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Abstract
Background—Vitamin D may modify risk of cardiometabolic outcomes (type 2 diabetes,
hypertension, or cardiovascular disease).

Purpose—Examine the association of vitamin D status and the effect of vitamin D
supplementation on cardiometabolic outcomes in generally healthy adults.

Data Sources—English-language studies in MEDLINE (inception to 4 November 2009) and the
Cochrane Clinical Trials Register (4th quarter of 2009).

Study Selection—Eleven reviewers screened citations to identify longitudinal cohort studies
reporting associations of vitamin D status and randomized trials of vitamin D supplementation on
cardiometabolic outcomes.

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

Data Synthesis—Thirteen observational studies (14 cohorts) and 18 trials were eligible. Three
of 6 analyses (from 4 different cohorts) reported a lower incident diabetes risk in highest versus
lowest vitamin D status groups. Seven trials found no effect of vitamin D supplementation on
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glycemia or incident diabetes. By meta-analysis of 3 cohorts, lower 25-hydroxyvitamin D
concentration was associated with incident hypertension (relative risk 1.8; 95% confidence
interval [CI] 1.3, 2.4). By meta-analyses of 10 trials, supplementation nonsignificantly reduced
systolic blood pressure (weighted mean difference [WMD] −1.9; 95% CI −4.2, 0.4 mm Hg) and
did not affect diastolic blood pressure (WMD −0.1; 95% CI −0.7, 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 whites. Observational studies were heterogeneous.
Several trials reported post hoc analyses.

Conclusions—An association between vitamin D status and cardiometabolic outcomes is
uncertain. Trials showed no clinically significant effect of vitamin D supplementation at doses
given.

Keywords
Vitamin D; diabetes mellitus; hypertension; cardiovascular disease; systematic review; meta-
analysis

Increasing evidence suggests that vitamin D may have an important role in modifying risk of
cardiometabolic outcomes, including type 2 diabetes, hypertension, and cardiovascular
disease (1, 2). Most studies that have shown an association between lower vitamin D status
and increased risk of cardiometabolic outcomes, however, are cross-sectional, limiting the
strength of their conclusions. Ecological studies have also reported higher rates of diabetes,
hypertension and coronary heart disease with increasing distance from the equator,
suggesting a possible association with vitamin D insufficiency in regions with less sun
exposure (3–5).

Recently, a large number of longitudinal observational studies and trials have been
published on the relationship between vitamin D and cardiometabolic outcomes. To
determine the potential role of vitamin D in cardiometabolic outcomes, we performed a
systematic review of longitudinal observational studies of vitamin D status and randomized
controlled trials of vitamin D supplementation on cardiometabolic outcomes.

METHODS
This paper comprises an expansion of an evidence report commissioned 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. This report includes
an additional focused systematic review to include cardiometabolic outcomes related to type
2 diabetes. A standard protocol was developed and followed for the overall review.

Data Sources and Study Selection
We conducted two independent searches of MEDLINE (inception to 4 November 2009) and
the Cochrane Central database (4th quarter of 2009, last searched 4 November 2009). Each
search included longitudinal observational studies of vitamin D status and randomized
controlled trials of vitamin D supplementation (cholecalciferol [D3] or ergocalciferol [D2]
with or without calcium) in adults.

The broad systematic review for the AHRQ evidence report identified longitudinal
observational studies where vitamin D status was assessed by plasma or serum 25-
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hydroxyvitamin D (25(OH)D) concentration. This literature search was last conducted on 30
April 2009. It included the cardiometabolic outcomes: incident hypertension, incident
cardiovascular disease, and (in trials only) change in blood pressure. Only generally healthy
populations were included (<20% of study participants had major chronic diseases such as
diabetes, cancer, or cardiovascular disease at baseline). The search also included studies of
calcium intake alone, which are not reported here.

