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Background: Vitamin D may modify risk for cardiometabolic out-
comes (type 2 diabetes, hypertension, or cardiovascular disease).

Purpose: To examine the association between vitamin D status,
including the effect of vitamin D supplementation, and cardio-
metabolic outcomes in generally healthy adults.

Data Sources: English-language studies in MEDLINE (inception to
4 November 2009) and the Cochrane Central Register of Con-
trolled Trials (fourth quarter of 2009).

Study Selection: 11 reviewers screened citations to identify longi-
tudinal cohort studies that reported associations between vitamin D
status and cardiometabolic outcomes, including randomized trials of
vitamin D supplementation.

Data Extraction: 5 independent reviewers extracted data about
study conduct, participant characteristics, outcomes, and quality.
Differences were resolved by consensus.

Data Synthesis: 13 observational studies (14 cohorts) and 18 trials
were eligible. Three of 6 analyses (from 4 different cohorts) re-
ported a lower incident diabetes risk in the highest versus the
lowest vitamin D status groups. Eight trials found no effect of
vitamin D supplementation on glycemia or incident diabetes. In
meta-analysis of 3 cohorts, lower 25-hydroxyvitamin D concentra-

tion was associated with incident hypertension (relative risk, 1.8
[95% CI, 1.3 to 2.4]). In meta-analyses of 10 trials, supplementa-
tion nonsignificantly reduced systolic blood pressure (weighted
mean difference, —1.9 mm Hg [Cl, —4.2 to 0.4 mm Hg]) and did
not affect diastolic blood pressure (weighted mean difference,
—0.1 mm Hg [Cl, —0.7 to 0.5 mm Hg]). Lower 25-hydroxyvitamin
D concentration was associated with incident cardiovascular disease
in 5 of 7 analyses (6 cohorts). Four trials found no effect of
supplementation on cardiovascular outcomes.

Limitations: Studies included primarily white participants. Observa-
tional studies were heterogeneous. Several trials reported post hoc
analyses.

Conclusion: The association between vitamin D status and cardio-
metabolic outcomes is uncertain. Trials showed no clinically signif-
icant effect of vitamin D supplementation at the dosages given.

Primary Funding Source: National Institute of Diabetes and Diges-
tive and Kidney Disease, the National Institutes of Health Office of
Dietary Supplements, U.S. Food and Drug Administration, Agency
for Healthcare Research and Quality, and Public Health Agency of
Canada.
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Increasing evidence suggests that vitamin D may have an
important role in modifying risk for cardiometabolic
outcomes, including type 2 diabetes, hypertension, and
cardiovascular disease (1, 2). However, most studies that
have shown an association between lower plasma or serum
25-hydroxyvitamin D, or 25(OH)D, concentration or vi-
tamin D intake and increased risk for cardiometabolic out-
comes are cross-sectional, which limits the strength of their
conclusions. Ecological studies (3—5) have also reported
higher rates of diabetes, hypertension, and coronary heart
disease with increasing distance from the equator, which
suggests a possible association with vitamin D insufficiency
in regions with less sun exposure.

Recently, several longitudinal observational studies
and trials of the relationship between vitamin D and car-
diometabolic outcomes have been published. To determine
the potential role of vitamin D in cardiometabolic out-
comes, we performed a systematic review of longitudinal
observational studies of vitamin D status and randomized,
controlled trials of vitamin D supplementation on cardio-
metabolic outcomes.

METHODS

This review is an expansion of an evidence report com-
missioned by the Agency for Healthcare Research and
Quality (AHRQ) for an Institute of Medicine panel that is

revisiting the dietary reference intakes for vitamin D and
calcium (6). The AHRQ evidence report on vitamin D
(and calcium) evaluated 17 clinical outcomes in the general
healthy population, including incident hypertension and
cardiovascular disease. We include an additional focused
systematic review of cardiometabolic outcomes related to
type 2 diabetes. We developed and followed a standard
protocol for the overall review.

Data Sources and Study Selection
We conducted 2 independent searches of MEDLINE

(inception to 4 November 2009) and the Cochrane Cen-
tral Register of Controlled Trials (fourth quarter of 2009;
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Context

Does vitamin D modify risk for type 2 diabetes,
hypertension, or cardiovascular disease?

