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Abstract. This review was conducted to assess the dose–

response relationship between vitamin D and cardiovascular
disease (CVD) outcomes in humans: Prospective cohort
studies indicate a multivariable-adjusted non-linear increase
in CVD events at levels of circulating 25-hydroxyvitamin D
[25(OH)D] of less than 50 nmol/l. However, Mendelian
randomization studies do not support these findings. Although
meta-analyses of randomized controlled trials (RCTs) do not
rule out small beneficial vitamin D effects on surrogate
parameters of CVD risk, such as arterial stiffness, at vitamin
D doses equivalent to 1,000-5,333 IU daily, other metaanalyses of RCTs show no reduction in CVD events by vitamin
D supplementation. Notably, some cohort studies and a recent
RCT provide evidence for harmful effects of vitamin D on
CVD outcomes at 25(OH)D levels in excess of 100 nmol/l. In
conclusion, more studies in individuals with a deficient
25(OH)D level (i.e. <30 nmol/l) are needed, but caution is
necessary regarding supplementation with vitamin D doses
achieving a 25(OH)D level which exceeds 100 nmol/l.

Vitamin D is an essential substance for humans. Generally,
such substances show a U-shaped association of oral intake
with their biological response, with deleterious effects on
body functions not only at toxic doses but also at deficient
doses (1).
Data from experimental animals indeed support the
assumption of a U-shaped association between vitamin D
and bodily functions, including a biphasic vitamin D effect
on the cardiovascular system (1, 2). However, the level of
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scientific evidence for extrapolating data to humans from
experimental animals is low (Figure 1). The present review
article, therefore, aimed to summarize data in humans in
order to answer the question of whether vitamin D should be
recommended for prevention of CVD, thereby also
considering potentially harmful effects of vitamin D. The
review focuses on prospective cohort studies, randomized
controlled trials (RCTs) and, when available, meta-analyses
of these types of studies, as well as Mendelian randomization
studies. Special attention regarding CVD outcomes is paid
to the association with level of circulating 25hydroxyvitamin D [25(OH)D] and vitamin D dosing.

Search Strategy

A systematic literature search in PubMed was performed
without language restrictions for relevant publications released
until the end of May 2017. The following search terms were
used: ‘vitamin D’ or ‘vitamin D supplementation’ or ‘vitamin
D administration’ or ‘cholecalciferol’ or ‘25-hydroxyvitamin
D’ or ‘Mendelian randomization’ and ‘cardiovascular disease
(CVD)’ or ‘heart failure’ or ‘hypertension’ or ‘cardiovascular
mortality’ or ‘myocardial infarction’ or ‘stroke’. Personal
collections of articles on this topic, as well as references from
selected articles were also used to extend the search. Some
articles are not cited due to space limitations.

Dietary Reference Values for Vitamin D

Based on circulating 25(OH)D, which is the generally
accepted indicator of vitamin D status, the North American
Institute of Medicine (IOM) (3) has classified levels of 50 to
125 nmol/l as adequate (divide by 2.496 to convert into
ng/ml), between 30 and 49.99 nmol/l as inadequate and levels
below 30 nmol/l as deficient, whereas levels in excess of 125
nmol/l are classified as potentially harmful. The IOM also
recommends an age-dependent daily vitamin D dose of 600
to 800 IU in healthy adults to guarantee an adequate vitamin
D status even if skin synthesis of vitamin D is very low. The
recommended oral intakes are based on a threshold level of
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50 nmol/l for an adequate 25(OH)D level in blood and focus
on bone health. Similar recommendations for adults (800 IU
daily in the absence of skin synthesis of vitamin D) have been
released by some European nutrition societies (4). In line with
these recommendations, a systematic review of RCTs (5) has
demonstrated that depending on age and body weight, adults
would on average need a daily vitamin D dose of 200 to
720 IU for an increment in circulating 25(OH)D from 25 to
50 nmol/l. Moreover, these official recommendations are
confirmed by a trial demonstrating that a daily vitamin D
supplement of 800 IU is able to achieve a 25(OH)D level of
50 nmol/l in the circulation in almost all female adults of
childbearing age in winter (6). With respect to vitamin D
toxicity, the IOM (3) and the European Food Safety Authority
(7) have set the no observed adverse effect level at 10,000 IU
daily and, using a safety factor of 2.5, the upper tolerable
intake level at 4,000 IU daily. The IOM and the European
nutrition societies do not recommend vitamin D for
preventing CVD. Likewise, the Endocrine Society
recommends vitamin D only for maintaining musculoskeletal
health (8). However, in its guidelines to clinicians, the
Endocrine Society recommends a target 25(OH)D level of 75
nmol/l and a daily vitamin D dose of up to 2,000 IU (8).
Notably, the aforementioned systematic review (5)
demonstrated that for an increment in circulating 25(OH)D to
75 nmol/l the average dose, age and body weightdependently, would be up to 3,360 IU, indicating that higher
target levels for circulating 25(OH)D increase the required
oral vitamin D intake exponentially (5). Moreover, it has been
demonstrated that a daily vitamin D dose of 3,800-5,000 IU
is necessary to attain a circulating 25(OH)D concentration
greater than 75 nmol/l in almost all adults (9). The Endocrine
Society has set the upper tolerable intake level at 10,000 IU
daily and from their Clinic Practice Guideline (8) it can
indirectly be assumed that they consider levels of 75 up to
250 nmol/l 25(OH)D as adequate and those exceeding 250
nmol/l as potentially harmful.