The focused literature search also included studies where vitamin D status was assessed by
self-reported vitamin D intake or 25(OH)D score predicted from self-reported data; studies
with diabetes-related outcomes: incident type 2 diabetes and (in trials only) change in
glycemia (fasting plasma glucose, 2-hour glucose after oral glucose tolerance test or
hemoglobin A1c); and all adult populations regardless of baseline disease (exceptions
described below). This literature search was last conducted on 4 November 2009

The searches combined terms for vitamin D, hypertension and cardiovascular disease (both
searches) and diabetes mellitus (focused search) and were restricted to English language
publications. Additional studies were sought in personal reference lists and citation sections
of recovered articles. We excluded cross-sectional or retrospective cohort studies, standard
case-control studies, and short-term (<1 month) randomized trials. We included nested case-
control studies where data on vitamin D status were collected prior to outcome assessment.
We excluded studies on type 1 diabetes because of its different pathophysiology, studies in
children, pregnant women, and patients with conditions that affect vitamin D metabolism
(e.g., chronic kidney disease, hyperparathyroidism) and trials that used a vitamin D
preparation other than D3 or D2, or non-oral vitamin D administration.

The two literature searches were screened independently. For the broad systematic review,
10 investigators performed single screening of search results for outcomes of interest (see
acknowledgments). For the focused systematic review, one additional investigator screened
all abstracts. Results from the two independent searches were combined if studies met the
specific criteria for the focused systematic review on cardiometabolic outcomes (type 2
diabetes, hypertension, and cardiovascular disease). Discrepancies were resolved by
consensus in group conference.

Data Extraction and Quality Assessment—Data from each study were extracted
independently by one of five investigators and confirmed by at least one other. The extracted
data included: study design; participant characteristics; longest reported follow-up period;
method of assessing vitamin D status or details of vitamin D supplementation; association
between vitamin D status or supplementation and outcome; potential confounding variables
adjusted for, with particular emphasis on age, race, weight, and variables related to sun
exposure (e.g. season, location); method of ascertaining cardiometabolic outcome, and
statistical analyses.

We assessed the methodological quality of each study based on predefined criteria, in
accordance with AHRQ’s suggested methods for systematic reviews (7). Study quality was
determined by the primary data extractor and confirmed by at least one other reviewer. Good
quality studies adhere most closely to the commonly held concepts of high quality including
clear descriptions of the population and setting; unbiased assessments of vitamin D status
and outcomes; appropriate statistical analysis including multivariable analysis adjusting for
age, race, weight, and sun exposure; no obvious reporting omissions or errors; and <20%
dropouts. Fair quality studies have some deficiencies in the above criteria unlikely to cause
major bias. Poor quality studies have major deficiencies such that major bias could not be
excluded. We considered factors in the STROBE statement for observational studies (8),
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nutrition-specific items from a critical appraisal of micronutrient systematic reviews (9), and
the CONSORT statement for reporting clinical trials (10).

Data Synthesis and Analysis—We performed random effects model meta-analyses
when similar data from three or more observational cohorts or trials were available (11). For
observational studies, we synthesized relative risks (RR) (or hazard or odds ratios)
comparing the extreme categories of vitamin D status (highest vs. lowest, as defined within
each study) provided that the categories corresponded to similar levels of vitamin D intake
or 25(OH)D concentration across studies. For randomized trials, we combined net
differences for continuous outcomes and RR for dichotomous outcomes. We tested between-
study heterogeneity with the Q statistic (significant when p<0.10) and quantified its extent
with I2 (12).

Role of the Funding Source
The funding sources (National Institute of Diabetes and Digestive and Kidney Disease, the
NIH Office of Dietary Supplements, 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 decision to submit the manuscript for publication, with the exception that AHRQ
participated in formulating the study questions for the evidence report (6).

RESULTS
Search Results

The two independent searches identified 5,739 and 2,087 abstracts. For the broad search 106
articles were retrieved for full-text review and for the focused search 127 articles were
retrieved. From both searches combined, 32 studies qualified. Reasons for exclusion are
shown in the Appendix Figure available at www.annals.org.

Vitamin D and Type 2 Diabetes
Longitudinal observational cohort studies—Three studies with four cohorts reported
the association between vitamin D status and risk of 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 studies assessed vitamin D status by self-
reported total vitamin D intake (13, 14) and were rated fair quality; the other study measured
serum 25(OH)D concentration (15) and was rated good quality. Ascertainment of type 2
diabetes was by validated self-report in two studies (13, 14) and by national registry-based
data in the third (15). Two studies reported multivariable adjusted results; one adjusted only
for age (13).

