
Background
Today, despite significant progress in access to effective 
and safe prevention strategies all around the world, 
cardiovascular diseases (CVDs) still tend to remain one 
of the major causes of death.1,2 The prevalence of CVDs 
is increasing in developed and developing countries, 
where it imposes a heavy financial burden on different 
populations.3,4 In addition to traditional and recognized 

risk factors for CVDs, new risk factors are potentially 
associated with prognosis and therapeutic consequences.5 
The most common risk factors associated with CVDs are 
predominantly obesity, diabetes, high blood pressure, and 
inactivity.2,6 Nevertheless, the results of numerous studies 
illustrated that insufficient levels or the lack of vitamin D 
may increase the risk of CVDs.7,8

Numerous factors influence vitamin D deficiency, 

JRHS
Journal of Research in Health Sciences

doi:10.34172/jrhs.2023.129
JRHS 2023; 23(4):e00594

© 2023 The Author(s); Published by Hamadan University of Medical Sciences. This is an open-access article distributed under the terms of 

the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited. 

Vitamin D Supplementation and Cardiovascular Disease 
Risks in More Than 134 000 Individuals in 29 Randomized 
Clinical Trials and 157 000 Individuals in 30 Prospective 
Cohort Studies: An Updated Systematic Review and Meta-
analysis
Mohammad Aziz Rasouli (MSc)1,2 ID , Shahram Darvishzadehdaledari (MSc)3, Zeynab Alizadeh (Ph. D)4, Ghobad Moradi 
(MD, Ph. D)1,2, Fatemeh Gholami (Ph. D)2,4* ID , Ako Mahmoudian (MD)5

1Department of Epidemiology and Biostatistics, Faculty of Medicine, Kurdistan University of Medical Sciences, Sanandaj, Iran
2Social Determinants of Health Research Center, Research Institute for Health Development, Kurdistan University of Medical 
Sciences, Sanandaj, Iran
3Department of Health Sciences, University of York, Heslington, York, YO 10 DD, United Kingdom
4Department of Epidemiology, School of Public Health, Iran University of Medical Sciences, Tehran, Iran
5Rajaie Cardiovascular Medical and Research Center, Iran University of Medical Sciences, Tehran, Iran 

http://jrhs.umsha.ac.ir

Review Article

Article history:
Received: September 17, 2023
Revised: October 9, 2023
Accepted: November 2, 2023
ePublished: December 29, 2023

Keywords:
Vitamin D, Cardiovascular 
disease, Randomized clinical 
trials, Prospective cohort study, 
Meta-analysis

*Corresponding author: 
Fatemeh Gholami,
Email: gholamifatemeh734@
gmail.com

Please cite this article as follows: Rasouli MA, Darvishzadehdaledari S, Alizadeh Z, Moradi G, Gholami F, Mahmoudian A. Vitamin D 
supplementation and cardiovascular disease risks in more than 134,000 individuals in 29 randomized clinical trials and 157,000 individuals in 30 
prospective cohort studies: an updated systematic review and meta-analysis. J Res Health Sci. 2023; 23(4):e00594. doi:10.34172/jrhs.2023.129

