
because results from observational trials and randomized controlled trials are controversial.
Therefore, this review aims to summarize the implications of vitamin D in HF adults and
pediatric patients.
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2. Materials and Methods

This paper is a systematic review of articles offered by the scientific literature regarding
vitamin D deficiency and supplementation in the context of HF published in the following
databases: PubMed and Scopus from January 2012 to October 2022. We included original
research studies on human subjects from both adult and pediatric populations, written in
English, that summarize the available evidence regarding the role of vitamin D in heart
failure. Papers and experimental studies that were not available in English were excluded.
Experimental studies were being used only to describe the pathophysiological mechanisms
involved. The following keywords were used for the search: “heart failure and vitamin D”,
“vitamin D deficiency”, and ”Vitamin D and cardiovascular”. To summarize the review
process, we used the Preferred Reporting Item for Systematic Review and Meta-analysis
(PRISMA) 2020 guidelines, which are shown in Figure 1. After removing duplicates with
EndNote 9, screening of title and abstract, application of eligibility criteria, and quality
appraisal, articles were retained for systemic review.
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3. Mechanism of Action

Vitamin D is considered a steroid hormone that is known for its crucial role in calcium
homeostasis and its actions on the musculoskeletal system.

Vitamin D is usually obtained through either sunlight exposure or dietary intake.
The cutaneous synthesis of vitamin D begins in the skin after exposure to ultraviolet light
when the precursor molecule 7-dehydrocholesterol is photoconverted to provitamin D3.
After this process, vitamin D ingested from the diet and synthesized in the skin requires



Life 2023, 13, 372 3 of 15

two hydroxylation processes catalyzed by 1α-Hydroxylase; the first process occurs in
the liver, where 25-hydroxyvitamin D (25-OHD) is formed, and the second one in the
kidneys, where the active metabolite of vitamin D, 1α,25-dihydroxy vitamin D (1.25-OHD),
is formed [3].

The biological effects of 1.25-OHD are regulated both directly and indirectly. First
and foremost, in vitro studies discovered the presence of 1α,-Hydroxylase in multiple
tissues throughout the body, such as intestinal cells, cardiomyocytes, smooth muscle
fibers and lymphocytes, implying that the biologically active form of vitamin D can be
converted into cells other than hepatic and renal cells [4]. Second, 1.25-OHD binds to the
intracellular vitamin D receptors (VDR). Due to its liposoluble molecule, vitamin D has
the potential to cross the cellular membrane and bind with VDR in the cytoplasm of the
cells. Together, vitamin D and VDR form a complex that translocates into the nucleus and
activates the transcription of specific genes responsible for the vitamin D effects, therefore
regulating gene expression. Experimental studies have shown that VDR is also present
in the cytoplasm of almost all tissues, including cardiomyocytes, vascular smooth cells,
fibroblasts and immune cells [5]. Therefore, due to its genomic and non-genomic effects,
studies have estimated that vitamin D is capable of controlling almost 3% of the human
genome [6]. This might explain the numerous actions of vitamin D regarding other tissues,
such as the cardiovascular, endocrine or immune systems.

Although 1.25-OHD is the biologically active form of the hormone, it is rarely used
in clinical practice because its serum concentration can be influenced by other external
factors. For example, the production of 1.25-OHD can be influenced by renal diseases,
phosphorus and calcium can suppress 1.25-OHD synthesis and parathyroid hormone (PTH)
can stimulate its synthesis [7]. Therefore, in order to determine vitamin D deficiency, the
pre-hormone 25-OHD is usually used in clinical practice due to its relative stability, an
almost 1000 times higher concentration in the plasma and a longer half-time of approx-
imately 3 weeks [8]. However, it is important to mention that 25-OHD levels may not
accurately reflect vitamin D status in patients with different diseases and physiological
factors that can affect only the active metabolite. For example, to limit research bias in
clinical practice, in some patients that associate bone mineral disease or renal diseases, it
is recommended to use the active metabolic form to evaluate vitamin D status. Based on
25-OHD levels, there are many definitions regarding vitamin D normal concentrations.
However, there is still a lack of consensus among specialized societies regarding vitamin
D status levels. According to the American Society of Pediatrics and Medicine Institute,
vitamin D deficiency is considered when 25-OHD levels are below 20 ng/mL, vitamin D
insufficiency is considered when 25-OHD is between 20–29 ng/mL and optimal level of
vitamin D when 25-OHD levels are above 30 ng/mL [9]. However, the Endocrinology
Society considers vitamin D insufficiency when 25-OHD levels are below 30 ng/mL and
optimal when 25-OHD levels are above 30 ng/mL (>75 nmol/L) [10]. In addition, the
recommendation of optimal vitamin D supplementation is still debatable, ranging between
600–2000 international units (IU) [11–13]. Despite the novel studies involving vitamin
D in cardiovascular diseases, current recommendations for vitamin D supplementation
are still based on the vitamin D levels needed to prevent rickets in pediatric patients and
osteomalacia in the adult population.