Contribution

This review found cohort studies in healthy adults that
reported that lower vitamin D status was associated with
increased risk for hypertension and possibly cardiovascular
disease. Data on associations with diabetes were unclear.
Trials thus far show no consistent, statistically significant
effect of vitamin D supplementation on blood pressure or
glycemic or cardiovascular outcomes.

Implication

Lower vitamin D status seems to be associated with in-
creased risk for hypertension and cardiovascular disease,
but we do not yet know whether vitamin D supplementa-
tion will affect clinical outcomes.

—The Editors

last searched 4 November 2009). Each search included
longitudinal observational studies of vitamin D status and
randomized, controlled trials of vitamin D supplementa-
tion (cholecalciferol [Ds] or ergocalciferol [D,], with or
without calcium) in adults.

Our broad systematic review for the AHRQ evidence
report identified longitudinal observational studies that as-
sessed vitamin D status by measuring plasma or serum
25(OH)D concentration. This literature search, which was
last conducted on 30 April 2009, included the cardiometa-
bolic outcomes of incident hypertension, incident cardio-
vascular disease, and (in trials only) change in blood pres-
sure. We included only generally healthy populations
(<20% of study participants had major chronic diseases,
such as diabetes, cancer, or cardiovascular disease, at base-
line). We also included studies of calcium intake alone,
which are not reported here.

Our focused literature search also included studies that
assessed vitamin D status by self-reported vitamin D intake
or predicted 25(OH)D concentration from self-reported
data; studies with the diabetes-related outcomes of incident
type 2 diabetes and (in trials only) change in glycemia
(fasting plasma glucose, 2-hour glucose after oral glucose
tolerance test, or hemoglobin A, ); and all adult popula-
tions regardless of baseline disease (except those specifically
excluded). We last conducted this literature search on 4
November 2009.

We combined terms for vitamin D, hypertension, and
cardiovascular disease (both searches) and diabetes mellitus
(focused search) and restricted our searches to English-
language publications. We sought additional studies in per-
sonal reference lists and citation sections of recovered arti-
cles. We excluded cross-sectional or retrospective cohort
studies, standard case—control studies, and short-term (<1
month) randomized trials. We included nested case—
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control studies in which data on vitamin D status were
collected before outcome assessment. We excluded studies
on type 1 diabetes, because of its different pathophysiol-
ogy; studies in children, pregnant women, or participants
with conditions that affect vitamin D metabolism (such as
chronic kidney disease or hyperparathyroidism); and trials
that used a vitamin D preparation other than D5 or D, or
nonoral vitamin D administration.

We screened the 2 literature searches independently.
For the broad systematic review, 10 investigators per-
formed single screening of search results for outcomes of
interest. For the focused systematic review, 1 additional
investigator screened all abstracts. We combined the results
from the 2 independent searches if the studies met the
specific criteria for the focused systematic review on cardio-
metabolic outcomes (type 2 diabetes, hypertension, and
cardiovascular disease). We resolved the discrepancies by
consensus in group conference.

Data Extraction and Quality Assessment

One reviewer extracted data independently from each
study, and at least one other reviewer confirmed them. The
extracted data included study design; participant char-
acteristics; longest reported follow-up period; method of
assessing vitamin D status or details of vitamin D supple-
mentation; association between vitamin D status or sup-
plementation and outcome; potential confounding vari-
ables adjusted for, with particular emphasis on age, race,
weight, and variables related to sun exposure (such as sea-
son or location); method of ascertaining cardiometabolic
outcome; and statistical analyses.

We assessed the methodological quality of each study
on the basis of predefined criteria, in accordance with
AHRQ’s suggested methods for systematic reviews (7).
The primary data extractor determined the study quality
and at least one other reviewer confirmed it. Good-quality
studies adhere most closely to the commonly held concepts
of high quality, including clear descriptions of the popula-
tion and setting; unbiased assessments of vitamin D status
and outcomes; appropriate statistical analysis, including
multivariate analysis adjusted for age, race, weight, and sun
exposure; no obvious reporting omissions or errors; and
fewer than 20% dropouts. Fair-quality studies have some
deficiencies in these criteria, which are unlikely to cause
major bias. Poor-quality studies have major deficiencies,
such that we could not exclude major bias. We considered
factors in the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) statement for ob-
servational studies (8), nutrition-specific items from a crit-
ical appraisal of micronutrient systematic reviews (9), and
the CONSORT (Consolidated Standards of Reporting

Trials) statement for reporting clinical trials (10).

