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Abstract Because of its role in maintaining bone
density, vitamin D has long been recognized as critical
to the health of women, a group at disproportionate risk
of osteoporosis. Recent data from epidemiologic and
laboratory studies suggest that vitamin D may also
protect against the development of cardiovascular and
other chronic diseases. Because three quarters of US
women (and men) have suboptimal vitamin D status,
many experts advocate increasing daily recommended
intakes from 200–600 IU to at least 1,000 IU, which
may indeed be a prudent strategy. However, data from
large randomized clinical trials testing sufficiently high
doses of this vitamin for cardiovascular disease preven-
tion—as well as to assess the overall balance of benefits
and risks of such supplementation—are needed.
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Because of its role in maintaining bone density, vitamin D
has long been recognized as critical to the health of women,
who are far more likely to develop osteoporosis than are

men [48]. Recent data suggest that this vitamin may also
help to prevent cancer [11, 19, 34, 37, 47], autoimmune
disorders [3,12], cognitive [6] and physical decline [14],
and—the focus here—cardiovascular disease (CVD).

A direct association between osteoporosis and vascu-
lar disease is well known [25], but reasons for the link
remain unclear. Sex hormones, inflammatory factors, and
other biomarkers do not completely account for the
association [29]. The inverse relation between skeletal
calcification and vascular calcification demonstrated in
rats [56] and humans [9, 29] suggests that calcium
migration from the bone to the blood vessels might be a
key mechanism [25]. Because vitamin D reduces parathy-
roid hormone levels, thus slowing bone resorption and
release of calcium into the bloodstream, this nutrient may
account at least in part for the correlation between bone
and heart health.

In the USA, about three quarters of both women and
men have suboptimal vitamin D levels (serum 25-
hydroxyvitamin D [25(OH)D] <75 nmol/L); however, a
higher percentage of women (~36%) than men (~27%) have
vitamin D insufficiency (25(OH)D <50 nmol/L) [39]. At
particular risk are individuals with little sun exposure
(conversion of 7-dehydrocholesterol in the skin by ultravi-
olet B [UV-B] radiation from sunlight is a major vitamin D
source); blacks (primarly because darker skin synthesizes
vitamin D less efficiently than lighter skin but also because
of low dietary and supplemental intakes [22]); obese
persons (likely because vitamin D is fat soluble and thus
less bioavailable but perhaps also because of low sun
exposure [23]); and those with liver or kidney disease or
fat-absorption disorders such as Crohn’s or celiac disease
[50]. Given rising rates of obesity and sun avoidance in the
USA, low vitamin D status has become increasingly
prevalent in recent years [39].
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Evidence for Vasculoprotective Effect of Vitamin D

Although definitive data from randomized clinical trials of
sufficiently high doses of vitamin D are lacking, recent
epidemiologic investigations have found a strong inverse
relation between vitamin D status and subsequent risk for
cardiovascular events. In a 5-year follow-up of 1,739 women
and men in the Framingham Offspring Study, those with low
serum 25(OH)D (<37.5 nmol/L) were 62% more likely to
develop CVD than other participants [73]. Among >18,000
US male health professionals followed for 10 years, low
25(OH)D (≤37.5 nmol/L), as compared with high 25(OH)D
(≥75), predicted a doubling in coronary heart disease
incidence [18]. In a German cohort of ~3,300 coronary
angiography patients followed for 7.7 years, persons in the
bottom two 25(OH)D quartiles had higher total mortality and
cardiovascular mortality than those in the top quartile [15].
Individuals with 25(OH)D<25 nmol/L were more than twice
as likely to die from heart failure and five times as likely to
experience sudden cardiac death as those with 25(OH)D≥75
[52]. Among >13,000 US adults in the Third National Health
and Nutrition Examination Survey, those in the bottom
25(OH)D quartile (<44.5 nmol/L) were 26% more likely to
die than those in the top quartile (≥80) during a 10-year
follow-up; the relation was apparent only in women but not

men [45]. To date, this study is the only one to report sex-
stratified results.

Ecologic studies show higher cardiovascular mortality
during the winter and in regions with less exposure to UV-B
radiation from sunlight [78]. Clinically, low 25(OH)D has
been observed in patients with vascular calcification [74],
greater carotid intima-media thickness [63], total CVD [31],
myocardial infarction [59], stroke [55], heart failure [77], and
peripheral arterial disease [46]. Available data also support a
benefit for vitamin D on vascular risk factors, including
hypertension [16, 33, 51, 72], impaired glucose tolerance or
type 2 diabetes [38, 44, 53, 54], and inflammation [58, 61,
65, 68], as well as cardiovascular and total mortality in
patients with kidney disease [32, 62, 64].

Laboratory studies also suggest that vitamin D confers
vascular protection. Many cell types, including vascular
smooth muscle cells, endothelial cells, cardiomyocytes,
and immune-system cells, synthesize 1α-hydroxylase—
which converts 25(OH)D to 1,25-dihydroxyvitamin
D [1,25(OH)2D], the natural ligand of the vitamin D recep-
tor (VDR)—or express VDR [10, 54, 60, 76]. As shown in
Fig. 1, 1,25(OH)2D appears to inhibit vascular smooth
muscle cell proliferation [75] and vascular calcification
[40], control volume homeostasis and blood pressure via
regulation of the renin-angiotensin-aldosterone system [35,
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36], and exert anti-inflammatory effects [8, 65, 69]. In
animal studies, administration of 1,25(OH)2D or its
analogs improves insulin sensitivity and secretion [7, 49]
and prevents type 1 diabetes [20, 21, 43], and a lack of
vitamin D action leads to hypertension [36] and heightened
thrombogenicity [1].

