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ABSTRACT

Background: Although studies have linked vitamin D deficiency to
an increased risk of cardiovascular disease (CVD), evidence regard-
ing whether vitamin D intake from foods or supplements is pro-
spectively associated with lower CVD risk in healthy humans is
limited and inconclusive.

Objective: The objective was to comprehensively evaluate the as-
sociations between both dietary and supplemental vitamin D and
CVD risk.

Design: In the Nurses’ Health Study (1984-2006) and the Health
Professionals Follow-Up Study (1986-2006)—consisting of 74,272
women and 44,592 men, respectively, who were free of CVD and
cancer at baseline—we prospectively examined the association be-
tween vitamin D intake and incident CVD.

Results: Over a total of 2,280,324 person-years of follow-up, we
identified 9886 incident cases of coronary heart disease and stroke.
After multivariate adjustment for age and other CVD risk factors,
a higher total vitamin D intake (from foods and supplements) was
associated with a decreased risk of CVD in men but not in women;
the relative risks (95% Cls) for a comparison of participants who
met the Dietary Reference Intake of vitamin D (>600 IU/d) with
participants whose vitamin D intake was <100 IU/d were 0.84
(0.72, 0.97; P for trend = 0.009) for men and 1.02 (0.89, 1.17; P
for trend = 0.12) for women.

Conclusions: These observations suggest that a higher intake of
vitamin D is associated with a lower risk of CVD in men but not
in women. Further research is needed to confirm these findings and
to elucidate a biological basis for potential sex differences. Am
J Clin Nutr 2011;94:534-42.

INTRODUCTION

Vitamin D is a fat-soluble vitamin that plays an essential role in
calcium homeostasis and the maintenance of normal function in
multiple tissues (1). Humans obtain vitamin D primarily through
exposure to solar ultraviolet B radiation; however, for persons who
avoid sunlight exposure, live in high-latitude areas, or have dark
skin, dietary or supplemental vitamin D becomes essential for
maintaining optimal vitamin D concentrations. Meaningful amounts
of vitamin D are present in a limited number of foods, such as
fatty fish and fortified dairy products and cereals (2). Multi-
vitamins that contains vitamin D or vitamin D—specific supple-
ments are also used by many individuals. Vitamin D deficiency
develops when sun exposure and dietary intake of vitamin D are
inadequate. In fact, possible vitamin D insufficiency (defined as
serum 25-hydroxyvitamin D [25(OH)D] <50 nmol/L) has been

identified as a worldwide health issue (2). In the United States,
on average, >30% of women and >20% of men had serum
25(OH)D concentrations <50 nmol/L. (3). Moreover, mean se-
rum 25(OH)D concentrations appear to have decreased over
time in the US population, and such a decrease has been attributed
to decreased sun exposure and milk consumption and an increased
prevalence of obesity (3). Mounting evidence has linked vitamin D
deficiency with multiple conditions beyond bone health, including
cancer, diabetes, hypertension, and infections (2, 4-6).

An association between suboptimal 25(OH)D concentrations
and an increased risk of CVD has also been supported by data from
both ecological and prospective human studies (7—13). In contrast,
whether vitamin D intake or supplementation is associated with
CVD risk is inconclusive. In a large cohort of healthy post-
menopausal women, vitamin D intake was not associated with
CHD (14). Two small prospective studies conducted in apparently
healthy men and women yielded inconsistent results (15, 16).
Likewise, the Women’s Health Initiative (WHI) clinical trial found
no protective effects of vitamin D supplementation (400 IU/d) on
CVD events in postmenopausal women (17). In contrast, a sys-
tematic review identified consistent associations between active
vitamin D treatment (either oral or injectable vitamin D) and
a reduced risk of CVD in patients receiving dialysis who were
vitamin D deficient (18), although the extrapolation of these results
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to the general populations is questionable. Fewer studies have been
conducted to prospectively examine this association in men or the
dose-response relation for vitamin D intake and CVD risk. We
therefore used data from 2 large prospective cohort studies of US
men and women with >20 y of follow-up to comprehensively
evaluate the associations between both dietary and supplemental
vitamin D and CVD risk.