Abstract
Background: According to the findings from observational studies and clinical trials assessing the 
effect of vitamin D supplements on cardiovascular diseases (CVDs), there are still contradictory 
results. This systematic review aimed to assess the effect of vitamin D supplements on CVDs 
considering cohort studies and clinical trials. 
Study Design: A systematic review.
Methods: MEDLINE/PubMed, Science Direct, Embase, and Cochrane Library databases were 
reviewed by two reviewers independently until 2022. The study effect is risk ratio (RR) and 95% 
confidence interval (CI) according to Mantel Haenszel’s random-effects model. Then, Stata version 
14 was used for statistical analysis. 
Results: In clinical trial studies, the incidence of CVDs among the vitamin D-consuming group was 
not significantly different from that in the placebo group (RR: 0.99, 95% CI: 0.95-1.03; P = 0.77; 
I2 = 0%). CVD mortality was also not significantly different between the two groups (RR: 0.97, 
95% CI: 0.90-1.05; P = 0.72; I2 = 0%). In cohort studies, circulating 25 (OH) D increased the risk 
of CVD incidence by 31% (RR: 1.31, 95% CI: 1.19-1.45) and CVD mortality by 37% (RR: 1.37, 
95% CI: 1.17-1.61).
Conclusion: According to current evidence from clinical trials, vitamin D supplementation 
should not be recommended for CVD prevention. However, there is a direct association between 
vitamin D deficiency and the incidence of CVDs as well as its mortality. According to the results 
of clinical trial studies carrying higher levels of scientific evidence, it can be concluded that 
vitamin D supplementation does not exert a significant effect on the incidence, mortality, and 
reduction of CVDs.
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including older women living in places with higher latitude, 
winter season, less exposure to sunlight, skin pigmentation, 
diet, and the consumption of fortified foods with low 
levels of vitamin D.9 In all age groups, the prevalence of 
vitamin D deficiency has been estimated to be 30-50%.10 
A study was designed to determine the vitamin D status 
of 60 979 patients admitted to the Burjeel hospital of VPS 
Healthcare in Abu Dhabi, United Arab Emirates (UAE), 
from October 2012 to September 2014. Although analyzed 
patients were from 136 different countries, serum 25(OH)
D (total) measurements showed that 82.5% of the studied 
patients have vitamin D deficiency to insufficiency.11

The low rates of vitamin D are associated not only with 
CVD risk but also with deterioration of current cardiac status. 
The results of several observational epidemiologic studies 
have shown that a lack of vitamin D efficiency increases 
the probability of myocardial infarction (MI), stroke, heart 
attack, and CVDs-related mortality.12,13 Although clinical 
data provide several beneficial effects of vitamin D on 
CVDs, at best conditions, elevated doses of vitamin D can 
cause moderate impacts on alternative parameters of CVDs, 
according to findings from Genetic studies and clinical 
trials.14,15 Generally, vitamin D deficiency can develop short-
term and long-term prognoses for CVDs.16,17

According to the findings from observational studies and 
clinical trials assessing the effect of vitamin D supplements 
on CVDs, there are still contradictory results.17-21 Although 
meta-analysis studies have been conducted, cohort articles 
and clinical trials have not been considered together. 
Accordingly, this systematic review and meta-analysis 
aimed to update the effect of vitamin D supplements on 
CVDs considering cohort studies and clinical trials. 

Methods
Search strategy 
This systematic review was conducted based on the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) standard checklist.22 The study 
protocol was registered in the International Prospective 
Register of Systematic Reviews (PROSPERO identifier: 
CRD42022360801). MEDLINE/PubMed, Science Direct, 
Embase, and Cochrane Library databases were reviewed 
by two reviewers independently until October 2022. 
There were no age or gender restrictions, and all available 
references regarding systematic reviews and meta-analyses 
were evaluated. 

PICOS criteria
Population: Populations without CVDs
Intervention: Vitamin D supplements
Control: Placebo, and Placebo + Calcium
Outcome: CVD, chronic heart failure (HF), MI, and stroke
Studies: Randomized controlled trials (RCTs) and 
prospective cohort studies (PCSs)

Selection criteria 
This study included all prospective cohorts and clinical 

trials evaluating long-term (more than one year) vitamin 
D intake with or without calcium which were assessed 
based on our intended outcomes. The search strategy was 
vitamin D3 OR cholecalciferol OR ergocalciferol, OR 25 
(OH) D AND cardiovascular OR chronic heart failure OR 
myocardial infarction OR stroke OR cerebrovascular OR 
chronic heart disease AND randomized controlled trials 
OR randomized trials OR controlled trials OR prospective 
cohort OR cohort studies.

Studies investigating CVDs as adverse events were 
included in this research. HF disease was classified under 
chronic HF. Cerebrovascular disease was considered a 
subset of stroke. In clinical trials, ischemic heart disease 
was included in the MI subcategory. Studies excluded 
from this review included nested case-control studies, 
cross-sectional papers, case-control studies, case studies, 
case reports, poster abstracts, editorials, trials identifying 
their control group as non-placebo, populations receiving 
different doses of vitamin D, trials recruiting pregnant and 
lactating women, trials in which all study subjects suffered 
from CVDs, trials in which the comparison group only 
received calcium, and studies not evaluating our intended 
outcome.