Across the globe, according to World Health Organization, approximately a million
people suffer from vitamin D deficiency. As stated above, clinicians use 25-OHD to deter-
mine vitamin D deficiency, so these numbers may not accurately reflect the active metabolite
1.25-OHD status in the general population. To begin, some important factors that can affect
vitamin D production include insufficient sunlight exposure, changing seasons, increased
sunscreen use, aging and an unbalanced dietary intake. Furthermore, skin pigmentation
can interfere with vitamin D production because higher levels of melanin in the epidermis
reduce ultraviolet light penetration, making people with darker skin more prone to vitamin
D deficiency [14]. In the pediatric population, breastfeeding infants are more predisposed
to have vitamin D deficiency due to low concentrations of vitamin D in breast milk [15].
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Epidemiological studies have revealed that nearly 80% of patients with HF have hypovita-
minosis D. In both clinical and experimental studies, vitamin D levels have been linked to
chronic HF [16].

4. Vitamin D and Heart Failure

Heart failure is a complex pathophysiological syndrome characterized by typical
signs and symptoms in which the ability of the heart to supply blood is impaired due
to a structural or functional cardiac pathology [1]. Because it is the final step in most
cardiovascular diseases, it is regarded as a major health burden worldwide.

Some proposed hypotheses could explain the association between vitamin D and HF.
Low vitamin D levels can activate several HF pathogenesis pathways, including cardiac
remodeling, inflammation, calcium-modulating effects and renin-angiotensin-aldosterone
system (RAAS). In addition, hypovitaminosis D can contribute to the progression of HF.

To begin with, experimental studies have shown that vitamin D has local effects on
cardiomyocytes via local conversion controlled by 1α-Hydroxylase. The action of 1.25-OHD
at voltage-gated calcium channels in cardiomyocytes causes a rapid influx of calcium in
cardiac cells. First, it is known that calcium plays a key role in cardiac contractility, with a
positive inotropic effect [17]. Second, the binding between 1.25-OHD to VDR modulates the
indirect effects of 1.25-OHD on cardiomyocytes by altering RAAS. Experimental studies
have shown the critical role played by vitamin D as a potent regulator of renin biosynthesis.
In vitro, 1.25-OHD binding to VDR has the potential to suppress renin gene transcription
regardless of calcium levels. Increased renin and angiotensin II levels have also been
reported in animal models using VDR-null mice. As a result, in VDR-null mice, renin and
angiotensin II overproduction was linked to the development of cardiac hypertrophy as
well as increased water and sodium absorption, resulting in hypertension [18,19]. Third,
experimental studies have also described the effect of vitamin D on extracellular matrix
turnover, with the activation of tissue inhibitors of matrix-metalloproteinases, implying an
anti-fibrotic and cardioprotective effect of vitamin D against the cardiac remodeling pro-
cess [5]. These findings were also supported by in vitro studies and histological studies on
explanted hearts, which found a significant association between low 25-OHD levels and fi-
brosis [20,21]. In addition, chronic HF is characterized by persistent systemic inflammation
and an imbalance between the production of oxygen free radicals and antioxidants, result-
ing in oxidative stress. Accumulation of free oxygen radicals increases pro-inflammatory
cytokines, such as TNF-alpha, IL-1 and IL-6, which causes cardiomyocyte death and inten-
sifies cardiac dysfunction. The maladaptive process of replacing necrotic myocytes results
also in cardiac fibrosis [22,23]. In vitro studies have linked hypovitaminosis D with elevated
TNF-α levels and decreased IL-10 concentrations, suggesting an immunomodulatory effect
and anti-inflammatory response of vitamin D. Furthermore, it is known that hypovita-
minosis D causes hypocalcemia that stimulates parathyroid hormone secretion, another
risk factor currently investigated for its involvement in cardiovascular diseases [24–26].
Recent studies also support these findings (Table 1).
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Table 1. Major studies regarding the clinical relevance of vitamin D in HF adult patients.