Data Synthesis and Analysis

We performed random-effects model meta-analyses
when similar data from 3 or more observational cohorts or
trials were available (11). For observational studies, we syn-
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thesized relative risks (RRs) or hazard or odds ratios that
compared the extreme categories of vitamin D status (high-
est vs. lowest, as defined in each study), provided that the
categories corresponded to similar levels of vitamin D in-
take or 25(OH)D concentration across studies. For ran-
domized trials, we combined net differences for continuous
outcomes and RR for dichotomous outcomes. We tested
between-study heterogeneity with the Q statistic (signifi-
cant when P < 0.10) and quantified its extent with 7 (12).

Role of the Funding Source

The funding sources (National Institute of Diabetes
and Digestive and Kidney Disease, Office of Dietary Sup-
plements, U.S. Food and Drug Administration, AHRQ,
and Public Health Agency of Canada) had no role in the
design, conduct, or reporting of the study or in the deci-
sion to submit the manuscript for publication, except that
AHRQ participated in formulating the study questions for
the evidence report (6).

RESULTS
Search Results

Our independent searches identified 5739 and 2087
abstracts. We retrieved 106 articles for full-text review in
the broad search and 127 articles in the focused search. We
found 32 qualified studies from both searches combined.
The Appendix Figure, available at www.annals.org, shows
the reasons for exclusion.

Vitamin D and Type 2 Diabetes
Longitudinal Observational Cohort Studies

Three studies with 4 cohorts reported the association
between vitamin D status and risk for type 2 diabetes (13—
15) (Appendix Table 1, available at www.annals.org). The
studies included 95 243 participants (98% white) who
were followed from 9 to 20 years. Two fair-quality studies
(13, 14) assessed vitamin D status by self-reported total
vitamin D intake, and 1 good-quality study (15) measured
serum 25(OH)D concentration. Ascertainment of type 2
diabetes was by validated self-report in 2 studies (13, 14)
and by national registry—based data in the third (15). Two
studies reported multivariate-adjusted results, whereas 1
study (13) adjusted only for age.

Among men, the association between higher vitamin
D concentration and lower risk for incident type 2 diabetes
was significant in the Mini-Finland Health Survey and
nearly significant in the Finnish Mobile Clinic Health Ex-
amination Survey (15). No association was found in 3 of 4
analyzed groups of women (14, 15). Only the Women’s
Health Study cohort (13) showed an association between
higher vitamin D intake and lower risk for incident type 2
diabetes. Variations in type of assessment and definitions
of risk categories precluded meta-analyses.

www.annals.org
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Randomized Trials

Eight trials (16-23) reported the effect of vitamin D
supplementation on glycemia (fasting plasma glucose or
hemoglobin A;.) or incident diabetes by self-report (19)
(Appendix Table 2, available at www.annals.org). Three of
the trials were designed for nonglycemic outcomes (16, 18,
19). Study duration varied from 2 months to 7 years, and
dosages ranged from 400 to 5714 IU/d. Two studies gave
vitamin D5 in combination with calcium (18, 19). Only 2
trials were rated good quality (19, 20, 23). Among 5 trials
of participants with normal glucose tolerance at baseline,
vitamin D supplementation had no effect on fasting
plasma glucose level (weighted mean difference [WMD]
for vitamin D supplementation vs. placebo, —0.002 mmol/L
[—0.04 mg/dL] [95% CI, —0.055 to 0.050 mmol/L
{—0.99 t0 0.90 mg/dL}]) (16, 18-21, 23) or incident di-
abetes (19). In a subgroup analysis of participants with
impaired fasting glucose at baseline, combined vitamin D5
(700 IU/d) and calcium carbonate (500 mg/d) supplemen-
tation attenuated the increase in fasting glycemia that nor-
mally occurs over time in this population (18). In 2 trials
of participants with stable type 2 diabetes (17, 22), glyce-
mic measures did not change after 8 or 24 weeks of vita-
min D supplementation.