Data extraction and quality assessment 
Two reviewers (FG and SD) extracted the relevant data 
independently in a specified data collection table. Any 
discrepancies between reviewers were resolved by a third 
author (MAR) Different variables, including the type of 
study, country, gender, mean age, follow-up period, and 
quality of the study were assessed. The inter-authors’ 
reliability based on kappa statistics was 85%.

Newcastle Ottawa and risk of bias (ROB2) tools were 
used for cohort studies and clinical trials, respectively, 
aiming at assessing the quality of papers. In Newcastle 
Ottawa, studies obtaining nine stars were classified as high 
quality, those with 7 or 8 stars were entitled as moderate, 
and papers with six stars or below were grouped in the low-
quality category.23,24 In ROB2, five domains encompassing 
the randomization process, deviations from intended 
interventions, missing outcome data, measurement of 
the outcome, and selection of the reported result were 
evaluated 25. 

Outcomes and subgroups 
In this study, the primary endpoint was CVD events and 
deaths, and the secondary endpoints were MI, stroke, and 
chronic heart disease (CHD). In some studies, the follow-
up period for different outcomes is variable; thus, a specific 
follow-up period is given for each outcome.

Statistical analysis
The study effect is risk ratio (RR) and 95% confidence 
intervals (CIs) according to Mantel Haenszel’s random-
effects model. Publication bias was evaluated by using a 
funnel plot26 and Egger’s test,27 and I2 based on Higgins 
classification28 was used to measure heterogeneity. The 



J Res Health Sci, 2023, Volume 23, Issue 4 3

Association between vitamin d and cardiovascular diseases

sensitivity analysis of the primary endpoint was measured 
by excluding each study.29 Furthermore, subgroup analysis 
was performed in accordance with the study covariates 
such as gender, duration of follow-up, and the quality 
of study. Moreover, in PCSs, in addition to the above 
factors, baseline CVD history was also used. To avoid 
spurious inferences from repeated significant tests and 
underpowered meta-analysis, we performed a sequential 
trial analysis. We were able to obtain reliable results using 
sequential monitoring boundaries.30 We calculated the 
optimal information (sample) size by considering 2-sided 
type I error at 5% level and type II error at 20% level (80% 
power), with a relative risk reduction of 25% and incidence 
of 8.5% in the placebo group for the CVDs incidence. 
Finally, STATA version 14 (Stata Corporation, Texas, 
USA) was used for statistical analysis.

Results
Study selection and study characteristics 
After reviewing 5626 studies from the databases, 4664 
papers were excluded, but 29 RCT and 30 PCSs were 
selected for the final analysis. Figure 1 illustrates the process 
of selecting studies. Among 134 384 participants entering 
the clinical trials, 67 665 were taking vitamin D, and 66 719 

were not taking vitamin D. In clinical trials, 17 studies 
(58.6%) were classified as low risk, four studies (13.8%) 
as some concerns, and eight studies (27.6%) as high risk. 
As mentioned, most of the studies were in the low-risk 
category (Figures S1 and S2). Table 1 presents the basic 
characteristics of participants in RCTs. In terms of PCSs, 
eight studies (26%) were in the high-quality category, and 
22 studies (74%) were in the moderate-quality category. 
Moreover, 157 958 individuals participated in the PCS, of 
which 70 009 were in the exposed group, and 87 949 were 
in the unexposed group. The baseline information of the 
participants in PCSs can be seen in Table 2.

Primary endpoint: randomized controlled trial studies
In clinical trial studies, the incidence of CVDs among 
the vitamin D-consuming group was not significantly 
different from that in the placebo group (RR: 0.99, 95% 
CI: 0.95-1.03; P = 0.77; I2 = 0%), as illustrated in Figure 2. 
As illustrated in Figure 3, CVD mortality was also not 
significantly different between the two groups (RR: 0.97, 
95% CI: 0.90-1.05; P = 0.72; I2 = 0%). 

