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A B S T R A C T   

Background: The relation between blood vitamin D levels and the risk of cardiovascular outcomes is debatable. To 
our knowledge this is the first comparative meta-analysis of more than 100,000 patients’ data with the aim to 
inspect the relevance of low vitamin D levels with adverse cardiovascular events. 
Methods: Online databases including PubMed, Embase and Cochrane Central were queried to compare the car-
diovascular outcomes among hypovitaminosis D (HVD) and control group. The outcomes assessed included 
differences in major adverse cardiovascular events (MACE), mortality, myocardial infarction, and heart failure. 
Unadjusted odds ratios (OR) were calculated using a random-effect model with a 95% confidence interval (CI) 
and P less than 0.05 as a statistical significance. 
Results: A total of 8 studies including 426,039 patients were included in this analysis. HVD group was associated 
with a higher incidence of MACE (OR 1.92, 95% CI 1.24 to 2.98, p = 0.003), while there was no significant 
association of HVD and all-cause mortality (OR 1.77, 95% CI 0.75 to 4.17, p = 0.19), risk of myocardial 
infarction (OR 0.69, 95% CI 0.39 to 1.24, p = 0.22), and heart failure (OR 1.20, 95% CI 0.34 to 4.25, p = 0.78). 
Conclusions: This meta-analysis suggested that low blood levels of vitamin D are associated with MACE, but no 
such difference in all-cause mortality, myocardial infarction or heart failure was observed. Appropriate sup-
plementation of vitamin D in selected populations might be cardioprotective in nature and warrants extensive 
trials.   

1. Introduction 

A fat-soluble vitamin, Vitamin D is a predominant modulator of 
calcium and bone homeostasis but has an equally important regulatory 
function on 2000 to 8000 gene transcription factors [1]. Vitamin D 
downregulates the renin-angiotensin system, protects against 

angiogenesis, augments insulin secretion and sensitivity, and regulates 
inflammatory processes [2]. Recently, it has been shown that knocking 
out vitamin D receptors present in vascular endothelium and car-
diomyocytes may give rise to left ventricular hypertrophy, change in the 
extracellular matrix, and activate plasma renin [3]. Hypovitaminosis D 
(HVD) is present in over 1 billion people worldwide across all ages, 
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ethnicities, and comorbidities [4,5]. Although HVD has primarily been 
thought to cause pathologies of muscles and bones, it has also been 
linked to cardiovascular, and various inflammatory, neoplastic, and 
infectious diseases [1,3]. 

As cardiovascular events are the leading cause of death worldwide 
and HVD is a burgeoning problem with people leading a more sedentary 
lifestyle, it is very worthwhile to study a link between these two and help 
mitigate this preventable cause of cardiovascular events [6]. While there 
are certain definite non-modifiable risk factors, according to the 
INTERHEART study, 9 out of 10 myocardial infarctions are related to 9 
easily modifiable factors [7]. Lack of physical activity is one such 
prominent risk factor. This subgroup is more prone to lower vitamin D 
levels, apart from other causes of HVD. Hence, if HVD is proven as a 
cardiovascular risk factor, we can substantially reduce the cardiovas-
cular disease burden with vitamin D supplementation. 

In the previously published reviews on vitamin D and its association 
with possible cardiovascular outcomes, none have reported or analyzed 
the optimal threshold range in which vitamin D can serve as a car-
dioprotective agent [6,8–11]. Thus, in this paper we conducted a 
comparative systematic review and meta-analysis with more than 
100,000 study participants from the available published data to see if 
there is an association between different vitamin D levels and cardio-
vascular adverse events. 

2. Methods 

This study was carried out in compliance with the Preferred 
Reporting Items for Systematic Review and Meta-analysis (PRISMA) 
guidelines and performed according to established methods, as 
described previously [12]. A prespecified study protocol has been 
registered on Prospero: CRD42022306943. 

2.1. Definition and outcomes 

At present, the optimal 25(OH)-vitamin D levels for benefits beyond 
skeletal health are yet to be determined. Thus, we adopted the recom-
mendations by the National Academy of Medicine which approximates 
25(OH)-vitamin D levels of more than 20 ng/ml as adequate for skeletal 
benefits and considered levels below 20 ng/ml as hypovitaminosis D 
[13]. Our primary outcomes were the prevalence of major adverse 
cardiovascular events (MACE) between the two groups, and our sec-
ondary outcomes were all-cause mortality, myocardial infarction (MI) 
and heart failure (HF). 