In two analyzed groups of men in one article (15), the association between higher vitamin D
status and lower risk of incident type 2 diabetes was statistically significant in one (Mini-
Finland Health Survey cohort) and nearly statistically significant in the other (Finnish
Mobile Clinic Health Examination Survey). In three of four analyzed groups of women there
was no association (14, 15). Only the Women’s Health Study cohort found an association
between higher vitamin D status and lower risk of incident type 2 diabetes (13). The variable
predictors analyzed (type of assessment and definitions of risk categories) precluded meta-
analyses.

Randomized trials—Seven trials reported the effect of vitamin Dsupplementation on
glycemia (fasting plasma glucose or hemoglobin A1c) (16–23) or incident diabetes by self-
report (19) (Appendix Table 2 available at www.annals.org). Three of the trials were
designed for non-glycemic outcomes (16, 18, 19). Study duration varied from 2 months to 7

Pittas et al. Page 4

Ann Intern Med. Author manuscript; available in PMC 2011 November 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



years and doses ranged from 400 to 5714 IU/day. Two studies gave vitamin D3 in
combination with calcium (18, 19). Only two trials were rated good quality (19, 20, 23).
Among five trials of participants with normal glucose tolerance at baseline, vitamin D
supplementation had no effect on fasting plasma glucose (weighted mean difference −0.002
mmol/L; 95% CI −0.055, 0.050 for vitamin D supplementation versus placebo) (16, 18–21,
23) or incident diabetes (19). In a subgroup analysis of participants with impaired fasting
glucose at baseline, combined vitamin D3 (700 IU/day) and calcium carbonate (500 mg/day)
supplementation attenuated the increase in fasting glycemia that occurs over time in this
population (Pittas et al. (18)). In two trials of participants with stable type 2 diabetes,
glycemic measures did not change after 8 or 24 weeks of vitamin D supplementation (17,
22).

Vitamin D and Hypertension
Longitudinal observational cohort studies—Three studies reported data from four
cohorts on the association between vitamin D status and risk of incident hypertension (24–
26) (Appendix Table 1). The studies included 32,181 participants (98% white) with follow-
up between 7 and 10 years. One study assessed vitamin D status by self-reported vitamin D
intake (26); the other two measured 25(OH)D concentration (24, 25). In all studies,
ascertainment of hypertension was by validated self-report, without actual measurement of
blood pressure; therefore all were graded fair quality. All studies reported multivariable
adjusted results.

Among three cohorts, two (one of men (25), one of women (24)) found a statistically
significant association between lower 25(OH)D concentration and higher risk of incident
hypertension after 7 or 8 years, while the third (25) reported an association in the same
direction in women, which was not statistically significant at 8 years. In one study, the
association was reported to be stronger for men and women after 4 compared to 8 years of
follow-up (RR 6.13; 95% CI 1.00, 37.8 (4 y); 3.53; 95% CI 1.02, 12.3 (8 y) in men; RR
2.67; 95% CI 1.05, 6.79 (4 y); 1.70; 95% CI 0.92, 3.16 (8 y) in women) (25). Meta-analyses
of these three cohorts (24, 25) found a statistically significant association comparing the
lowest (<37–51 nmol/L [<15–21 ng/mL]) versus the highest (>75–81 nmol/L [>30–32 ng/
mL]) category of 25(OH)D and incident hypertension after 7 to 8 years (RR=1.76; 95% CI
1.27, 2.44; Figure 1A) without heterogeneity among studies (I2=0%).

One study evaluated the association between vitamin D intake and incident hypertension
(26). A statistically significant trend across quintiles of dietary vitamin D intake was
reported (P=0.02); however, there was no consistency in the direction of the adjusted RRs
across quintiles and all were close to 1.0 (0.95 to 1.04). No association was found with
supplemental vitamin D.