The P value of Egger’s test for the CVD events was 
0.87, and CVD mortality was 0.75. Subgroup analysis was 
conducted for the main outcome based on vitamin D types, 

Figure 1. Flow diagram of the study selection process
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gender, duration of follow-up, and study quality. Table 3 
depicts that the effect size was not significant in any of the 
studies. Moreover, the incidence of MI and stroke in the 
vitamin D-consuming group was not significantly different 
from the placebo group (RR:1.01, 95% CI: 0.95-1.07; RR: 
1.04, 95% CI: 0.97-1.10), as depicted in Figures S3 and S4.

Meta-regression was performed according to age, gender, 
and follow-up period, showing that with increasing age, 
the incidence of CVDs (R2 = 100%; b = - 0.008; standard 
error = 0.003; P = 0.04) and CVD mortality (R2 = 100%; 
b = - 0.014; standard error = 0.006; P = 0.04) decreases, as 
depicted in Tables S1 and S2.

Primary endpoint: prospective cohort studies
The effects of vitamin D on CVDs were estimated using 
RR. RR (95% CI) for the highest vs. lowest categories of 
vitamin D was used in this study. In general, as Figure 4 

indicates, circulating 25 (OH) D increased the risk of CVD 
incidence by 31% (RR: 1.44, 95% CI: 1.19-1.45) and CVD 
mortality by 37% (RR: 1.37, 95% CI: 1.17-1.61).

The P value of Egger’s test for the CVD events was 0.55, 
and CVD mortality was 0.32. Sensitivity analysis for CVD 
events and mortality was performed by removing each 
study, which did not significantly change the general index 
of the study. 

Circulating 25 (OH) D increases the risk of MI and 
stroke by 47% (RR: 1.47, 95% CI: 1.17-1.86) and 42% (RR: 
1.42, 95% CI: 1.18-1.70), respectively, as demonstrated 
in Figures S5 and S6. Further, subgroup analysis was 
conducted for the main outcome based on gender, follow-
up period, study quality, and CVD history at baseline 
(Table 3). It was found that circulating 25 (OH) D increases 
the risk of CVDs by 28% in those without underlying 
CVDs (RR: 1.28, 95% CI: 1.07- 1.53), as shown in Table 3.

Table 1. Characteristics of studies on vitamin d and cardiovascular diseases in RCT

Author, Year Country Mean age (y) Intervention Control Gender Quality (ROB2) Follow-up (y)