2.2. Search strategy and study selection 

We conducted a systematic search in PubMed, Embase, and Scopus 
for articles from inception until January 10, 2022. The following MeSH 
terms were used: “hypovitaminosis D” OR “vitamin D deficiency” AND 
“acute coronary syndrome” OR “cardiovascular disease” AND “out-
comes”. Eligible reports were assessed for methodological quality. Two 
authors (VJ and MV) reviewed the abstract and title of the articles for 
screening the eligibility of those articles in the analysis. The senior 
author resolved any inclusion related discrepancy. Only full-text articles 
were included. Studies were included if they fulfilled the following 
criteria: 1) patients with vitamin D deficiency compared with patients 
with normal vitamin D levels, 2) studies with patients > 18 years of age, 
3) studies with data on baseline characteristics and outcomes measured, 
4) all multicenter, case control, observational studies, and randomized 
clinical trials were included. We excluded literature or systematic re-
views, studies with undesirable data, letters, commentaries, animal 
studies, and studies with patients less than 18 years of age. We did not 
use any language restrictions. References of previously published arti-
cles and conferences abstract were checked for additional studies. 

2.3. Data extraction and statistical analysis 

Data of the eligible selected studies such as demographic, comor-
bidities, risk factors, and outcomes of both groups were extracted in the 
spreadsheet by two authors (VJ and NS). Baseline continuous variables 
were summarized in mean (SD), whereas dichotomous variables were 
described in frequencies or percentages. We performed a conventional 
meta-analysis for primary and secondary outcome and adopted the 
Dersimonian and Laird random-effects model for the study variations 
[14]. We considered a two-tailed p value of less than 0.05 to be statis-
tically significant. In addition, we assessed the between-study hetero-
geneity using the Q and I2 test and considered the results to be 
substantially heterogeneous if the I2 test is more than 50% [15]. Sub-
group analyses, where possible, were conducted using follow-up dura-
tion, cardiovascular (CV) risk or CKD and non-CKD population. 
Publication bias was performed for outcome with at least 6 studies and 
was assessed through funnel plot and quantified using Egger’s test. All 
statistical work including analyses and graphical illustrations were 
conducted using STATA (version 17.0, StataCorp) [16]. 

2.4. Quality assessment 

AI independently assessed the quality of the included studies using 
the Newcastle-Ottawa Scale for cohort studies and cross-sectional 
studies [17]. In case of disagreement, senior author consensus (VJ) 
was involved. The details of quality assessment are presented in Sup-
plementary Tables 1 and 2. 

3. Results 

3.1. Study selection 

Preliminary database search using keywords stated above yielded 
7812 articles, of which 852 studies were excluded after removal of du-
plicates. 7343 studies were further excluded after initial title and ab-
stract screening based on our inclusion and exclusion criteria and 
comparison arm between lower vitamin D levels vs normal levels 
(control group). Full-text review was conducted for the remaining 80 
articles identified. 65 full-text articles were retrieved for screening. 57 
studies were excluded as they either had the wrong target population, 
were not a primary research article, or lacked a comparison arm. Hence, 
a total of 8 studies that met the eligibility criteria were included in our 
meta-analysis. The PRISMA flow diagram is shown in Supplementary 
Fig. 1. 

3.2. Patient and study demographics: 

8 studies with a total of 426,039 patients; 182,669 patients in control 
group (Vitamin D levels > 20 ng/ml) and 242,862 patients with HVD 
(Vitamin D levels < 20 ng/ml) were included in the meta-analysis. There 
was a worldwide distribution of the studies; 4 from Asia [18–21], 3 from 
Europe [1,3,22], and 1 from North America [23]. The baseline de-
mographics of the study participants are summarized in Table 1. Mean 
age of the HVD and control group were 63 and 66 years, respectively. 
The majority (68.7%) of participants were female (71% in the HVD 
group and 66% in the control group). The patients presented with 
various comorbidities. Average BMI was increased in both groups; 26.6 
kg/m2 in the HVD group and 25.9 kg/m2 in the control group. The 
participants suffered from various comorbidities. The two most common 
comorbidities were type 2 diabetes (49% in the HVD group and 42% in 
the control group) and hypertension (14.9% in the HVD group and 
12.1% in the control group). History of MI, stroke and hyperlipidemia 
were reported in less than 1% of participants of both groups. 26% par-
ticipants of both the comparator group and control were smokers. 
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3.3. Meta-analysis of outcomes 