Vitamin D and Hypertension
Longitudinal Observational Cohort Studies

Three studies (24-26) reported data from 4 cohorts
on the association between vitamin D status and risk for
incident hypertension (Appendix Table 1, available at www
.annals.org). The studies included 32 181 participants
(98% white) with follow-up of 7 to 10 years. One study
(26) assessed vitamin D status by self-reported vitamin D
intake and the others (24, 25) measured 25(OH)D con-
centration. In all studies, hypertension was ascertained by
validated self-report without actual measurement of blood
pressure; we therefore graded them as fair quality. All stud-
ies reported multivariate-adjusted results.

Among 3 cohorts, 2 (1 of men [25] and 1 of women
[24]) found a statistically significant association between
lower 25(OH)D concentration and higher risk for incident
hypertension after 7 or 8 years, whereas the third (25)
reported an association in the same direction in women
that was not statistically significant at 8 years. In 1 study
(25), the association was reported to be stronger after 4
years of follow-up than after 8 years in both men (4-year
RR, 6.13 [CI, 1.00 to 37.8] vs. 8-year RR, 3.53 [CI, 1.02
to 12.3]) and women (4-year RR, 2.67 [CI, 1.05 to 6.79]
vs. 8-year RR, 1.70 [CI, 0.92 to 3.16]). Meta-analyses of
these 3 cohorts (24, 25) found a statistically significant
association between 25(OH)D concentration and incident
hypertension after 7 to 8 years (RR, 1.76 [CI, 1.27 to
2.44]) when we compared results in the lowest concentra-
tion category (<37 to 51 nmol/L) with those in the high-
est (>75 to 81 nmol/L) (Figure 1, r9p), with no heteroge-
neity among studies (P = 0%).
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Figure 1. Association between vitamin D status and incident
hypertension or cardiovascular disease in longitudinal
observational cohorts.
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hydroxyvitamin D; HPFS = Health Professionals Follow-up Study;
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Top. Association between vitamin D status and incident hypertension.
The diamond represents the meta-analysis summary relative risk and
95% CI for the lowest quantiles (black circles) versus the highest czluantiles
(on the reference line); relative risk, 1.76 (CI, 1.27 to 2.44); I = 0%.
Bottom. Association between vitamin D status and cardiovascular dis-
ease. Data from Marniemi and colleagues (34) were not included because
the quantiles were not defined.

* Estimate from reported data; no CI data were available.

T To make studies graphically comparable, we converted data to provide
estimates of relative risks if the lowest quintile was the reference group.
The original study (40) used the highest quintile as the reference group.
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One study evaluated the association between vitamin
D intake and incident hypertension (26). A statistically
significant trend across quintiles of dietary vitamin D in-
take was reported (2 = 0.02); however, the direction of the
adjusted RRs had no consistency across quintiles, and all
were close to 1.0 (range, 0.95 to 1.04). The investigators
found no association with supplemental vitamin D.

Randomized Trials

Ten trials (17, 20, 22, 27-33), 3 of good quality (20,
27, 32), 5 of fair quality (17, 22, 28-30), and 2 of poor
quality (31, 33), reported the effect of vitamin D supple-
mentation on blood pressure or incident hypertension (Ap-
pendix Table 2, available at www.annals.org). Vitamin D
was given either alone (17, 20, 22, 27-32) or in combina-
tion with calcium (30-32) at dosages equivalent to 400 to
8571 IU/d. Eight studies used D5 (27-32), and 1 used D,
(17). Another trial compared ultraviolet B (UV-B) expo-
sure (which increases cutaneous synthesis of vitamin D)
with ultraviolet A (UV-A) exposure (which does not) (33).
Follow-up varied from 5 to 52 weeks in most studies and
was 7 years in the Women’s Health Initiative trial (32).
The total number of participants was 37 162, with the
Women’s Health Initiative trial contributing 36 282 par-
ticipants. The study populations were heterogeneous and
included healthy participants (32) and participants with
established hypertension (33), heart failure (28), type 2
diabetes (17, 22), and overweight or obesity (20, 29).