First
Author/Year Study Design Sample

Size/Age
Mean

Follow-Up Outcome/Endpoint Results

Liu et al., 2012 [2]
Prospective

observational
study

13.131
≥35 years 8 years

Cardiovascular
events and
mortality

1.11 HR (95% CI 0.93–1.33) and
1.40 HR (95% CI 1.17–1.68) for

all-cause mortality in those with
serum 25(OH)D insufficiency and
those with deficiency, respectively,
compared to those with normal

serum 25(OH)D level

Welles et al., 2013
[27]

Prospective
observational

study

946
>18 years 8 years Cardiovascular

events

1.50 HR (95% CI 1.19–1.90) for
cardiovascular events in patients

with vitamin D deficiency
(<20 nmol/L).

Gotsman et al.,
2014 [28]

Retrospective
Case-control

3009
75.9 ± 10.7 years 518 days Cardiovascular

mortality

1.52 HR (95% CI 1.21–1.92) for
1.6-year mortality in patients with

vitamin D deficiency
(<25 nmol/L).

Grunson et al.,
2015 [29]

Prospective
observational

study

170
n = 134 males 4.1 years Cardiovascular

mortality

1,25(OH)2D significantly
predicted long-term CV death in

HF patients and heart
transplantation

Constanzo et al.,
2017 [30]

Prospective
observational

study

19.092
35–99 years 6.2 years HF risk of

hospitalization

1.61 HR (95% CI 1.06–2.43) in
patients with vitamin D

deficiency (<10 nmol/L), 1.14 HR
(95% CI 0.81–1.61) in patients
with vitamin D insufficiency

(10–29 nmol/L) compared with
those with a normal level.

Saponaro et al.,
2018
[31]

Prospective
observational

study

247
65 ± 13 years 2.10 years Cardiovascular

mortality

0.62 (95% CI 0.39–0.99) 25-OHD
levels as an independent

predictor of HF related-death
Vitamin D insufficiency was

associated with reduced survival
in HF patients (log-rank

p = 0.017).

Nolte et al., 2019
[32]

Prospective
observational

study

787
50–85 years 5 years

Cardiovascular
events, mortality

and hospitalization

Lower 25(OH)D levels (per
10 ng/mL decrease)

- tended to be associated with
higher 5-year mortality- 1.55
HR [p = 0.05, 1.00; 2.42].

- related to an increased
rate of cardiovascular
hospitalizations- 1.74 HR
[p = 0.02, 1.08; 2.80], and
remained

Dai et al.,
2021 [33]

Prospective
observational

study

37.079
40–69 years 11.7 years Cardiovascular

mortality

Increasing levels in serum
25(OH)D were independently

associated with a decreased risk
of all-cause and cause-specific
mortality and then reached a
plateau at around 50 nmol/L

25(OH)D

HR: hazard ratio, 25-OHD: 25-dihydroxivitamin D, HF: heart failure, CVD: cardiovascular death.
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It is important to mention that dilated cardiomyopathy (DCM) is considered one of
the leading causes of advanced HF, making DCM the most common indication for adult
and pediatric heart transplants [34]. In the adult population, observational studies found a
significant association between 25-OHD levels and advanced HF. Karoli et al. found that
25-OHD serum levels were significantly lower in patients with dilated cardiomyopathy
(DCM) and advanced HF compared to the control group (p = 0.001). Furthermore, the
researchers discovered a significant negative correlation between 25-OHD levels, NT-
proBNP (r = −0.32; p = 0.02) and left ventricle (LV) systolic (r = −0.38; p = 0.01) and
diastolic dimensions (r = −0.35; p = 0.01) [35]. Similar results were observed in other
scientific studies [36,37]. In contrast, Pandit et al. described no association between vitamin
D deficiency and advanced HF, but hypovitaminosis D was found to be significantly related
to interventricular septum dimensions and LV mass index [38]. However, due to the
observational study designs, it is still unclear if vitamin D deficiency is directly involved in
DCM and HF pathogenesis or if it is secondary to limited functional capacity and lack of
sunlight exposure. Interestingly, in the pediatric population, there are some case reports of
infants with DCM associated with hypocalcemia and vitamin D deficiency. After treatment
with cardiotonics was initiated and vitamin D and calcium supplementation, myocardial
dilatation and dysfunction resolved completely [39–41]. In addition, in an observational
study with pediatric patients diagnosed with idiopathic DCM, Raafat et al. found a
significant negative correlation between vitamin D deficiency and fraction shortening
(r = −0.26, p = 0.04) and LV end-diastolic diameter (r = −0.37, p = 0.01) [42]. These reports
suggest that optimal levels of calcium and vitamin D are necessary for myocardial health.