In a 2007 meta-analysis of data from 18 randomized
clinical trials of vitamin D supplementation among 57,311
individuals followed for an average of nearly 6 years, the
intervention lowered mortality by a statistically significant
7% [4]. However, most trials tested modest doses (mean
dose, 528 IU/day) and only two had a sufficient number of
cardiovascular events to examine this outcome. A trial that
randomized 2,686 British adults aged 65–85 to 100,000 IU
of vitamin D3 or placebo (one capsule every 4 months) for
up to 5 years reported suggestive though nonsignificant
reductions in CVD incidence and CVD mortality [67]. On
the other hand, the Women’s Health Initiative (WHI), in
which >36,000 postmenopausal women were randomized
to daily calcium (1,000 mg) plus a modest dose of vitamin
D3 (400 IU) or to placebo and followed for a mean of
7 years, found no reduction in coronary heart disease or
stroke risk [28]. However, the intervention was estimated to
raise median plasma 25(OH)D from 42 to only 54 nmol/L
[17, 71]. Higher doses may be required for measurable
health benefits. A recent review of 25(OH)D levels in
relation to multiple health outcomes found that advanta-
geous levels began at 75 nmol/L, and optimal levels ranged
from 90 to 100 [5].

Risks of Vitamin D Supplementation

The above findings notwithstanding, there is a paucity of data
on health effects of 25(OH)D levels above ~90 nmol/L, so it is
unclear whether there would be additional benefit, a neutral
effect, or actual harm with vitamin D supplementation to
achieve higher levels. Too much vitamin D may lead to
hypercalcemia, hyperphosphatemia, vascular calcification,
and kidney stones. Animal studies show a biphasic dose–
response relation between vitamin D and vascular calcifica-
tion, with deleterious effects of very high as well as very low
vitamin D intakes or levels [42, 79]. Furthermore, the WHI
found a significant 17% increase in the risk for kidney stones
even with a modest dose of vitamin D [71]. (Whether this
resulted from concurrent administration of calcium is of
limited relevance from a policy standpoint because many
older women in the USA take calcium-containing supple-
ments [57].) An additional concern—one not yet adequately
addressed in the literature—is that if vitamin D is seques-
tered in fat tissue and thus is not bioavailable, would there be
any risk of vitamin D toxicity with supplementation when
weight is lost (e.g., as a consequence of disease, bariatric

surgery, or other interventions)? More research on these
issues is warranted.

Clinical Guidelines

Current dietary recommendations for US adults call for
daily vitamin D intakes of 200 IU to age 50, 400 IU
between ages 51 and 70, and 600 IU after age 70 [30].
Many experts have argued for increasing these intakes to
at least 1,000 IU [70], which is the dose needed to raise
25(OH)D levels in at least 50% of adults to 75 nmol/L [5].
Sales of vitamin D supplements nearly doubled between
2006 and 2007 (C. Reider, Pharmavite LLC, personal
communication). Nonetheless, as noted above, definitive data
on the balance of benefits and risks of high-dose supplemen-
tation are lacking. To address this knowledge gap, large-scale
randomized trials—initiated before supplement use becomes
so widespread as to preclude recruitment of participants and
testing of hypotheses—are needed [13]. Our research team
has proposed a trial of moderate-to-high-dose vitamin D for
the primary prevention of CVD, cancer, and other chronic
diseases in 20,000 US adults.

The results of future trials will refine clinical guidelines.
Until then, some experts recommend that clinicians
consider testing for low 25(OH)D status in all patients,
especially those who are older, obese, or nonwhite, or who
have low UV-B exposure. Another approach is to counsel
patients that sun exposure for 10 to 15 min twice per week
generally provides a sufficient vitamin D dose, except in
northern states during winter. For patients who prefer to
obtain vitamin D through food or supplements, many
experts recommend a total daily dose of 800 to 1,000 IU.
Vitamin D is found in fatty fish (one serving, 250–360 IU),
cod liver oil (one tablespoon, 1,360 IU), eggs (one yolk,
20 IU), fortified milk (one cup, 100 IU), and fortified
cereals [50] and is also available in multivitamins, some
calcium tablets and osteoporosis medications, and as an
individual supplement. Most experts prefer vitamin D3

(cholecalciferol) to vitamin D2 (ergocalciferol) supplemen-
tation because of its greater efficacy at raising 25(OH)D
levels, longer shelf life, and other physiologic consider-
ations [27]. (However, in contrast to earlier trials [2, 66], a
recent trial [26] found that vitamin D2 was as effective as
vitamin D3 at maintaining 25(OH)D levels.) The current
“safety limit” for vitamin D intake is 2,000 IU/day [30], but
some experts have proposed that daily doses of up to
10,000 IU carry little toxicity risk [24]. Indeed, for patients
with clear deficiency (25(OH)D<25 nmol/L), many clini-
cians administer 50,000 IU of vitamin D once weekly for
8 weeks and every 2 weeks thereafter until 25(OH)D levels
are no longer inadequate or recommend maintenance doses
of 800–1,000 IU/day to achieve a healthful vitamin D
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status. Additional research is required to clarify the relative
advantages and disadvantages of high-dose vitamin D
supplementation.
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