Most trials found no statistically significant effects on
either systolic or diastolic blood pressure. Two trials re-
ported that vitamin D supplementation had relatively large
net effects on systolic blood pressure of —7 mm Hg (30)
and —14 mm Hg (17). The wial that compared UV-B
with UV-A exposure (33) also reported a large net effect on
systolic blood pressure (—6 mm Hg) that favored UV-B,
but it was unclear whether the net effect was statistically
significant. This study was the only one that found a large
net difference in diastolic blood pressure with UV-B expo-
sure.

In the largest and longest trial, the Women’s Health
Initiative (32), combined low-dose vitamin D5 (400 IU/d)
and calcium carbonate supplementation (1000 mg/d) had
no effect on self-reported incident hypertension after 7
years of follow-up. In subgroup analyses from this trial,
supplementation increased the risk for incident hyperten-
sion among black participants (RR, 1.2 [CI, 1.0 to 1.4)
(32). A meta-analysis of all trials showed no significant
effect of vitamin D supplementation on systolic blood
pressure compared with placebo (WMD, —1.9 mm Hg
[CI, —4.2 to 0.4 mm Hg]) (Figure 2, r0p), but with sig-
nificant heterogeneity (7 = 69%) and no significant effect
on diastolic blood pressure (WMD, —0.1 mm Hg [CI,
—0.7 to 0.5]; * = 23%) (Figure 2, bottom). The WMDs
for systolic and diastolic blood pressures were similar when
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we excluded the large, long-term Women’s Health Initia-
tive trial.

Change in systolic and diastolic blood pressure did not
differ between trials that provided vitamin D alone and
those that provided it in combination with calcium, and
change in systolic blood pressure did not differ between
trials that provided higher (=1000 IU/d) and lower
(<1000 IU/d) vitamin D dosages. Studies that used higher
vitamin D dosages showed a significantly different effect
on diastolic blood pressure (WMD, —1.5 mm Hg) than
those that used lower dosages (0.1 mm Hg; 2 = 0.039).

Vitamin D and Cardiovascular Disease
Longitudinal Observational Cohort Studies

Seven studies (34—-40), 5 of good quality (35-37, 39,
40) and 2 of poor quality (34, 38), analyzed vitamin D
status and cardiovascular end points in 9 different analyses
from 6 cohorts (Appendix Table 1, available at www
.annals.org). The studies included 43 527 participants
(89% white) who were followed from 5 to 27 years for
incident cardiovascular disease. Cardiovascular end points
included myocardial infarction (34, 35), cardiovascular-
related death (37, 38, 40), a composite cardiovascular end
point (36), and stroke (34, 39, 40). All studies measured
25(OH)D concentration, and all reported multivariate-
adjusted results.

Opverall, 5 of the 9 analyses (35-37, 39, 40) found that
lower 25(OH)D concentration was associated with in-
creased risk for incident cardiovascular disease (Figure 1,
bottom, and Appendix Table 1, available at www.annals
.org). The Framingham Offspring Study (36) found an
association between lower 25(OH)D concentration and in-
creased risk for overall cardiovascular events; however, this
association seemed to be nonlinear (somewhat U-shaped)
and subgroup analyses (not shown here) indicated that the
association was statistically significant only among partici-
pants with hypertension at baseline. Among the studies
that evaluated fatal cardiovascular events, 2 of 3 (37, 38,
40) found statistically significant associations that favored
higher vitamin D concentration for all fatal cardiovascular
events (cardiac or stroke), 2 (39, 40) found similar signif-
icant associations with fatal stroke, and 1 (40) found no
significant association with fatal cardiac events. Of the 2
studies that evaluated myocardial infarction (34, 35), only
the analysis in the men-only Health Professionals
Follow-up Study (35) found a significant association be-
tween lower 25(OH)D concentration and increased risk.
We did not perform a meta-analysis because of the hetero-
geneity of outcomes.