Cohort Studies on Vitamin D and CVD Risk

A recent meta-analysis of prospective cohort studies
published dose-response relationships between circulating
levels of 25(OH)D and CVD outcomes (10). Data were
based on 34 studies with more than 180,000 participants. The
dose-response relationship showed a nonlinear increase of
the multivariable-adjusted risk of CVD events at 25(OH)D
levels below 50 nmol/l but no further decrease in the risk of
CVD events at higher levels, i.e. between 50 and 137.5
nmol/l. Regarding CVD mortality, this meta-analysis showed
a continuous decrease in the relative risk from 25(OH)D
levels of 12.5 nmol/l up to the highest recorded value, which
was 100 nmol/l. Surprisingly, however, the meta-analysis did
not include two very large observational studies (11, 12):
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The study by Dror et al. reported data based on over 400,000
Israeli health service members and showed a progressive
increase in the relative risk of a composite of acute coronary
syndrome and mortality at 25(OH)D levels below 50 nmol/l
and a low risk at levels between 50 and 90 nmol/l (11).
Nonetheless, the risk increased significantly again at levels
exceeding 90 nmol/l, indicating an inverse J-shaped
association between circulating 25(OH)D level and clinical
outcome. Such an inverse J-shaped association was also
reported in almost 250,000 individuals from the Copenhagen
general practice sector, with the lowest CVD-associated
mortality at circulating 25(OH)D levels of between 50 and
100 nmol/l (12). In these two very large cohort studies, the
total number of patients with a 25(OH)D level greater than
100 nmol/l was small. Grant argues that the association
between CVD events and a high 25(OH)D level may be due
to vitamin D supplement use because of physician advise to
take extra vitamin D supplements due to having a vitamin
D-deficiency-associated disease (13). However, this would
at least be an indication for the ineffectiveness of vitamin D
supplement use in the clinical setting. Moreover, a U-shaped
association between major cardiac and cerebrovascular
events and a circulating 25(OH)D level of 20 to 120 nmol/l
has also been demonstrated in cardiac surgical patients (14),
although there was no evidence that the high 25(OH)D levels
were due to vitamin D supplement use (15). Altogether, it is
noteworthy that observational vitamin D studies cannot
prove causality, and even multivariable adjustment cannot
solve the problem of residual confounding (16). Therefore,
RCTs are the only appropriate way to demonstrate the role
of vitamin D in CVD health.

Randomized Controlled Trials

Biochemical CVD risk markers. Dyslipoproteinemia is a wellestablished risk factor for CVD (17). It has been proposed from
experimental studies that vitamin D determines the cholesterol
level through regulating bile acid synthesis from cholesterol,
influencing vascular calcification, suppressing the renin–
angiotensin–aldosterone system, and inhibiting foam cell
formation (17). Nevertheless, the outcomes of those evaluating
associations of vitamin D with serum lipids have to be
investigated in RCTs. In 2012, Wang et al. performed a metaanalysis on the effect of vitamin D on the lipid profile (18).
Based on seven RCTs with 1,346 individuals aged 18 to 80
years, it was concluded that vitamin D supplementation does
not reduce but in fact increases the LDL-cholesterol level. The
pooled estimate of effect for vitamin D supplementation on
LDL-cholesterol was 3.23 mg/dl [95% confidence interval
(CI)=0.55 to 5.90 mg/dl]. No statistically significant effects for
vitamin D supplementation were observed for total cholesterol,
HDL-cholesterol and triglycerides [differences in means were
1.52 mg/dl (95%CI=−1.42 to 4.46 mg/dl), −0.14 mg/dl (95%
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evidence is accumulating that inflammation is not a major
risk factor for CVD (21).