Randomized trials—Nine trials reported the effect of vitamin D supplementation on
blood pressure (17, 20, 22, 33–38) or incident hypertension (38) (Appendix Table 2).
Vitamin D was given either alone (17, 20, 22, 33–38) or in combination with calcium (36–
38) at doses equivalent to 400 to 8571 IU/day. Eight studies used D3 (33–38) and one D2
(17). Another trial compared UV-B (which increases cutaneous synthesis of vitamin D) with
UV-A exposure (which does not) (39). Follow-up varied from 5 to 52 weeks in most studies
and was 7 years in the Women’s Health Initiative trial (38). The total number of participants
was 37,162, with the Women’s Health Initiative trial contributing 36,282 participants. The
study populations were heterogeneous, including healthy participants (38), participants with
established hypertension (39), heart failure (34), type 2 diabetes (17, 22) or overweight/
obesity (20, 35). Three trials were rated good (20, 33, 38), five fair (17, 22, 34–36) and two
poor quality (37, 39).
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Most trials found no statistically significant effects on either systolic or diastolic blood
pressure. Two trials reported relatively large net effects of vitamin D supplementation on
systolic blood pressure, −7 mm Hg (Pfeifer et al (36)) and −14 mm Hg (Sugden et al (17)).
The trial that compared UV-B with UV-A exposure also reported a large net effect on
systolic blood pressure favoring UV-B (−6 mm Hg), but it was not clear whether the net
effect was statistically significant (Krause et al (39)). The latter study was the only one that
found a large net difference in diastolic blood pressure with UV-B exposure (39). In the
largest and longest duration trial, the Women’s Health Initiative, combined low-dose
vitamin D3 (400 IU/day) and calcium carbonate supplementation (1000 mg/day) had no
effect on self-reported incident hypertension after 7 years of follow-up (38). In subgroup
analyses from this trial, supplementation increased the risk of incident hypertension among
blacks (RR 1.2; 95% CI 1.0, 1.4) (38). In meta-analysis of all trials, there was no statistically
significant effect of vitamin D supplementation versus placebo on systolic blood pressure
(weighted mean difference −1.9 mm Hg; 95% CI −4.2, 0.4; Figure 2A), but with significant
heterogeneity (I2 = 69%) or on diastolic blood pressure (weighted mean difference −0.1 mm
Hg; 95% CI −0.7, 0.5; I2 = 23%; Figure 2B). Excluding the large, long-term Women’s
Health Initiative trial, the weighted mean differences for systolic and diastolic blood
pressures were similar. There was no difference in systolic or diastolic blood pressure
change in trials that provided vitamin D alone or in combination with calcium, or in changes
in systolic blood pressure in trials that provided higher (≥1000 IU/day) versus lower (<1000
IU/day) dose of vitamin D. Studies using higher dose vitamin D had a statistically
significant different effect on diastolic blood pressure (weighted mean difference −1.0 mm
Hg) than studies using lower dose (1.0 mm Hg; P=0.039)

Vitamin D and Cardiovascular Disease
Longitudinal observational cohort studies—Seven studies analyzed vitamin D status
and cardiovascular endpoints in nine different analyses from six cohorts (27–32, 40)
(Appendix Table 1). The studies included 43,527 participants (89% white) who were
followed from 5 to 27 years for incident cardiovascular disease. Cardiovascular endpoints
included myocardial infarction (27, 32), cardiovascular-related mortality (28–30), a
composite cardiovascular endpoint (40), and stroke (30–32). All studies measured 25(OH)D
concentration and all reported multivariable adjusted results. Five studies were rated as good
(27, 28, 30, 31, 40) and 2 poor quality (29, 32).

Overall, five of the nine analyses found that lower 25(OH)D concentration was associated
with increased risk of incident cardiovascular disease (27, 28, 30, 31, 40) Figure 1B,
Appendix Table 1). The Framingham Offspring Study found an association between lower
25(OH)D concentration and increased risk of overall cardiovascular events (40); however
the association appeared to be nonlinear (somewhat U-shaped) and in subgroups analyses
(not shown here) the association was statistically significant only among participants with
hypertension at baseline. Among the studies that evaluated fatal cardiovascular events, two
of three (28–30) found statistically significant associations for all fatal cardiovascular events
(cardiac or stroke), favoring higher vitamin D status; two (30, 31) found similar significant
associations with fatal stroke; and one (30) found no significant association with fatal
cardiac events. Among the two studies that evaluated myocardial infarction (27, 32), only
the analysis in the Health Professionals Follow-up Study (men only) (27) found a significant
association between lower 25(OH)D concentration and increased risk. Because of the
heterogeneity of outcomes, meta-analyses were not performed.

