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Abstract

Background: Cardiovascular diseases (CVDs) are one of the most important causes of mortality all around the world. Studies have
been shown that vitamin D is closely related CVDs, including heart failure (HF). We aim to assess the serum vitamin D levels in pa-

tients with HF in this meta-analysis.

Methods: A systematic research was performed in Pubmed, Web of Science, and Scopus databases for following keywords; “vitamin
D level” OR “vitamin D status” AND “heart failure” until September 2020. Each step of the meta-analysis is appropriate to the PRISMA
guideline. Totally, 2968 publications were screened and 16 articles were found to have suitable data. Analysis was done with RevMan

5.3. software. We also used GraphPad Prism 6 software for the correlation analysis and figures.

Results: Our pooled data showed that patients with HF had significantly lower levels of serum vitamin D compared to controls (REM
p < 0.00001 mean difference: -8.20 [-10.46, -5.95]). There was also significant correlation between serum vitamin D level and left
ventricular ejection fraction (LVEF) (p: 0.0134, r: 0.4785) (n = 26).

Conclusion: In this meta-analysis, it has been indicated that HF patients have lower serum vitamin D levels compared to controls. As
seen in our study, vitamin D might be an important risk factor for HF, and vitamin D deficiency (VDD) may lead increased mortality

caused by HF. Further researches are needed to elucidate which mechanisms play a role in the association between HF and vitamin D.
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Introduction

Vitamin D is a fat-soluble vitamin as well as being a steroid hor-
mone, and it has two important forms, ergocalciferol (vitamin D)
and cholecalciferol (vitamin D,) [1,2]. Vitamin D is mainly produced
in the skin via ultraviolet (UV) irradiation, and the rest is provided
by diet [1]. Ergocalciferol is obtained by absorption of ergosterol in
the duedonum, whereas cholecalsiferol is synthesized in the skin
through UV irradiation of cholestrol precursor 7-dehydrocholest-
rol. Cholecalciferol and ergocalciferol are biologically inactive and

they need further enzymatic conversions to form their active form.

First, both of them are hydroxylated in the liver by 25-hydroxyla-
se to become 25-hydroxyvitamin D (25(0H)D). Then, 25(0OH)D is
converted to calcitriol (1,25(0H)D,), which is bioactive form of the
vitamin, in the kidney by 1a-hydroxylase [2,3].

Vitamin D deficiency (VDD) is a general problem of the people
around the world [1,2]. Several studies showed that VDD is asso-
ciated with cardiovascular diseases (CVDs). The Framingham Of-
fspring Study of 1739 patients showed that VDD is important risk
factor for CVD [4]. The Cardiovascular Health Study of 2312 parti-
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cipants who had not any CVDs at baseline demonstrated that lower

levels of vitamin D are closely related with cardiovascular events

[5].

Heart failure is a complex clinical syndrome that caused by a
functional or structural cardiac abnormality [6]. It is one of the
most important reason of mortality and morbidity worldwide and
it is increasing in incidence and prevalence [1-3]. In recent years,
several studies demonstrated an association between VDD and HFE.
The Intermountain Healthcare system study of 41,504 patients
found that there is an significant association between serum vi-
tamin D level and the incidence and prevalence of HF [7]. Similar
data, which were obtained from epidemiological studies, showed
that VDD is extremely prevalent in patients with HF [8,9]. Apari-
cio-Ugarriza,, et al. and Cubbon., et al. indicated that VDD is an im-
portant risk factor for hospitalization and mortality in HF patients,
respectively [10,11].

As a result, in the light of this information, we aimed to assess
the serum vitamin D level in patients with HF in this meta-analysis.
This meta-analysis is also important being the first meta-analysis
that examining the association between serum levels of vitamin D
and HE.

Methods
Eligibility criteria

Studies given serum vitamin D level in patients with HF data
were screened. The mean and standard deviation were used for the
meta-analysis of the data. The research was done with no limitati-
on imposed on age, gender, race. The inclusion criteria were deter-
mined as; studies were giving the serum vitamin D level in patients
with HF data in the form of mean and the standard deviation, using
international units for biochemical parameters, giving the number

of individuals.

Sources and search

Each step of the systematical search and data analyses were
done according to the PRISMA guideline. Data were collected from
PubMed, Web of Science, and Scopus databases without any rest-
rictions on publishing date of the articles. Keywords were used as
“vitamin D level” OR “vitamin D status,” AND “heart failure” for all

databases and data were collected until September 2020.