Figure 1. Hierarchy of scientific evidence. RCTs, Randomized controlled
trials.

CI=−0.99 to 0.71 mg/dl) and −1.92 mg/dl (95% CI=−7.72 to
3.88 mg/dl), respectively]. The inspection of seven additional
RCTs 2 years later did not substantially change the findings
based on the aforementioned meta-analysis (18). It was
therefore concluded that for definitive answers to be given,
large, well-designed RCTs need to be conducted (17). These
RCTs should be performed in vitamin D-deficient individuals
of populations which have hyperlipidemia as an inclusion
criterion. It was also suggested that until such studies have
been performed, recommendations for vitamin D
supplementation should not change (17).
CVD is often associated with inflammatory processes.
Regarding markers of inflammation, such as C-reactive
protein (CRP), the results of the meta-analysis of 10 trials
involving a total of 924 participants showed that vitamin D
supplementation significantly reduced the level of circulating
high-sensitivity (hs)-CRP level by 1.08 mg/l (95% CI=−2.13−0.03 mg/l), with evidence of heterogeneity. Subgroup
analysis suggested a higher reduction of 2.21 mg/l (95%
CI=−3.50-−0.92 mg/l) among participants with baseline hsCRP level of 5 mg/l or higher (19). However, this metaanalysis may have been subject to a selection bias, since a
study demonstrating null effects of vitamin D on hs-CRP
(20) was not included in the meta-analysis. Moreover,