Virtanen, 2022 31 USA 68
D3 1600 IU/D,
D3 3200 IU/D,

D3 1600 + 3200 IU/D
Placebo Both Low risk 5

Neale, 2022 32 Australia 69 D3 60000 IU/M Placebo Both Low risk 5.7

Chatterjee, 2021 33 USA 60 D3 4000 IU/D Placebo Both Low risk 2.9

Manson, 2019 18 USA 67.1 D3 2000 IU/D Placebo Both Low risk 5.3

Shoji, 2018 34 Japan 65 Alfacalcidol 0.5 μg/D Placebo Both Low risk 4

Scragg, 2017 35 New Zealand 65.5 D3 100000 IU/M Placebo Both Low risk 3.3

Zittermann, 2017 36 Germany 55 D3 4000 IU/D Placebo Both Low risk 3

Jorde, 2016 37 Norway 62 D3 20,000 IU/W Placebo Both Moderate 5

Baron, 2015 38 USA 58 Ca1200 mg + D3 1000 IU/D
Placebo + 
Calcium

Both Low risk 3

Martineau, 2014 39 UK 67.1 D3, 3 mg (120,000 IU)/2M Placebo Both Low risk 1

Ford, 2014 40 UK 77.5 D3 800 IU/D Placebo Both Low risk 2

Wang, 2014 41 Hong Kong 61 Paricalcitol 1 μg/D Placebo Both Moderate 1

Witham, 2013 42 UK 77 D3 100000 IU/3M Placebo Both Low risk 1

Gallagher, 2012 43 USA 67 Calcitriol, 0.25 μg twice/D Placebo Female Low risk 1

Lehouck, 2012 44 Belgium 60 D3 100000 IU/M Placebo Both Low risk 1

Sanders, 2010 45 Australia 76.5 D3 500000 IU/Y Placebo Female Low risk 2.96

Prince, 2008 46 Australia 77 Ca 1000mg + D3 1000 IU/D
Placebo + 
Calcium

Female Low risk 1

Zhu, 2008 47 Australia 74.8 Ca 1200 mg + D3 1000 IU/D
Placebo + 
Calcium

Female Moderate 5

Berggren, 2007 48 Sweden 82 Ca 1000 mg + D3 800 IU/D Placebo Female High risk 1

Hsia, 2007 49 USA 62 CaCO3 500 mg + D3 200 IU twice /D Placebo Female High risk 7

Jackson, 2006 50 WHI, USA 62.4 D3 400 IU/D Placebo Female Low risk 12

Brazier, 2005 51 France 76.4 CaCO3 500 mg + D3 400 IU twice /D Placebo Female High risk 1

Grant, 2005 52 UK 77 D3 800 IU/D Placebo Both Low risk 3.8

Trivedi, 2003 53 UK 74.8 D3 100000 IU/4M Placebo Both Moderate 5

Komulainen, 1999 54 Finland 53 D3 100 and 300 IU/D Placebo Female High risk 5

Ott, 1989 55 USA 67.9 D3 1000 mg/D Placebo Female High risk 2

Aloia, 1988 56 USA 64.1 D3 400 IU/D Placebo Female High risk 2

Inkovaara, 1983 57 Finland 79.5 D3 1000 IU/D Placebo Both High risk 1

Brohult, 1973 58 Sweden 52 D3 100000 IU/D Placebo Both High risk 1

Note. RCT: Randomized controlled trial; ROB2: Risk of bias.
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Discussion
This meta-analysis of cohort and clinical trials evaluated 
the effect of vitamin D on CVDs. The results showed that 
in PCSs, there is a direct association between vitamin 
D deficiency and the incidence of CVDs as well as its 
mortality, while in clinical trial studies, despite the inverse 
relationship between vitamin D and the incidence and 
mortality of CVDs, it was not statistically significant. 
Findings from this study suggested that as age rises, the 
risk of incidence and mortality of CVDs decreases.

Despite relatively similar results from interventional 
studies regarding the relationship between vitamin D and 
subgroups of CVDs such as MI and stroke, which did not 
show significance, these results are consistent with findings 
from Barbarawi and colleagues’ study.87 In addition, our 
study’s results from prospective studies in subgroups such 
as MI, stroke, and CHD are relatively contradictory. As 
discussed in our study, most cohort studies support the 

association between vitamin D deficiency and enhanced 
risk of CVDs.

Vitamin D receptors are found in most human cells 
and tissues, indicating many extraskeletal effects of this 
vitamin, especially in the cardiovascular system. Various 
mechanisms have been proposed in relation to vitamin 
D deficiency impacts on CVD risk factors such as the 
activation of the renin-angiotensin-aldosterone system, 
abnormal regulation of nitric oxide, oxidative stress, or 
changes in inflammatory pathways.88 The role of vitamin 
D has been attributed to the regulation of endothelial 
function. Moreover, endothelial dysfunction is strongly 
related to the pathogenesis of several cardiovascular 
disorders, atherosclerosis, and peripheral arterial 
diseases.89 Currently, there is no definitive agreement on 
the definition of optimal serum levels and nutritional 
requirements. In addition, the adequacy threshold may 
vary for different diseases and conditions, making it 

Table 2. Characteristics of studies on vitamin d and cardiovascular diseases in PCSs

Author, Year Country Mean age (y) Exposed (nmol/L) Unexposed (nmol/L) Gender Quality (NOS) Follow-up (y)