Randomized Trials

Four trials (23, 41-44), 3 of fair quality (41, 42, 44)
and 1 of good quality (23, 43), reported the effect of vita-
min D supplementation on incident cardiovascular disease
(Appendix Table 2, available at www.annals.org). None
reported a statistically significant effect of vitamin D sup-
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Figure 2. Meta-analyses of the effect of vitamin D
supplementation on net change in blood pressure.
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plementation (with or without calcium) on various cardio-
vascular outcomes, including myocardial infarction, stroke,
and other cardiac and cerebrovascular outcomes. Study
participants were followed for 1, 5, or 7 years. The Wom-
en’s Health Initiative investigators (23, 43) performed 12
analyses of different cardiovascular outcomes and reported
a nearly significant harmful effect of combined vitamin D
and calcium supplementation on a composite cardiac out-
come that included nonfatal myocardial infarction, death
from coronary heart disease, and need for revascularization
(RR, 1.08 [CI, 0.99 to 1.19]). The interventions and out-
comes were too heterogeneous for meta-analysis.

DiscussioN

Cross-sectional studies have reported consistent associ-
ations between lower 25(OH)D concentration or vitamin
D intake and prevalent cardiometabolic outcomes (1, 45).
In the longitudinal observational studies reviewed here,
lower 25(OH)D concentration or vitamin D intake was
associated with increased risk for incident hypertension
and possibly cardiovascular disease, but the strengths of
these associations were attenuated compared with those
from cross-sectional studies. The evidence from longitudi-
nal studies of type 2 diabetes was sparse. In trials, vitamin
D supplementation had no statistically significant effect on
diastolic or systolic blood pressure or on glycemic or car-
diovascular outcomes. However, evidence suggested that
vitamin D supplementation reduced systolic blood pressure
by a statistically nonsignificant 2 mm Hg. Further data are
needed to adjudicate this observation.

Several plausible mechanisms explain how vitamin D
may modify risk for cardiometabolic outcomes. Vitamin D
may affect various mechanisms related to type 2 diabetes
pathophysiology, including impaired pancreatic B-cell
function and insulin resistance, either directly (by vitamin
D receptor activation) or indirectly (by calcium homeosta-
sis regulation) (1). Regarding cardiovascular outcomes,
vitamin D regulates the renin—angiotensin system (40),
suppresses proliferation of vascular cell smooth muscle
(47), improves insulin resistance (18) and endothelial cell-
dependent vasodilation (48, 49), inhibits anticoagulant ac-
tivity (50) and myocardial cell hypertrophy (51-53), and
may modulate macrophage activity (54) and cytokine gen-
eration (28, 59).

Several possible reasons may explain the lack of appar-
ent concordance among the cross-sectional, longitudinal
observational, and randomized studies. Several factors may
confound the inverse association between vitamin D status
and cardiometabolic outcomes. First, vitamin D status is
an excellent marker of good health, including positive as-
sociations with young age, normal body weight, and a
healthy lifestyle (56) and negative associations with smok-
ing, parental history of myocardial infarction, and alcohol
intake (2, 14, 35). Second, lower vitamin D status may
reflect chronic nonspecific illness. Therefore, the inverse
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association seen in cross-sectional studies may be due to
reverse causation. Third, additional components in foods
rich in vitamin D (such as fish or fortified dairy products)
may directly affect cardiometabolic disease or, alternatively,
foods rich in vitamin D may replace other foods that in-
crease risk for cardiometabolic disease (for example, forti-
fied milk may replace sweetened drinks) (57). Finally, ob-
servational studies have used single measurements of serum
or plasma 25(OH)D concentration as a proxy for vitamin
D status, even though this may not reflect long-term vita-
min D status.

The Women’s Health Initiative, the largest trial on
vitamin D and calcium supplementation to date, reported
no statistically significant effects for all cardiometabolic
outcomes examined. However, this trial used a relatively
small dose of vitamin D (400 IU/d), had difficulties with
adherence over 7 years, and allowed participants in both
intervention groups to receive supplemental vitamin D.
On the basis of dose and adherence, the effect of supple-
mentation on 25(OH)D concentration has been estimated
to be only 5 nmol/L in the Women’s Health Initiative trial
(58)—an increment unlikely to be associated with any
change in risk for cardiometabolic outcomes, according to
observational study data.