Randomized trials—Four trials (in 5 articles) reported the effect of vitamin D
supplementation on incident cardiovascular disease (Appendix Table 2) (23, 41, 42, 43, 44).
Three trials were rated fair quality (41, 42, 44) and one good quality (23, 43). None reported
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a statistically significant effect of vitamin D supplementation (with or without calcium) on
various cardiovascular outcomes, including myocardial infarction, stroke, and other cardiac
and cerebrovascular outcomes. Study participants were followed for 1, 5, or 7 years. The
Women’s Health Initiative trial performed 12 analyses of different cardiovascular outcomes
(23, 43), and reported a near statistically significant harmful effect with combined vitamin D
and calcium supplementation on one composite cardiac outcome that included non-fatal
myocardial infarction, coronary heart disease death or need for revascularization (RR 1.08;
95% CI 0.99, 1.19). The interventions and outcomes were too heterogeneous to perform
meta-analysis.

DISCUSSION
Cross-sectional studies have reported consistent associations between lower vitamin D status
and prevalent cardiometabolic outcomes (1, 45). In longitudinal observational studies,
reviewed here, lower vitamin D status was associated with increased risk of incident
hypertension and possibly cardiovascular disease, but the strengths of associations were
attenuated compared to cross-sectional studies. The evidence from longitudinal studies of
type 2 diabetes was sparse. In trials, there was no statistically significant effect of vitamin D
supplementation on diastolic or systolic blood pressure, glycemic, or cardiovascular
outcomes. However, there was a suggestion of lower systolic blood pressure (by 2 mm Hg,
statistically nonsignificant) with vitamin D supplement use. Further data are necessary to
adjudicate this observation.

There are several plausible mechanisms of how vitamin D may modify risk of
cardiometabolic outcomes. Vitamin D may have direct (via vitamin D receptor activation)
and indirect (via calcium homeostasis regulation) effects on various mechanisms related to
type 2 diabetes pathophysiology, including impaired pancreatic beta cell function and
insulin resistance (1). Regarding cardiovascular outcomes, vitamin D regulates the renin-
angiotensin system (46), suppresses proliferation of vascular cell smooth muscle (47),
ameliorates insulin resistance (18) improves endothelial cell-dependent vasodilation (48,
49), inhibits anticoagulant activity (50) and myocardial cell hypertrophy (51–53), and may
modulate macrophage activity (54) and cytokine generation (34, 55).

Several possible reasons may explain the lack of apparent concordance between the cross-
sectional, longitudinal observational, and randomized studies. The inverse association
between vitamin D status and cardiometabolic outcomes may be confounded by a variety of
factors. First, vitamin D status is an excellent marker of good health, including positive
associations with young age, normal body weight, and a healthy lifestyle (56) and negative
associations with smoking, parental history of myocardial infarction, and alcohol intake (2,
14, 27). Second, lower vitamin D status may reflect chronic non-specific illness. Therefore,
the inverse association seen in cross-sectional studies may be due to reverse causation.
Third, additional components in foods rich in vitamin D (e.g., fish or fortified dairy
products) may have direct effects on cardiometabolic disease or, alternatively, foods rich in
vitamin D may replace other foods that increase risk of cardiometabolic disease (e.g.,
fortified milk replacing sweetened drinks) (57). Finally, observational studies have used
single measurements of serum or plasma 25(OH)D as a proxy of vitamin D status, which
may not reflect long-term vitamin D status.

The Women’s Health Initiative, which is 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/
day), had difficulties with compliance over 7 years, and allowed participants in both
intervention groups to take supplemental vitamin D. Based on dose and compliance, the
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effect of supplementation on 25(OH)D concentration in the Women’s Health Initiative trial
has been estimated it to be only 5 nmol/L (58), an increment very unlikely to be associated
with any change in risk of cardiometabolic outcomes based on data from the observational
studies.

The optimal 25(OH)D concentration is currently under review by the Institute of Medicine.
For a variety of skeletal and non-skeletal outcomes, it has been proposed that 25(OH)D
concentration <25 nmol/L defines vitamin D deficiency, while a level >75 nmol/L is
associated with improved bone and non-bone related outcomes (59). In the longitudinal
observational studies, any decreased risk of cardiometabolic outcomes was seen only among
those with a moderate 25(OH)D concentration (62–87 nmol/L) compared to those with
relatively low levels (25–37 nmol/L). In several studies, an apparent threshold was seen
where risk of cardiovascular disease did not decrease further with 25(OH)D concentration
>50 nmol/L (24, 27–29, 40), indicating that vitamin D deficiency may increase risk but
higher 25(OH)D concentration may not necessarily lower risk proportionately. These data
suggest that clinically significant effects of improving vitamin D status on cardiometabolic
outcomes may be seen only among those with vitamin D deficiency. Higher levels of
25(OH)D concentration (>250 nmol/L) have been recommended by some to optimize
outcomes; however, there is a complete lack of longitudinal data (observational or trials) to
support such a recommendation.