In addition, an association between vitamin D and HF was not only found in patients
with advanced HF. Saponaro et al. confirmed the prevalence of lower vitamin D levels in
patients with mild/moderate HF [31]. Similar results were reported in a prospective study
with a nearly 5-year follow-up period that included patients (no. 780) with early-stage of
HF and HF with preserved ejection; lower 25-OHD concentrations at baseline were related
to the worse clinical outcome (p ≤ 0.002), reduced exercise capacity (p ≤ 0.001) and higher
NT-proBNP values (p ≤ 0.0023). Furthermore, low 25-OHD values were linked to a higher
5-year risk of mortality (p = 0.05, hazard ratio (HR) 1.55 [1.00; 2.42]) [32]. Interestingly,
while assessing BNP and vitamin D levels in a Japanese population, Otani et al. discovered
that despite lower BNP values in patients with preserved ejection fraction compared with
those with impaired ejection fraction, both groups had similar impairment of 25-OHD
concentration, with 25-OHD levels being a significant independent predictor of death [43].

Surprisingly, similar findings were also seen in healthy patients with hypovitaminosis
D. While investigating the relationship between 25-OHD levels and LV function in patients
without HF, Fall et al. found significantly lower values of LV end-systolic diameter and
better systolic function in patients with higher 25-OHD levels at baseline [44]. In addition,
Ameri et al. discovered that 25-OHD was significantly correlated with LV thickness and
LV mass index. Furthermore, subjects with lower 25-OHD values were more prone to
LV remodeling (odds ratio (OR) 1.24; 95% confidence interval (CI) 0.83–1.85) and LV
hypertrophy [45]. Therefore, regardless of the presence of HF, these findings suggest an
association between vitamin D status and left ventricular remodeling [38,44,45].

Similar results were reported in studies that examined the relationship between vi-
tamin D and HF concerning various comorbidities. In The Ludwigshafen Risk and Car-
diovascular Health study conducted on patients with metabolic syndrome (no. 1801),
those with optimal levels of vitamin D had an 85% lower risk of sudden cardiac death
(HR 0.15 [95% CI 0.04–0.6]) compared to those with severe deficiency of vitamin D (below
25 nmol/L) [46]. It is important to mention that, despite the 7.7-year follow-up, one of the
main limitations of this study is that vitamin D status was assessed only at a one-time point,
at the beginning of the study, and thus may not reflect vitamin D status in the long term.

These studies reveal that, despite a low level of vitamin D in the general population,
patients with HF have lower levels of vitamin D compared to the general population,
regardless of clinical severity or NYHA class. One possible explanation is the lack of
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sunlight exposure in patients with higher functional NYHA classes. It is well known that HF
patients are at risk of having low vitamin D serum levels due to limited effort capacity and
insufficient sunlight exposure. However, similar results were found in studies conducted
in sunny regions in both adult and pediatric populations, implying that hypovitaminosis D
is associated with HF and HF risk factors regardless of sunlight exposure [47,48].

It is worth mentioning that comparable results were found in other observational
studies that analyzed the biologically active form of vitamin D. Grunson et al. conducted a
prospective study including 170 patients with HF who were followed for a median time
of 4.1 years and described a significant association between low levels of 1.25-OHD and
HF, with 1.25-OHD concentrations being negatively correlated with the severity of HF
(p < 0.001) [29].