Statistical analysis

The 1? was used for measuring heterogeneity (I?% values of
0-25, 25-50, 50-75, and 75-100 represent no, low, moderate, and
high heterogeneity) [12]. The fixed and random effect model was
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used according to the heterogeneity tau? value to give the results
[13]. Cumulative meta-analysis was done with RevMan version 5.3
(Cochrane Collaboration, Copenhagen, 2014). GraphPad Prism 6

software was used for the correlation analysis and figures.

Bias analysis

Bias assessments were determined as described in the Cochra-
ne guideline. Selection bias, performance bias, detection bias, attri-
tion bias, and reporting bias were evaluated as low, unclear, or high

risk according the information given in the studies [14].

Results
Cumulative meta-analysis

PubMed, Scopus, and Web of Science databases were system-
atically searched and 2968 publications were screened consider-
ing title, abstract and/or full text. 1091 publications were review/
book chapters/conference papers or case reports/comment/edi-
torial etc. Among 1877 publications 16 articles met with the inclu-

sion criteria mentioned in figure 1 [15-30].

2968 records were screened
through databases searching
(Pubmed, Web of Science and

1091 of publication were
reviews, boak chapters,
conference papers, case

Scapus) reports, etc.

1861 of full text articles were
not related to inclusion criteria

1877 of full text articles were
assessed for eligibility

16 of studies were included in
quantitative synthesis
(meta-analysis)

Figure 1: Included and excluded studies: Flow diagram.

Table 1 sums up the characteristics of studies. The 16 analyzed
studies include 1187 patients and 667 controls. Among the 16 stud-
ies, eleven of them included healthy people as control group, four
of them included patients who have not history of HF as control
group, and one of them included hypertensive people as control
group. Serum levels of vitamin D were cumulatively meta-analyzed
in HF patients and their controls. Heterogeneity 12 level was high
(88%). Data showed that serum levels of vitamin D were signifi-
cantly lower in patients with HF than controls (REM p < 0.00001
mean difference: -8.20 [-10.46, -5.95]) (Figure 2).
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Case serum

Control serum

Study (Author . . Case Control | Determination of se-
Study Type Diagnosis 25(0H)D 25(0OH)D
- Year) (n) (n) rum 25(0OH)D level
(mean = sd) (mean * sd)
Arslan 2019
[15] Heart Failure 15.1+10.2 157 29.1+20.4 155 Radioimmunoassay
Atamafiuk 2019 . Left Ventricular Electrochemolumines-
Cross-section- .
[16] Failure 25.68+12 42 28812 31 cence
al study
Chronic Heart Chemiluminiscent im-
Bozic 2010 [17] . 12.72+596 | 73 19.68 + 8.6 20
Failure munoassay
Chronic Heart Fail- ) )
Buleu 2019 [18] | Case-control Enzyme-linked immu-
ure and Coronary | 20.49+7.31 | 60 37.09 £ 4.59 60
study ) nosorbent assay
Artery Disease
Chronic Heart
Cetin 2014-1 Observational
Failure and Non-is- Enzyme-linked immu-
[19] study L 143 +6.2 36 33.6+14.3 25
chemic Dilated nosorbent assay
Cardiomyopathy
Chronic Heart
Cetin 2014-2 Observational | Failure and Ischemic Enzyme-linked immu-
15.8 6.5 35 33.6+14.3 25
[19] study Dilated Cardiomyo- nosorbent assay
pathy
Chemilluminescence
DiCarlo 2012 Pilot study ) )
[20] Heart Failure 20.4+10.2 14 257+11.1 14 immunoassay
Hamdy 2011 Congestive Heart )
. 364 +1 50 456+1 20 Enzyme immunoassay
[21] Failure
Kenny 2006 ) )
[22] Heart Failure 26.6+12.6 59 32496 23 Enzyme immunoassay
Heart Failure and
Kolaszko 2018 Cross-section- Coronary Artery Enzyme-linked immu-
] 31.5+£894 50 29.7+£10.2 77
[23] al study Disease nosorbent assay
Lewandowski Chronic Heart Electrochemilumines-
10.86 +9.75 | 36 20.35+7.33 41
2016 [24] Failure cence
Loncar 2011 Chemiluminiscent im-
Heart Failure 12.8+6 73 19.6+8.8 20
[25] munoassay
Loncar 2013 Chemiluminiscent im-
Heart Failure 12.72+596 | 73 19.68 + 8.6 20
[26] munoassay
Nedeljkovic
Prospective Chronic Heart
2019 [27] . 12.76 £592 | 68 19.56 + 8.8 19
cohort study Failure
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Saponaro 2018
(28]

) High-performance
Heart Failure 18.1£9.5 247 23.3+9.6 76 o
liquid chromatography