Park, 2022 21 Korea 50  ≥ 50  < 30 Both Moderate 8.9

Heath, 2020 59 Australia 61.3
Female: 53.1-121.3
Male: 68.9-201.8

Female: 13.9-34.7
Male: 8.2-42.9

Both Moderate 13.7

Paul, 2019 60 UK 65  > 84  ≤ 41.25 Both Moderate 4

Crowe, 2019 61 UK 52.1 67.50-206.49 0.05-23.09 Both Moderate 2.2

Su, 2019 62 China 73 50 - < 125  < 25 Both High 13.8

Leo Agelii, 2017 63 Sweden 47  > 51.45  ≤ 51.45 Female Moderate 17

El Hilali, 2015 64 Netherlands 75  ≥ 75  < 25 Both High 13

Lutsey, 2015 65 USA 56.5 87.75 (median) 35 (median) Both Moderate 18

Chien, 2015 66 China 60  ≥ 63.8  < 39 Both Moderate 9.6

Michos, 2015 67 USA 56  ≥ 75  < 50 Both High 19.7

Khaw, 2014 68 UK 63  ≥ 90  < 30 Both Moderate 13

Wannamethee, 2014 69 UK 68  ≥ 65  < 35 Male High 13

Perna, 2013 70 Germany 50  ≥ 50  < 30 Both Moderate 8

Bajaj, 2013 71 USA 67  ≥ 50  < 50 Male Moderate 4.4

Schöttker, 2013 72 Germany 62  > 50  < 30 Both Moderate 9.5

Rohrmann, 2013 20 Switzerland 47.1 62.5-249.5 0-33.5 Both Moderate 17.6

Kühn, 2013 73 Germany 53  ≥ 50  < 25 Both Moderate 7.7

Robinson-Cohen, 2013 74 USA 61  ≥ 75  < 50 Both Moderate 8.5

Schierbeck, 2012 75 Denmark 50  ≥ 50  < 50 Female Moderate 16

Lin, 2012 76 USA 56  ≥ 48.4  < 19.6 Both Moderate 24

Kritchevsky, 2012 77 USA 74.5  ≥ 75  < 25 Both Moderate 8.5

Messenger, 2012 78 USA 76.5 75.5-138.5 12.25-50.25 Male Moderate 4.4

Kestenbaum, 2011 79 USA 73.5  > 75  < 37.5 Both High 14

Bansal, 2014 80 UK 62.1  ≥ 75  < 50 Both Moderate 8.46

Bolland, 2010 81 New Zealand 74  ≥ 50  < 50 Female Moderate 5

Hutchinson, 2010 82 Norway 60 72.3 (median) 33.8 (median) Both Moderate 11.7

Michaëlsson, 2010 83 Sweden 71  > 98  < 39 Male High 12.7

Kilkkinen, 2009 84 Finland 49.4
Female: 56-151
Male: 62-180

Female: 4-25
Male: 5-28

Both High 27.1

Giovannucci, 2008 85 USA 63.8  ≥ 75  < 37.5 Male High 10

Pilz, 2008 86 Germany 63 50-74.99  < 25 Both Moderate 7.7

Note. PCS: Prospective cohort study; NOS: Newcastle-Ottawa scale.
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Figure 2. Forest plot for the results of the primary end point (cardiovascular events) in RCTs. Note. RCT: Randomized controlled trial; * Intervention: Vitamin D 
1600 IU/Day; ** Intervention: Vitamin D 3200 IU/Day; *** Intervention: Vitamin D 1600 + 3200 IU/Day

Figure 3. Forest plot for the results of the primary end point (cardiovascular deaths) in RCTs. Note. RCT: Randomized controlled trial; * Intervention: Vitamin D 
1600 IU/Day; ** Intervention: Vitamin D 3200 IU/Day; *** Intervention: Vitamin D 1600 + 3200 IU/Day
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difficult to determine optimal reference values.90 
Observational studies showed that vitamin D deficiency 

is extremely common among people with CHD or HF and 
has a protective role in CVDs.60,65 In the Framingham Heart 
Study, low serum D 25 (OH) levels were associated with a 
60% increase in cardiovascular death.91 A meta-analysis 
of several observational studies illustrated a positive 
relationship between low levels of vitamin D and the 
incidence of CVDs, HF, CHD, and mortality.92 However 
observational studies are susceptible to uncontrollable 
confounders by physical activity, nutritional status, and 
common chronic diseases that may affect serum vitamin D 
levels.83 According to the mentioned factors, we repeated 
subgroup analysis based on important confounding 
variables, but the role of residual confounding variables 
such as body mass index and physical activity cannot be 
fully controlled. Furthermore, a major confounding factor 
in observational studies could be the fact that people in 
good health may have higher 25 (OH) D levels due to more 
outdoor activity and, subsequently, more sun exposure.