In contrast, a study designed by Kolaszko et al. that examined serum levels of vitamin
D and PTH in 127 patients with HF reported that mean PTH serum levels were signifi-
cantly higher in HF patients with worse NYHA class compared to the non-HF group, but
there were no differences in serum levels of vitamin D between the analyzed groups [26].
Wannamethe et al. observed comparable results in a prospective study on 3731 patients
who developed HF [25]. However, the Kolaszko study was performed on a small popula-
tion, with no follow-up measurements, whereas the Wannamethe et al. study examined
a population of predominantly white elderly male patients. In conclusion, extrapolating
these findings to the general population is difficult.

The immunomodulatory effect of vitamin D in relationship with HF was also analyzed
in observational studies. Ma et al. examined the connection between vitamin D levels and
pro-inflammatory/anti-inflammatory T cell lymphocytes in patients with HF. This study
showed a pro-inflammatory/anti-inflammatory T cell imbalance in HF patients, with anti-
inflammatory lymphocyte levels significantly reduced in patients with higher NYHA class
compared with the control group. Vitamin D levels were lower in HF patients and positively
correlated with anti-inflammatory T cells (r = 0.3617, p = 0.0045). Vitamin D concentrations
were found to be inversely related to natriuretic peptide levels (NT-proBNP) (r = −0.3544,
p = 0.0044) and higher clinical severity [49]. Afifeh et al. also described an inverse linear
relationship between 1.25-OHD and inflammation markers linked to cardiovascular risks,
such as C-reactive protein and fibrinogen [50]. Vasques et al. discovered a significant
inverse correlation between 25-OHD levels and Il-1, Il-6, Il-8 and TNF-α [51]. Due to the
immunomodulatory effect on anti-inflammatory and pro-inflammatory cytokines, these
studies suggest that vitamin D supplementation in HF patients may play an important role
in preventing HF progression.

Observational data revealed an inverse relationship between low vitamin D levels and
HF morbidity and mortality. Dai et al. reported an inverse relationship between higher
levels of serum vitamin D and all-cause mortality in a large observational study involving
approximately 37.000 patients. The researchers also reported a cut-off value for serum level
of vitamin D; in patients with levels below 50 nmol/L, a 10 nmol/L increase was associated
with a 9% reduced risk of cardiovascular mortality, whereas in patients with levels above
the cut-off point, there was no significant association between vitamin D concentrations
and cardiovascular mortality [33]. Constanzo et al. analyzed the role of hypovitaminosis
D in the prevalence of HF in a large cohort of adult Italians (no. 19.092) without prior HF
events. Almost 562 hospital admissions due to HF were recorded over a median follow-up
time of 6.2 years. In comparison to patients with normal 25-OHD, hypovitaminosis D,
independent of other risk factors, was associated with a higher risk of hospitalization
(HR: 1.61, 95%, CI: 1.06e2.43) and longer risk of total hospital days [30]. In a prospective
cohort study derived from The Heart and Soul Study, almost 1000 patients with HF were
followed-up on for an average of 8 years. During the study, 34.1% of patients experienced
a cardiovascular event. The authors observed a link between patients with 25-OHD levels
less than 20 ng/mL and cardiovascular events, with patients with 25-OHD levels less than
20 ng/mL having a 50% increased risk of cardiovascular events [27]. In a clinic-based study
conducted by Gotsman et al., patients with HF (no. 3009) had lower serum vitamin D
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levels compared to the control group (no. 46 825), with a higher prevalence of vitamin
D deficiency in HF patients (adjusted HR, 1.61 [95% CI: 1.08, 2.41]) [28]. Interestingly, in
both groups, vitamin D deficiency was an independent predictor of reduced survival and
higher mortality. However, the study’s design, with a higher proportion of patients in this
study being female and the follow-up time being relatively low (518 days), can limit its
applicability in a larger cohort of patients with cardiovascular diseases. In addition, the
results from an observational study conducted by Liu. et al., on 13.131 patients with a
medium follow-up time of 8 years, found a significant association between low levels of
vitamin D and an increased risk of HF and premature death in patients aged ≥ 35 years [2].
Comparable results were reported in other small studies [28,31,32,52–54]. These results
could imply that vitamin D could be a new risk factor for HF, and patients with HF and
hypovitaminosis D should be monitored to ensure adequate vitamin D levels. However,
despite the large number of patients included in these studies, the population analyzed
was heterogeneous, with a wide age range and diverse ethnicities; thus, the results may
not be generalizable to the larger population.