Surrogate clinical parameters. Data concerning the effect of
vitamin D on surrogate parameters of CVD risk can be
helpful for estimating the potential of vitamin D in avoiding
clinical CVD events such as myocardial infarction or stroke.
Hypertension and arterial stiffness are among such surrogate
parameters of CVD risk.
In 2015, a meta-analysis incorporating individual patient
data from 27 RCTs (3092 participants) came to the
conclusion that vitamin D supplementation is ineffective as
an agent for lowering blood pressure (22). The mean
difference in systolic and diastolic blood pressure between
individuals assigned to vitamin D and those receiving
placebo was −0.5 (95% CI=−1.2 to 0.4) mmHg and 0.2 (95%
CI=−0.3-0.7) mmHg, respectively. In 2016, Veloudi et al.
investigated the effect of vitamin D dose on blood pressure
according to trial duration in 36 RCTs (23). Duration of the
included studies ranged from 5 weeks to more than 7 years,
and the calculated daily vitamin D dose ranged between 30
IU (administered as alphacalcidol) and 6,575 IU. Only eight
out of the 36 studies reported a significant benefit of vitamin
D on blood pressure. None of these studies lasted longer than
6 months, and no dose-response relationship was established.
The majority of the eight studies with beneficial vitamin D
effects were performed in the 1980s using activated vitamin
D (alphacalcidol), or vitamin D bolus doses equivalent to
6,575 IU daily. Another systematic review and meta-analysis
came to the conclusion that vitamin D supplementation had
no effect on systolic or diastolic blood pressure in
populations with non-chronic kidney disease (24).
A meta-analysis of RCTs on arterial stiffness reported
non-significant reductions in pulse-wave velocity
(standardized mean difference=−0.10 m/s, 95% CI=−0.240.04 m/s) and augmentation index (standardized mean
difference=−0.15%; 95% CI=−0.32-0.02%), the latter being
a measure of the enhancement of central aortic pressure, by
vitamin D supplementation in the range of 1,000 to 5,700
IU/day (25). Out of the18 studies included, 11 had a mean
25(OH)D level of less than 50 nmol/l, four of between 50
and 75 nmol/l, and two greater than 75 nmol/l at recruitment,
whereas one study provided no 25(OH)D data. The
aforementioned review by Veloudi et al. included nine
studies on carotid-femoral pulse-wave velocity in their
analysis (23). Duration of the included studies ranged
between 2 and 12 months, and the calculated daily vitamin
D dose ranged between 1,644 IU and 6,575 IU. Only one out
of the nine studies (calculated daily dose 2,005 IU) showed
a beneficial effect.
Collectively, results on surrogate parameters indicate, at
best, a tendency towards a small beneficial effect on arterial
stiffness.
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CVD outcomes. Elamin et al. summarized data about the
effect of vitamin D supplementation on myocardial infarction
and stroke (26). The daily vitamin D dose of the seven
included studies ranged between 300 and 1,000 IU. In the
four studies where baseline 25(OH)D data were available, the
concentrations were less than 60 nmol/l, less than 30 nmol/l,
or on average 46 or 54 nmol/l, respectively. The relative risk
of myocardial infarction and stroke was 1.02 (95% CI=0.931.13) and 1.05 (95% CI=0.88-1.25), respectively. In a more
recent meta-analysis, Bolland et al. (27) included four
additional studies together with the seven studies of the metaanalysis by Elamin et al. (26) to assess the effect of vitamin
D on myocardial infarction or ischemic heart disease and
stroke or cerebrovascular disease. These additional studies
had baseline 25(OH)D levels of 38, 48, 53 and 72 nmol/l ,
respectively, and vitamin D doses of 400, 800, and 1,100 IU
daily, or 500,000 once a year (equivalent to 1,340 IU daily).
Results were similar to the data by Elamin et al. (26) and did
not differ substantially in subgroup analyses of trials using
vitamin D supplements alone or in combination with calcium
administration. The meta-analysis by Bolland et al. (27)
provided evidence that vitamin D supplementation does not
alter the relative risk of CVD events by 15% or more. In line
with these data, a very recent large RCT on elderly
individuals with a mean baseline 25(OH)D level of 64 nmol/l
failed to demonstrate a significant effect of a monthly vitamin
D bolus of 100,000 IU for 3.34 years on incident CVD and
death (primary endpoint) [hazard ratio (HR)=1.02, 95%
CI=0.87-1.20], nor on myocardial infarction, angina, heart
failure, hypertension, arrhythmias, arteriosclerosis, stroke, and
venous thrombosis (secondary endpoints) (28). The findings
of this RCT also supported the results of a meta-analysis that
indicated no significant effect of vitamin D supplementation
on heart failure events (29).

CVD mortality. The most important clinical endpoint with
respect to CVD events is CVD mortality. In a Cochrane
review of vitamin D supplementation for prevention of
mortality in adults (30), vitamin D3 use did not reduce CVD
mortality (RR=0.98, 95% CI=0.90 to 1.07). Results are based
on 10 trials covering 47,267 individuals. The vitamin D
doses were equivalent to 400-1340 IU daily, with one
exception using 100,000 IU daily.

Mendelian Randomization Studies

Some may argue that lifelong adequate vitamin D status is
necessary to prevent CVD events efficiently. According to
this claim, vitamin D supplement use may be ineffective,
even if the study duration is several years, if vitamin D
supplements are used primarily in elderly patients with
already pre-existing CVD risk. However, Mendelian
randomization can contribute to solving this problem. This
1182

Figure 2. Schematic representation of Mendelian randomization
analysis.
25(OH)D,
25-hydroxyvitamin
D;
DHCR7,
7dehydrocholesterol-reductase; CYP2R1, cytochrome P450 family 2
subfamily R member 1 (vitamin D-25-hydroxylase); GC, group-specific
globulin (identical to vitamin D-binding protein); CYP24A1, cytochrome
P450 family 24 subfamily A member 1 (vitamin D-24-hydroxylase).