Subgroup analysis for interventional studies confirmed 
the overall results, but in cohort studies, although most of 
the results indicated a direct relationship between vitamin 
D deficiency and various CVDs in different subgroups, 
some of the results were contradictory. The incidence of 
CVDs in studies where the follow-up period of participants 

was less or more than 10 years revealed significant direct 
results. Previous studies have demonstrated a stronger 
relationship for follow-up periods of less than ten years, 
which may reflect greater changes in vitamin D over 
longer periods or competing risks for fatal and non-fatal 
diseases in older populations.93 Some studies have revealed 
a possible nonlinear relationship between vitamin D and 
CVD risk with a threshold effect or even a U-shaped 
relationship.94,95

Findings from systematic review studies and meta-
analyses of previous clinical trials confirmed the meta-
analysis results of the present study.87,96 A large Mendelian 
randomization trial did not confirm the association 
between different levels of vitamin D and CVDs.97 In 
healthy and elderly subjects, daily supplementation with 
4000 IU for one year did not significantly alter any of the 
cardiovascular risk factors, including arterial stiffness.98 
In a double-blind, placebo-controlled trial in MI patients, 
daily administration of 4000 IU for five days affected 
some inflammatory indicators such as C-reactive protein 
and interleukin-6, while other indicators remained 
unchanged.99 In contrast, in the ViDA study, a monthly 
supplement of 100 000 international units of vitamin D 
over three years did not affect the incidence of CVDs, 
including atherosclerosis.35

The Vitamin D Trial (VITAL) is a double-blind, 

Figure 4. Forest plot for CVD events and mortality in PCSs. Note. CVD: Cardiovascular disease; PCSs: Prospective Cohort Studies
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Table 3. Subgroup analysis in RCTs and PCSs

Subgroup Studies design No. of effects RR (95% CI) I2 P value

CVD events by gender

Both RCT 13 0.98 (0.93-1.04) 0% 0.573

Male RCT 1 0.95 (0.84-1.07) - -

Female RCT 4 1.02 (0.96-1.10) 0 % 0.813

CVD mortality by gender

Both RCT 12 0.94 (0.84-1.04) 0 % 0.852

Male RCT 1 0.85 (0.65-1.11) - -

Female RCT 4 1.04 (0.92-1.17) 0 % 0.777

CVD events by vitamin D3 RCT 15 0.99 (0.95-1.03) 0 % 0.874

CVD mortality by vitamin D3 RCT 15 0.97 (0.90-1.05) 0 % 0.851

CVD events by ROB2

Low risk RCT 12 1.02 (0.97-1.07) 0% 0.763

Some concerns RCT 5 0.94 (0.88-1.02) 0% 0.621

High risk RCT 1 1.23 (0.39-3.88) - -

CVD mortality by ROB2

Low risk RCT 10 1.00 (0.92-1.09) 0% 0.776

Some concerns RCT 4 0.86 (0.72-1.03) 0% 0.935

High risk RCT 3 0.99 (0.11-9.24) 0% 0.344

CVD events by follow-up (y)

 > 3 RCT 12 0.99 (0.95-1.03) 0% 0.882

 ≤ 3 RCT 6 1.16 (0.95-1.42) 0% 0.476

CVD mortality by follow-up (y)