Wang et al. published in 2022 a meta-analysis that found patients with low levels of
25-OHD had a nearly 35% higher risk of mortality compared to patients with normal or
higher 25-OHD levels, suggesting that 25-OHD levels may be a significant predictor for
mortality in HF patients. Furthermore, every 10 nmol/L decrease in 25-OHD levels was
associated with a 10% increase in the risk of mortality [55]. Interestingly, contrary findings
were discovered in another recent meta-analysis from 2022 that examined eight global
observational studies with a total of 426.039 patients. The researchers discovered no link
between vitamin D levels and the risk of myocardial infarction or the incidence of HF. The
meta-analysis, on the other hand, found that patients with lower levels of vitamin D have a
higher risk of major cardiac events (95% CI 1.24 to 2.98, p = 0.003; I2 = 90%) [56].

5. Vitamin D Deficiency and Supplementation

Gotsman et al. tested vitamin D supplementation on 1783 HF patients with a standard
dosage between 800-1000 units per day. In this study, vitamin D supplementation was
associated with lower mortality in patients with vitamin D deficiency [28]. In contrast, a
large study by Scragg et al. did not find any significant difference in the percentage of
cardiovascular disease events between patients that received vitamin D supplementation
versus the placebo group [57]. However, in this study, patients received a monthly dose
of vitamin D versus a daily or a weekly one, which can be less effective. Moreover, only
24.9% of the population studied had vitamin D deficiency. Therefore, as suggested by
other observational studies, patients with optimal vitamin D may not need vitamin D
supplementation to prevent cardiovascular events (Table 2).
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Table 2. Major randomized-controlled trials regarding Vitamin D supplementation in HF patients.

First Author/Year Study Design Inclusion Criteria
Sample Size/Age Vitamin D Dosage and

Duration of Treatment
Follow-Up OutcomeTreatment Placebo

Shedeed et al., 2012
[58]

Prospective
double-blinded

Chronic HF patients <
18 years, LVEF < 40%

42 patients
10.3 ± 4.6 years

38 patients
11.2 ± 3.5 years 1.000 IU/day 3 months

Inflammatory markers,
Echocardiography

parameters

Schroten et al., 2013
[59]

Prospective
double-blinded

Chronic HF patients ≥
18 years

50 patients
64 ± 10 years

51 patients
63.5 ± 11.1 years 2.000 IU/day 6 weeks Laboratory, urine

analysis

Boxer et al., 2013
[60]

Prospective
double-blinded

Chronic HF patients ≥
50 years, NYHA II-IV,
25-OHD < 37.5 ng/ml

30 patients
65.8 ±

10.6 years

30 patients
66.0 ±

10.4 years
50.000 IU/week 6 months Peak Oxygen uptake,

6MWT

Dalbeni et al., 2013 [61] Prospective
double-blinded

Chronic HF, Patients >
40 years, LVEF < 55%,
NYHA > II, 25-OHD <

30 ng/ml

13 patients.
74.2 (66.6–81.9) years

10 patients
74.3 (62.7–85) years 4.000 IU/day 6 months

Inflammatory markers,
Echocardiography

parameters

Boxer et al., 2014
[62]

Prospective
double-blinded

Chronic HF patients,
NYHA II-IV, 25-OHD <

37.5 ng/ml

Mean age 65.8 ±
10.6 years

Mean age 66.0 ±
10.4 years 50.000 IU/week 6 months

Laboratory, urine
analysis,

Echocardiography
parameters

Moretti et al., 2017 Prospective
double-blinded

Chronic HF patients ≥
18 years, NYHA II-III 17 patients

Mean age 67 ± 11 years
19 patients

Mean age 65 ± 16 years 10.000 IU/day 6 months

Quality of life,
Laboratory, and

Cardiopulmonary
functions

Scragg et al., 2017
[57]

Prospective
double-blinded Age 50–84 years 2558 patients 2552 patients 200.000 IU first month

100.000 IU/monthly 3.3 years CVD mortality

Zitterman et al., 2019
[63]

Prospective
double-blinded 25-OHD < 75 ng/ml

80 patients
Mean age 55.5 (48–61)

years

81 patients
Mean age 54 (46–58)

years
4.000 IU/day 3 years

CVD mortality, HF
hospitalization, listing

for heart
transplantation,
hypercalcemia

Makoui et al., 2020
[64]