3.3.1. Primary outcome - MACE 
3 studies reported results on the primary outcome, MACE, with a 

total of 242,786 patients (242,322 in the HVD group and 182,464 pa-
tients in the control group). The meta-analysis showed that patients with 
suboptimal levels of vitamin D were at a 1.92 (95% CI 1.24 to 2.98, p =
0.003; I2 = 90%) increased odds of MACE (Fig. 1A). 

3.3.2. Secondary outcomes - all cause Mortality, MI, and HF 
6 studies reported results on all-cause mortality. As shown in Fig. 1B 

results of our analysis showed that there was no significant association 
between vitamin D levels and all-cause mortality (OR 1.77, 95% CI 0.75 
to 4.17, p = 0.19, I2 = 73%). 2 studies reported on incidence of MI and 
heart failure. There was also no significant association between vitamin 
D levels and risk of MI event (OR 0.69, 95% CI 0.39 to 1.24, p = 0.22, I2 

= 71%) or incidence of heart failure (OR 1.20, 95% CI 0.34 to 4.25, p =
0.78, I2 = 82%) as shown in Fig. 1C and Fig. 1D respectively. 

3.3.3. Subgroup analyses 
Subgroup analyses were conducted for the outcomes MACE and all- 

cause mortality using either CV risk, follow-up period or population 
with CKD. For MACE, subgroup analysis was done by CV risk and 
showed that patients with suboptimal vitamin D did not have increased 
odds of MACE among the subgroup with high CV risk (OR 1.70, 95% CI 
0.87 to 3.32, p = 0.12) (supplementary Fig. 2). For all-cause mortality, 
we found that CKD populations with suboptimal vitamin D level had 
higher odds of mortality (OR 2.73, 95% CI 1.50 to 4.95, p = 0.001) 
compared to those with adequate vitamin D level while there was no 
difference among the non-CKD populations (p = 0.67) (supplementary 
Fig. 3A). Follow-up period using 1 year as cut-off period for all-cause 
mortality did not result in a significant difference between the two 
groups (supplementary Fig. 3B). 

3.3.4. Publication bias 
There was no evidence of publication bias on studies with all-cause 

mortality by visual inspection of funnel plot (supplementary Fig. 4) 
or with the Egger’s regression test (p = 0.45). 

4. Discussion 

This systematic review includes 8 observational studies in diverse 
populations with a total of 428,328 participants. The meta-analysis of 
the included studies showed HVD to significantly increase odds of 
suffering from MACE. However, we found no significant association 
between HVD with all-cause mortality, risk of MI or heart failure. 

Previous reviews including observational studies demonstrated 
similar results as ours where HVD was associated with increased risk of 
cardiovascular (CV) events [2,6,8,24]. One of the studies further 
detailed the linear, inverse relation between circulating 25(OH)-vitamin 
D levels between 8 and 24 ng/mL and the risk of CV events [2]. In 
another meta-analysis of prospective observational studies by Zhang 
et al., higher level of vitamin D was found to have a protective effect on 
total cardiovascular events (pooled RR per 10 ng/mL increment in 
vitamin D level 0.90, 95% CI 0.86, 0.94) [11]. However, the protective 
effect was evident when serum 25(OH)D was 25 ng/mL, contrary to our 
cutoff value (20 ng/mL) to define HVD. A non-linear Mendelian 
Randomization (MR) study suggested that deficiency of vitamin D could 
increase the risk of CV events and high blood pressure [25]. An L-shaped 
association of genetically predicted serum 25(OH)D was observed with 
both cardiovascular events and systolic/diastolic blood pressures [25]. 
The results are suggestive of the beneficial cardiovascular effects of 
vitamin D supplementation to people with low concentrations. 