 > 3 RCT 11 0.97 (0.90-1.05) 0% 0.698

 ≤ 3 RCT 6 1.20 (0.62-2.64) 0% 0.782

Myocardial infarction by vitamin D3 RCT 20 0.99 (0.93-1.06) 0% 0.999

Stroke by vitamin D3 RCT 18 1.04 (0.97-1.12) 0% 0.986

CVD events by gender

Both PCS 5 1.44 (1.27-1.63) 51.9% 0.081

Male PCS 2 1.03 (0.88-1.22) 0% 0.498

Female PCS 4 1.19 (0.94-1.51) 80.6% 0.001

CVD mortality by gender PCS

Both PCS 12 1.40 (1.18-1.67) 72.3% 0.001

Male PCS 1 0.90 (0.39-2.05) - -

Female PCS 1 1.17 (0.72-1.90) - -

CVD events by follow-up (y) PCS

 < 10 PCS 6 1.27 (1.02-1.57) 78.9% 0.001

 ≥ 10 PCS 4 1.25 (1.01-1.56) 86.2% 0.001

CVD mortality by follow-up (y) PCS

 < 10 PCS 5 1.16 (0.92-1.46) 54.8% 0.065

 ≥ 10 PCS 9 1.52 (1.30-1.77) 38% 0.115

CVD event by quality (NOS) PCS

Moderate quality PCS 10 1.26 (1.10-1.45) 82.5% 0.001

High quality PCS 1 1.03 (0.28-3.79) - -

CVD mortality by quality (NOS) PCS

Moderate quality PCS 9 1.33 (1.09-1.61) 68% 0.002

High quality PCS 5 1.49 (1.19-1.87) 36.9% 0.175

CVD events by CVD history at baseline PCS

No PCS 7 1.28 (1.07-1.53) 84.5% 0.001

Yes PCS 4 1.22 (0.92-1.61) 77.1% 0.004

CVD mortality by CVD history at baseline PCS

No PCS 6 1.17 (0.92-1.47) 77.3% 0.001

Yes PCS 8 1.57 (1.36-1.81) 2.7% 0.409

Note. RCT: Randomized controlled trial; PCS: Prospective cohort study; RR: Risk ratio; CI: Confidence interval; CVD: Cardiovascular diseases; ROB2: Risk of bias 
2; NOS: Newcastle-Ottawa scale.
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randomized, placebo-controlled trial that investigated the 
effect of high-dose vitamin D (2000 IU) and omega-3 fatty 
acid supplementation in 25 871 participants. This study 
had a large and racially diverse general population sample, 
and the results of the study showed that the use of vitamin 
D supplementation does not lead to a significant difference 
in any of the CVDs compared to the placebo group.18 In 
addition, in the calcium-vitamin D trial for seven years, 
no reduction in the incidence of CHD or stroke was 
observed with the combination of calcium and vitamin 
D supplementation.49 Such differences may be the result 
of different doses and times. Overall, the results of recent 
RCTs clearly indicate that vitamin D supplementation in 
people with adequate levels of vitamin D is not significantly 
associated with CVDs in the general population.

According to the results of our study regarding clinical 
trial studies, age increases the risk of incidence and death of 
CVDs, and the results of analysis of other studies according 
to age have demonstrated a significant relationship 
between increasing age and the incidence of CVDs.87,96 
Nevertheless, this relationship was not significant in terms 
of gender, excess calcium consumption (less than 25 ng/
mL and more), body mass index, vitamin D dose, and 
other factors. The regression analysis results for age in 
Barbarawi and colleagues’ study showed that it should be 
interpreted cautiously in the presence of other variables.87

The present study is the first one that includes two 
designs, namely, RCTs and PCSs with a large sample size, 
considering the number of included articles. This study 
also had some limitations. First, most clinical trial studies 
were not designed to evaluate the effects of vitamin D 
supplementation on CVDs, yet their primary outcome 
was the effect of vitamin D on fractures and osteoporosis 
in elderly and postmenopausal women, and CVDs were 
considered secondary outcomes and were underpowered 
for CVD events. Second, some studies did not have enough 
data to calculate the effect of the study (RR). Third, it was 
impossible to access some articles’ full text.

Conclusion
According to the results of the current study regarding 
clinical trial studies, age increases the risk of incidence and 
death of CVDs. According to the findings of systematic 
reviews and meta-analyses of RCTs, it appears that vitamin 
D supplementation may have a small overall survival 
benefit. However, there is a direct association between 
vitamin D deficiency and the incidence of CVDs as well 
as its mortality. According to the results of clinical trial 
studies, which carry higher levels of scientific evidence, 
it can be concluded that vitamin D supplementation does 
not exert a significant effect on the incidence, mortality, 
and reduction of CVDs.
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