Prospective
double-blinded

Chronic HF patients,
Patients > 40 years,

NYHA I-III

41 patients
61.68 ± 19.8 years

41 patients
62.12 ± 18.2 years 50.000 IU/week 2 months Echocardiography

parameters

Mohanty et al., 2022
[65]

Prospective
non-randomized

Chronic HF patients
Patients > 18 years 97 patients

53.77 ± 13.02 years - 60.000 IU/week 3 months
Laboratory,

Echocardiography
parameters

HF- heart failure, LVEF- left ventricle ejection fraction, CVD- cardiovascular diseases, NYHA- New York Heart Association, 25-OHD- 25-dihydroxy vitamin D, IU- international units
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Another double-blind placebo-controlled study, The VINDICATE Study, described that
vitamin D supplementation with 4000 IU per day over the course of one year, on a cohort of
229 patients with HF, was associated with a significant improvement in cardiac function (6%
higher ejection fraction- 95% confidence interval (CI):3.20 to 8.95; p < 0.0001]) and structure
(reversal left ventricle remodeling with lower left ventricle end-diastolic [95% CI: −4.09 to
−0.90; p L’ 0.002] and end-systolic diameter [95% CI: −4.11 to −0.06 p L’ 0.043]). However,
this study failed to demonstrate their primary endpoint: they showed that vitamin D
supplementation did not improve exercise capacity measured with the six-minute walk
test [66]. Similar results were found in a small study by Boxer et al. after supplementation
with a higher dosage of vitamin D (50.000 IU /week) [60]. Even though the six-minute
walk test is usually used to assess the functional capacity of the patients, this test has
great variability among patients; therefore, it is hard to predict its applicability. In contrast,
in another recent study from 2022 conducted by Makoui et al. with the same dosage of
vitamin D supplementation (50.000 IU/week), the authors found a significant improvement
in heart failure class and cardiac function compared with the placebo group [60]. Increased
ejection fraction of the left ventricle was also found in another small study conducted
by Dalbeni et al. that found that vitamin D supplementation with the same dosage of
4000 IU/day for six months leads to an increased ejection fraction of the left ventricle
in the treated group compared to control group (p = 0.007), with a significant positive
correlation between vitamin D levels and ejection fraction (r Z 0.428; p Z 0.041) [61]. Similar
results were found by Mohanty et al. in a recent non-randomized prospective study from
2022. After supplementation with a dosage of 60.000 IU vitamin D/week, patients had
a significant decrease in NT-proBNP, with significant improvement in cardiac function
and structure [65]. Interestingly, similar results were found in a study in infants with
congestive HF and low levels of vitamin D. Despite different etiologies of HF, in association
with HF therapy, after 3 months of vitamin D supplementation, significant improvement
in cardiac structure and function was found (left ventricle ejection fraction, left ventricle
end-diastolic and end-systolic diameter and myocardial performance index). In addition,
after supplementation, higher levels of anti-inflammatory cytokines were found, with
reduced concentrations of TNF-alpha and IL-6, known for their pro-inflammatory action
(p < 0.001) [58].

Schroten et al. found a significant reduction in plasma renin levels after six weeks of
vitamin D supplementation with 2000 IU in patients with HF [59]. Boxer et al. found that
vitamin D supplementation with 50.000 IU/week caused a decrease in aldosterone serum
levels after a follow-up of six months [62]. However, despite a higher dosage of vitamin D
supplementation, they did not find clinical improvement or echocardiographic changes in
patients with HF.

However, in the EVITA trial (Effect of Vitamin D on All-Cause mortality in Heart
Failure Patients), one of the largest double-blinded trials, the results were different. With a
3-year follow-up and over 400 HF patients included, after vitamin D supplementation with
4.000 IU/day, results showed similar mortality between treated patients and the control
group [63].

The results of large meta-analyses are controversial. On the one hand, three meta-
analyses of vitamin D supplementation reported decreases in mortality. Neghedi et al., after
including 11 trials, found that vitamin D supplementation can increase ejection fraction in
HF patients by 3.3% (p = 0.006) [67]. Zhao et al. sustained that vitamin D supplementation
could reduce left ventricle end-diastolic diameter (MD = −2.31 mm, 95% CI −4.15 to −0.47,
p = 0.01) and increase left ventricle ejection fraction (MD = 4.18%, 95% CI 0.36 to 7.99,
p = 0.03). However, those findings were more effective in patients with reduced ejection
fraction [68]. A more recent and larger meta-analysis published in 2021 conducted by
Kusunose et al. on 10.974 patients with chronic HF found that patients with vitamin D
supplementation had lower in-hospital mortality [69].