While this would support population-wide vitamin D supplementa-
tion to eradicate vitamin D deficiency, results from recent large ran-
domized controlled trials (RCTs) are not supportive. VITAL trial, ViDA 
study and FIND trial found supplemental vitamin D not to be beneficial 
to reduce major cardiovascular events [26–28]. This was most probably 
due to an inadequate number of participants with very low vitamin D 
levels which would not permit detection of beneficial effects for rela-
tively rare disease endpoints such as cardiovascular events. In another 
recent study, when vitamin D-replete individuals (baseline serum 25 
(OH)D greater than 20 ng/mL) were supplemented with vitamin D, it did 
not provide demonstrable health benefits [29]. Future trials with an 
adequate number of participants with very low vitamin D levels might 
be necessary while addressing practical issues and ethical dilemmas. 

We found no significant association of HVD with all-cause mortality 
in our study. However, previous meta-analyses dealing mostly with 
women over 70 years have revealed a 6–11% reduction in all-cause 
mortality [24,30]. After addition of new RCTs which recruited 
younger, mostly vitamin-D replete individuals [26,27,31] the beneficial 
effect has been eliminated [32]. Thus, it is possible that supplemental 
vitamin D is only beneficial in subjects with poor vitamin D status and 
the elderly. This might explain the results of our analysis as well, since 
the mean age of participants in our analysis is around 65 years. How-
ever, the recently published results of the D-Health Trial which included 
only the participants older than 60 years, is not supportive of the 
beneficial role of increased age during vitamin D supplementation [33]. 
The mean age of treatment and control groups is 69.3 years with par-
ticipants between 60 and 70 years and over 70 years being almost equal. 
On further study, we found the levels of 25(OH)D in both groups well 
above 30 ng/mL. This might suggest that for vitamin D to benefit an 

Table 1 
Baseline demographics, comorbidities and study characteristics of studies included in the meta-analysis.  

Variable Ng et al, 
2013 [3] 

Dror et al, 
2013 [18] 

Verdoia et al., 
2021 [1] 

Khalili et al., 
2012 [19] 

Khademvatani et al., 
2017 [20] 

Madhavi et al., 
2013 [21] 

Walker et al., 
2014 [23] 

Schiller et al., 
2015 [22] 

Sample (n) 
Hypovitaminosis D/ 
Control 

945/314 240892/ 
181930 

485/220 101/38 142/28 192/24 71/57 34/58 

Age, y(Mean) 65.5/66.2 NA 67.2/67.5 59.6/63.1 57.71/68.1 65.7/60.89 64.4/69.7 NA 
Male, % 70.3/77.3 28.7/34.1 78.3/75.4 84.1/ 

77.1 
71.8/57.1 40.1/45.8 95.8/98.2 NA 

BMI, kg/m2 (mean) NA NA 27.8/26.2 NA NA 25.71/25.36 NA 26.4/26.37 
Comorbidities 
HTN, % 52.4/42.6 14.5/12 75.5/72.7 60.3/36.8 49.3/50 66.1/58.3 95.8/100 NA 
HLD, % NA NA 61.6/59 40.6/42.1 NA 44.8/50 67.6/80.7 NA 
DM, % 26.4/13.7 49/42 43.7/31.8 25.7/31.6 80.2/89.2 66.7/50 59.1/63.1 100/100 
Smoker, % 43.8/45.9 25.8/26 55.2/51.4 NA 50/42.9 34.8/12.5 21.2/15.8 NA 
Previous PCI, % NA NA 59.1/60 28.7/21 NA NA NA NA 
Previous MI, % 24.2/13.4 4.7/5.1 24.5/19.5 NA 10.6/17.9 NA 47.9/52.6 NA 
Previous Stroke, % NA NA NA NA NA NA 21.1/7 NA 

HTN – Hypertension; HLD – Hyperlipidemia; DM – Diabetes Mellitus (type 2); PCI – Percutaneous Coronary Intervention; MI – Myocardial Infarction. 
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Fig. 1. Forest plots of outcomes: (A) MACE, major adverse cardiovascular events; (B) all-cause mortality; (C) HF (heart failure) and (D) MI (myocardial infarction).  
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individual, one must have the simultaneous presence of two factors: old 
age and vitamin D deficient state. 