Our study has certain limitations based on the quality of the published studies included in
the review. In the observational studies, the outcome was ascertained by self-report or from
national registry data. A positive self-report is generally quite accurate in epidemiologic
studies (60) and most of the included studies validated the outcome. However, early-stage
cardiometabolic outcomes may have been undiagnosed and therefore missed and not
included in the analyses. There was also substantial heterogeneity among studies, especially
in vitamin D thresholds or doses analyzed, specific outcomes, and confounders adjusted for.
Importantly, not all studies adjusted for sun exposure. Finally, study participants were
mostly whites aged approximately 40 to 70 years old, thus limiting the applicability to other
racial groups and life stages.

In conclusion, a lower vitamin D status was possibly associated with higher risk of incident
hypertension and cardiovascular disease, but the association with diabetes-related outcomes
remains unclear. As a whole, trials showed no statistically significant effect of vitamin D
supplementation on cardiometabolic outcomes. The available data are inadequate to support
the contention that cardiometabolic outcomes can be improved by raising vitamin D intake
or serum or plasma 25(OH)D concentrations. It is therefore imperative that adequate
randomized trials are conducted in well-defined populations (e.g. pre-diabetes, pre-
hypertension, whites vs. non-whites) to test the potential role of vitamin D in primary
prevention or therapy. Vitamin D remains a promising, though unproven, new element in the
prevention and management of cardiometabolic disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Association between vitamin D status and incident hypertension (Figure 1A) and
cardiovascular disease (Figure 1B) in longitudinal observational cohorts.
25(OH)D, 25-hydroxyvitamin D; FOS, Framingham Follow-up Study; HPFS, Health
Professionals Follow-up Study; LURIC, Ludwigshafen Risk and Cardiovascular Health;
MFHS, Mini-Finland Health Survey; NHANES III, Third National Health and Nutrition
Examination Survey; NHS, Nurses Health Study; NHS-2, Nurses Health Study-2.
To convert 25(OH)D concentration from nmol/L to ng/mL divide by 2.459.
Relative risks (and 95% confidence intervals) of each quantile of 25(OH)D concentration
compared to the highest concentration quantile for studies with incident hypertension (1A)
and cardiovascular events (1B) outcomes. In figure 1A, the diamond represents the meta-
analysis summary relative risk and 95% confidence interval for the lowest quantiles (black
circles) compared to the highest quantiles (on the reference line); Relative risk=1.76; 95%
CI 1.27, 2.44; I2=0%. Figure 1B does not include data from Marniemi et al. (32) because the
quantiles were not defined. Solid lines in Figure 1B indicate that trends were statistically
significant; dashed lines that trends were not statistically significant.
* Estimate from reported data; no confidence interval data available.
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† To make studies graphically comparable, data were converted to provide estimates of
relative risks if the lowest quintile were the reference group. The original study (Kilkkinen
et al. (30)) used the highest quintile as the reference group.
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Figure 2.
Meta-analyses of the effect of vitamin D supplementation on net change in systolic (2A) and
diastolic (2B) blood pressure.
WHI, Women’s Health Initiative trial.
Weighted mean difference and 95% confidence intervals in change in systolic (Figure 2A)
and diastolic (Figure 2B) blood pressure for vitamin D supplementation versus placebo. The
studies are arranged along the vertical axis according to the baseline blood pressure. The
circle sizes are proportional to the study size. The black diamond represents the primary
meta-analyses. Grey diamonds represent sensitivity and subgroup analyses. Dashed lines
indicate studies for which standard errors were not reported; see footnotes.
* (Krause (39)) An estimate for the 95% confidence interval was derived from the reported
full ranges of changes in blood pressure.
† (Margolis (WHI) (38)) The 95% confidence interval is within the circle.
‡ (Schleithoff (34)) An estimate for the 95% confidence interval was derived from the
reported interquartile ranges of changes in blood pressure.
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