On the other hand, another meta-analysis (2019) by Wang. et al. described no signif-
icant associations between vitamin D supplementation and mortality or left ventricular
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function. However, it found a significant association between vitamin D supplementation
and improved quality of life and lower inflammatory response [70]. Similar results were
found by Jiang et al. After the evaluation of eight clinical trials, the authors concluded that
vitamin D supplementation did not influence left ventricle ejection fraction and NT-proBNP
levels. However, in the vitamin D-treated group, inflammatory markers such as THF-α
and C-reactive protein were significantly decreased [71].

Despite the conclusive evidence of the involvement of vitamin D in cardiovascular
diseases, clinical trials that focused on vitamin D supplementation in adult patients with HF
are controversial. Furthermore, in the pediatric population, there is a lack of randomized
clinical trials that evaluate cardiovascular risk factors after vitamin D supplementation.

6. Discussions

Vitamin D appears to have a key role in cardiovascular health. Although many studies
focused on the relationship between cardiovascular diseases and vitamin D, the results are
still debatable. There are a few hypotheses regarding the contradictory results of the studies.
First of all, these different results can be explained by the low number of patients included,
with a short-term follow-up. Due to positive results obtained in experimental studies and
in most observational studies, an increased time frame of vitamin D supplementation and a
longer follow-up can change the results. Second, the heterogeneity of the patients included
in most of the studies is significant with different ages or ethnicity. Third, most studies used
25-OHD levels to describe vitamin D deficiency, not the biologically active form. However,
the results were similar in the few studies that analyzed the active form of vitamin D, but it
is important to mention that due to numerous factors that can influence the active form of
vitamin D, for accurate clinical research, it is insufficient to determine the active metabolite
in isolation. The results should be interpreted in association with calcium and phosphorus
concentration, PTH values or if renal and bone mineral diseases are present. In addition,
there is no consensus regarding hypovitaminosis D in terms of normal levels. Due to the
lack of standardization regarding vitamin D levels and measurements, the comparison
between different studies is still a problem. Some studies considered hypovitaminosis D
when serum levels were below 30 ng/mL, while others considered values below 25 ng/mL.
Another critical issue is that sunlight exposure and different daily intakes of vitamin D
between patients can interfere with the results. Therefore, a single measurement of vitamin
D levels used in most observational studies may not be reliable. Additionally, vitamin
D deficiency is usually found in association with other HF risk factors and therefore is
difficult to assess if hypovitaminosis D is a cause or a consequence of HF.

Furthermore, the clinical trials that analyzed vitamin D supplementation are contradic-
tory and without conclusive data that can support vitamin D supplementation. Moreover,
some studies employed a higher dosage than that recommended by different societies.
Because there is no consensus regarding the recommended dosage of vitamin D, different
dosages of vitamin D may produce different results. It should be taken into account that
vitamin D supplementation may be beneficial in vitamin D-deficient patients with an effect
that may be dose-dependent.

Therefore, we consider that vitamin D should be taken into consideration as a potential,
easily modifiable cardiovascular marker due to the positive effects demonstrated in most
experimental and observational studies, meta-analyses and controlled trials. Further studies
should conduct serial analyses of vitamin D levels to better understand the role of vitamin
D as a cardiovascular risk in the long term. In addition, due to its low risk of side effects
and low-cost, vitamin D supplementation could be a viable strategy in HF therapy. More
well-designed standardized randomized trials are needed to determine whether vitamin D
supplementation can benefit patients with HF.

7. Conclusions

Cardiovascular diseases continue to be a major public health concern worldwide.
Overall, even though most experimental and observational studies on the relationship
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between vitamin D and HF in both adult and pediatric populations have yielded positive
results, the potential mechanism by which vitamin D is involved in HF pathogeny is still
poorly understood. Furthermore, the evidence to support vitamin D supplementation in
HF patients is still insufficient due to the lack of randomized control trials. Vitamin D, on
the other hand, remains a promising low-cost modifiable cardiovascular marker, and larger
studies are needed to investigate this association with specific populations and reach a
consensus regarding vitamin D dosage.
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