It is worth investigating the possible association between low 
vitamin D levels and increased all-cause mortality and cardiovascular 
mortality. A recent large MR study involving more than half a million 
subjects reported an increase in all-cause mortality risk for 25(OH)D 
concentrations below 10 ng/mL [34]. The study showed an inverse as-
sociation between genetically predicted 25(OH)D concentrations and 
all-cause mortality up to 16 ng/mL [34]. In another 2017 review, 
pooling of prospective observational studies revealed the beneficial ef-
fect of higher levels of vitamin D in cardiovascular mortality (RR 0.88 
per 10 ng/mL increase in vitamin D, 95% CI 0.80, 0.96) [11]. 

Individuals having HVD with CKD had increased odds of all-cause 
mortality on subgroup analysis. Majority of patients in both the included 
studies had diabetes and other comorbidities. In diabetic patients with 
mild or moderately reduced kidney function, HVD is associated with 
increased mortality [35,36]. Jayedi et al. in a meta-analysis of cohort 
studies demonstrated the significant risk of mortality in CKD patients 
ranging from 1.22 to 1.63 from vitamin D deficiency and concluded that 
higher levels of 25(OH)D is associated with lower risk of all-cause 
mortality until 35 ng/mL [37]. For every 10 ng/mL increment in 
serum 25(OH)D, there was a 21% reduction in risk of overall mortality 
(RR, 0.79; 95% CI 0.70, 0.87) [37]. A brief functional overview of 
vitamin D would further clarify the above associations. Vitamin D has 
immunomodulatory and anti-inflammatory effects [5] which explains 
the association of HVD with increased risk of viral and bacterial in-
fections, cancer, autoimmune disorders, excessive systemic inflamma-
tion that causes atherosclerosis and endothelial dysfunction [38–41]. 
Uremia in CKD results in disturbed biochemical state leading to in-
flammatory and oxidative stress as well as further vitamin D deficiency 
[42]. 

Regarding the role of vitamins in the risk of MI, we found no asso-
ciation. However, Huang et al. in a similarly designed review as ours 
found that vitamin D is significantly lower in MI patients and sufficient 
blood vitamin D levels might be protective against MI [43]. On the 
contrary, other meta-analyses haven’t found the beneficial effect of 
supplemental vitamin D against MI [9,32,44,45]. In a most recent meta- 
analysis of RCTs, vitamin D supplementation resulted in a non- 
significant decrease in the risk of MI (RR 0.96, 95% CI 0.85, 1.09) [32]. 

In a previous analysis too, vitamin D supplementation was not found 
to have any beneficial effect in the treatment of chronic heart failure. 
However, it did increase quality of life and exercise tolerance while 
decreasing the levels of inflammatory mediators in chronic heart failure 
patients [2,46]. It is important to note here that both included studies 
investigated the association of vitamin D status with heart failure in 
patients with acute coronary syndromes [3,20]. Thus, the result could 
not be generalized to other populations. 

Our study has several limitations. We have included only the 
observational studies in our analysis; the results of which might have 
been influenced by confounding variables thus affecting the overall 
pooled results as well. In addition, significant heterogeneity was 
observed across studies included in the pooled analysis of MACE events. 
Besides, not all included studies mentioned all the predefined primary 
and secondary outcomes along with different levels of Vitamin D for 
comparison. Thus, only a few studies could be included in the final 
analyses of different outcomes. While the findings from our study could 
be well generalized since the included studies are from different conti-
nents, some studies [3,19–23] included only cardiovascular disease 
patients which would decrease the generalizability of our findings to the 
general population. 

5. Conclusion 

In conclusion, HVD was found to be significantly associated with 
MACE. However, due to the observational nature of included studies, the 
evidence is not yet strong enough to suggest increased screening for 

HVD or vitamin supplementation for cardiovascular risk reduction. 
Future randomized controlled trials with enough power and a large 
sample of vitamin D deficient participants are required to determine 
whether there is causal association between HVD and cardiovascular 
events, and to further explore the beneficial effect of vitamin D sup-
plementation in CVD events. 
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