Terrovitis 2012
[29]

Chronic Heart

) Enzyme-linked immu-
Failure 21.2+10.8 60 252+10 13

nosorbent assay

Heart Failure

(HF New York Heart Chemiluminescence
Wu 2012-1 [30] o 34+29 20 29+14 14 i
Association Class immunoassay
[1-111)
Heart Failure
Chemiluminescence
(HF New York Heart )
Wu 2012-2 [30] o 2111 34 2914 14 immunoassay
Association Class
[11-1V)

Table 1: Characteristics of included studies.
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Figure 3: Graph of correlation between serum levels of 25(OH)D
(ng/ml) and left ventricular ejection fraction (LVEF) (%).
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Risk of bias assessment

Bias analysis of each study were given with risk of bias sum-

mary and risk of bias graph (Figure 4).

Figure 4: A. Risk of bias summary of the included studies for
the meta-analysis. B. Risk of bias graph summary of the included

studies for the meta-analysis.
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Discussion

There are many biological situations that causes VDD such as
age, obesity, malabsorption, inadequate sun exposure and kidney
diseases and most recently, several studies demonstrated that VDD
is associated with CVDs, including HF [1]. In this meta-analysis, we
aimed to quantitatively determine the serum vitamin D levels in
patients with HF compared to controls. At the end of the analyses,
serum levels of vitamin D were found to be significantly lower in

HF patients than controls.

There may be many possible biological mechanisms associated
with VDD and HF Vitamin D exerts its action through vitamin D
receptor (VDR), which is expressed in many cells such as cardiom-

yocytes, and vascular and endothelial cells [3,31].

Endothelial dysfunction is an important problem for most of
the CVDs, and it has been shown that vitamin D has many roles on
endothelial cells through its receptor [31,32]. Martinesi,, et al. in-
dicated that 1,25(0H),D caused a significant reduction of adhesion
molecule expression in endothelial cells [33]. In a study of Cardu’s.,
et al. found that calcitriol stimulates vascular smooth muscle cells
(VSMCs) through the upregulation of vascular endothelial growth
factor (VEGF) in vitro [34]. Also, calcitriol has been shown to inc-
rease production of endothelial nitric oxide, which plays an impor-
tant role in CVDs [35].

Another important impact of vitamin D is about cardiomyocytes
as mentioned before. Calcitriol is closely related with differentiati-
on and growth of these cells [31,36]. In animal models, which were
realized in VDR knockout (VDR KO) mice and rats, had been indi-
cated that cardiac hypertrophy was observed as well as collagen
accumulation [36-38]. Vitamin D may also play a role of extracellu-
lar matrix remodelling. In a study of VDR KO mice had been shown
that unbalance between matrix metalloproteinases (MMPs) and
tissue inhibitors of metalloproteinases (TIMs) caused a significant

myocardial hypertrophy and fibrosis [2,36,39].

Vitamin D also has an important role of regulation of the re-
nin-angiotensin-aldosterone system (RAAS) whose overproducti-
on is associated with hypertension, cardiac enlargement, and so-
dium retention (32). Recent studies also demonstrated that lower
levels of 25(0OH)D and 1,25(0H)2D are closely related with upregu-
lation of the RAAS [40-42].
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In view of the roles of vitamin D in HE many studies have been
made to investigate the association between serum vitamin D le-
vel and HF, and the effects of vitamin D supplementation in HF pa-
tients. In a study, which is a prospective cohort of Italian adults,
had indicated that VDD was closely related with increased risk for
hospitalization in HF patients [43]. Similarly, Hou,, et al. found that
low serum vitamin D levels are serious problem for CVD mortality
[44]. In a study by Pilz., et al. low levels of vitamin D have been
shown as an important risk factor for mortality due to HF [45]. In
arandomized controlled trial, it was shown that vitamin D supple-
mentation did not improve quality of life (QOL) in HF patients [46].
Conversely, Moretti., et al. found that vitamin D supplementation
made better QOL in HF patients [47].

There are certain limitations in our meta-analysis. One of them
is that statistical heterogeneity is high. Nevertheless, statistical
heterogeneity can be naturally observed in a meta-analysis and it
should be considered when interpreting the data of this study. An-
other limitation is about serum vitamin D levels. There are several
factors that affect vitamin D level in patients such as sun exposure

or consuming foods, which are rich in vitamin D.

Conclusion

As a result, our meta-analysis demonstrated that HF patients
have lower serum levels of vitamin D compared to controls. We
want to say that more well-designed RCTs are needed to under-
stand the biological mechanisms underlying this association and to
examine the impact of vitamin D supplementation in this patients.
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