study approach takes advantage of lifelong differences in
vitamin D status attributable to genetic variants in single
nucleotide polymorphisms and is therefore not confounded
by lifestyle factors (Figure 2). A Danish approach used an
observational study design together with a Mendelian
randomization analysis to assess the association of circulating
25(OH)D with CVD outcome (31, 32). The approach took
into account that synthesis of 25(OH)D is influenced by
polymorphisms in 7-dehydrocholesterol reductase and hepatic
cytochrome P450 family 2 subfamily R member 1 (CYP2R1,
also known as vitamin D-25-hydroxylase). Data indicate
significantly higher observational multivariable-adjusted HRs
for a 25-nmol/l decrease in 25(OH)D for ischemic heart
disease (HR=1.07, 95% CI=1.01-1.13) and myocardial
infarction (HR=1.16, 95% CI=1.06-1.27), whereas the odds
ratios (ORs) for a genetically associated 25 nmol/l decrease
were not significantly associated with ischemic heart disease
(OR=0.98, 95% CI=0.76-1.26) or myocardial infarction
(OR=1.15, 95% CI=0.83-1.59) (31). With respect to CVD
mortality, the OR for an observational multivariable-adjusted
reduction of 25(OH)D concentration by 20 nmol/l was 1.13
(95% CI=1.03 to 1.24) but was 0.77 (95% CI=0.55 to 1.08)
for a genetically determined reduction by 20 nmol/l (32). In
a Mendelian randomization study on blood pressure including
up to 108,173 individuals from 35 studies (33), each 10%
increase in genetically determined 25(OH)D concentration
was associated with a significant reduction of 0.29 mm Hg in
diastolic blood pressure, a significant reduction of 0.37 mm
Hg in systolic blood pressure, and an 8.1% reduced odds of
hypertension, indicating that in the long term, vitamin D
might have a small, but significantly beneficial effect on
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Figure 3. Requirement for mechanical circulatory support implants in patients with advanced heart failure receiving supplement of 4,000 IU vitamin
D3 daily for 3 years by study [unpublished data from the EVITA trial (34)]. HR: Hazard ratio; CI: confidence interval.

blood pressure. However, as indicated by the Mendelian
randomization studies on myocardial infarction, ischemic
heart disease, and CVD mortality (31, 32), this effect
obviously does not translate into a reduced risk of CVD
events. Therefore, results from the Mendelian randomization
approach generally support the null effect of vitamin D
supplement use on CVD events demonstrated by RCTs. Data
also support the assumption that no premature conclusions
should be drawn based solely on observational data.

Potentially Harmful Vitamin D
Effects on CVD Outcomes in Humans

As mentioned before, several cohort studies have reported an
increased risk of CVD events at a circulating 25(OH)D level
greater than 100 nmol/l (11, 12, 14). Although the
aforementioned recently published large and long-lasting RCT
by Scragg et al. (28) found no significant effect of vitamin D
on CVD outcome, another recent RCT on advanced heart
failure (EVITA trial) provided further evidence for adverse
effects of vitamin D in patients with CVD (34): In the EVITA
trial, a daily vitamin D3 supplement of 4,000 IU for 3 years
resulted in a greater need for mechanical implants for

circulatory support (Figure 3). This relationship was only
present in patients with an initial circulating 25(OH)D
concentration of 30 nmol/l or more (34). This group also
achieved in-study 25(OH)D levels greater than 100 nmol/l,
whereas 25(OH)D levels remained below 100 nmol/l in those
with a level of less then 30 nmol/l. Since the need for
mechanical circulatory support was only a secondary endpoint
in that study, a chance finding cannot be definitively ruled out.
However, the effect was also related to an elevated plasma
calcium level: The incidence of hypercalcemia (plasma calcium
>2.75 mmol/l) was 6.2% and 3.1% in the vitamin D-treated
and placebo groups, respectively (p=0.192). Moreover, vitamin
D supplementation resulted in a significant increase in plasma
calcium, although the mean calcium level still remained within
the reference range (34). The number of individuals with an instudy plasma calcium level above 2.6 mmol/l was significantly
higher in the group assigned to vitamin D than in the group
assigned to placebo (Figure 4). Notably, long-term results of
the effect of vitamin D on plasma calcium are very limited.
According to the IOM, there continues to be large uncertainty
about the progressive health effects of regular ingestion of even
moderately high amounts of vitamin D in the long term (3). In
the EVITA trial, the vast majority of participants had an initial
1183
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however, more RCTs in individuals with a deficient initial
25(OH)D level (i.e. <30 nmol/l) are needed to investigate
whether or not vitamin D-deficient individuals benefit from
use of vitamin D supplement. These studies should adhere to
the official dietary reference values for vitamin D of 800 IU
daily. Caution is necessary regarding long-term
supplementation with vitamin D achieving 25(OH)D levels
in excess of 100 nmol/l, especially in the clinical setting.
In summary, there is currently no convincing evidence for
a reduction in CVD events through vitamin D supplement use.
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