The Institute of Medicine is currently reviewing opti-
mal 25(OH)D concentrations. For various skeletal and
nonskeletal outcomes, Bischoff-Ferrari and colleagues (59)
proposed that a 25(OH)D concentration less than 25
nmol/L defines vitamin D deficiency and a concentration
greater 75 nmol/L is associated with improved bone- and
non—bone-related outcomes. In the longitudinal observa-
tional studies, participants with a moderate 25(OH)D con-
centration (62 to 87 nmol/L) had a lower risk for cardio-
metabolic outcomes than those with relatively low levels
(25 to 37 nmol/L). Evidence from several studies (24, 35—
38) suggests an apparent threshold 25(OH)D concentra-
tion of 50 nmol/L beyond which risk for cardiovascular
disease does not decrease further, which indicates that vi-
tamin D deficiency may increase risk but higher 25(OH)D
concentration may not lower risk proportionately. These
data suggest that improving vitamin D status may have a
clinically significant effect on cardiometabolic outcomes
only among those with vitamin D deficiency.

Our review is limited by the quality of the published
studies that we included. In the observational studies, the
outcome was ascertained by self-report or from national
registry data. A positive self-report is generally accurate
in epidemiologic studies (60), and most of the included
studies validated the outcome. However, early-stage cardio-
metabolic outcomes may have been undiagnosed and
therefore not included in the analyses. We also found sub-
stantial heterogeneity among studies, especially in vitamin
D thresholds used, doses analyzed, outcomes specified, and
confounders adjusted for. Of note, not all studies adjusted
for sun exposure. Finally, most study participants were
white and approximately 40 to 70 years of age, which lim-
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its the applicability of our findings to other racial groups
and life stages.

In conclusion, a lower 25(OH)D concentration or vi-
tamin D intake may be associated with higher risk for
incident hypertension and cardiovascular disease, but the
association with diabetes-related outcomes remains un-
clear. As a whole, the trials showed no statistically signifi-
cant effect of vitamin D supplementation on cardiometa-
bolic outcomes. The available data are inadequate to
support the contention that cardiometabolic outcomes can
be improved by increasing vitamin D intake or serum or
plasma 25(OH)D concentrations. Adequate randomized
trials, conducted in well-defined populations (such as per-
sons with prediabetes or prehypertension or white vs. non-
white persons), are needed to test the potential role of
vitamin D in primary prevention or therapy. Vitamin D
remains a promising, although unproven, new element in
the prevention and management of cardiometabolic
disease.
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Appendix Figure. Literature search and selection.

Citations identified in
MEDLINE and Cochrane
Central Register of Controlled
Trials (n = 5739)* (vitamin D
or calcium and cardiovascular

Other articles
identified by
domain experts,
reference lists,
and other sources

outcomes) (n=4)

Citations identified in
MEDLINE and Cochrane
Central Register of Controlled
Trials (n = 2087) (vitamin D
and cardiometabolic
outcomes)

Articles retrieved
for full-text
review (n = 106)t

Excluded (n = 92)
No vitamin D data: 38
No outcomes of interest: 18
Observational study with no
25(0OH)D data: 9
Cross-sectional or
retrospective study: 6

Abstracts Abstracts
excluded excluded
(n =5633) (n =1960)

Articles retrieved
for full-text
review (n = 127)

Excluded (n = 95)
No vitamin D data: 9
No outcomes of interest: 24
Cross-sectional or
retrospective study: 15
Review article: 34
Other: 13

220% patients had chronic
disease: 4

Combination of vitamin D,
calcium, and other
micronutrients: 4

Other: 13

Articles included (n = 32)

Type 2 diabetes
Observational studies: 3
Randomized trials: 8

Hypertension
Observational studies: 3
Randomized trials: 10

Cardiovascular disease
Observation studies: 7
Randomized trials: 4

* We screened 16 733 citations for a wide array of clinical outcomes. The 5739 citations refer to those specifically from the cardiovascular outcomes
search, but we also screened potentially relevant citations from searches for other outcomes for cardiovascular outcomes.

T We retrieved 584 full-text articles for review for a wide array of clinical outcomes. The 106 articles refer to those specifically marked as having a
cardiovascular outcome, but we also screened potentially relevant citations from searches for other outcomes for cardiovascular outcomes.
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