SUBJECTS AND METHODS

Study populations

The Nurses’ Health Study (NHS) was established in 1976 when
121,700 female registered nurses were enrolled from 11 states and
completed a comprehensive questionnaire inquiring about lifestyle
practices and medical history that were updated biennially with the
use of similar but expanded follow-up questionnaires since base-
line. The Health Professionals Follow-Up Study (HPFS) consisted
of 51,529 US male health professionals who were enrolled in 1986.
At baseline and thereafter, information on lifestyle and medical
history was obtained and updated every 2 y. In both cohorts, the
response rate was >94%.

Assessment of vitamin D intake

In 1980, a 61-item semiquantitative food-frequency question-
naire (FFQ) was sent to NHS participants to assess their usual diet
in the previous year. In 1984 and every 2—4 y thereafter, an ex-
panded FFQ containing 116-130 food items was sent to the NHS
participants to update their usual diet. Similarly, in the HPFS,
dietary information was assessed quadrennially by using the ex-
panded FFQs since 1986. To derive vitamin D intake from re-
sponses to the FFQs, we multiplied the frequency of consumption
of each food by the vitamin D composition in a prespecified
amount of that food and then summed up the vitamin D intake
from all food items. When estimating the total vitamin D intake,
vitamin D—containing supplement use (either vitamin D—specific
supplements or multivitamins containing vitamin D) was taken
into account as well. In the NHS, vitamin D supplement use was
assessed since 1984, whereas in the HPFS, vitamin D supple-
mentation was examined since baseline in 1986. Intakes of
calcium and other nutrients were assessed by using the same
approach. In a validation study in NHS participants, moderate-to-
strong correlations were documented between the FFQ and diet
record assessments of primary food sources of dietary vitamin D,
such as skimmed milk (r = 0.81), whole milk (r = 0.62), dark-
meat fish (r = 0.66), and cold cereal (r = 0.79) (19). In the HPFS,
the corresponding correlation coefficients were 0.88, 0.67, 0.58,
and 0.86, respectively (20).

In the current analysis, we examined vitamin D intakes from
food sources and from supplements. Total vitamin D intake in-
cluded both dietary and supplemental vitamin D. We derived
cumulative averages of food and nutrient intakes throughout the
entire follow-up period (from baseline to the time of censoring
events) to better represent the long-term diet. In addition, we
stopped updating diet when participants first reported having
a diagnosis of cancer, because cancers might influence subsequent
diet. For these participants, we carried forward the cumulative
averages of dietary intake before the occurrence of cancers to
represent diet for later follow-up. All of these approaches were

used in our previous investigations to minimize systematic errors
in dietary assessment (21). Using the current Dietary Reference
Intake (DRI) of vitamin D (22) and the actual distribution of
vitamin D intake in these 2 cohorts, we categorized the study
participants into 5 categories: <100, 100-199, 200-399, 400-599,
and >600 IU/d, which is the current DRI of vitamin D for men
and women younger than age 70 y.

Ascertainment of study outcome

In the current analysis, CVD outcomes were defined as CHD
(nonfatal myocardial infarction or fatal CHD) and stroke (nonfatal
or fatal). For participants who reported having newly diagnosed
CHD or stroke on the biennial questionnaires, we requested per-
mission to access their medical records for the purpose of con-
firmation. Study physicians who were blinded to the participants’
exposure status reviewed the medical records. To confirm nonfatal
myocardial infarction, we used the World Health Organization
criteria, which require typical symptoms plus either diagnostic
electrocardiographic findings or elevated cardiac enzyme con-
centrations. To confirm nonfatal stroke, the study physicians
reviewed the results of computed tomography or magnetic res-
onance imaging, and a stroke diagnosis was confirmed if the
medical records showed a neurologic deficit with sudden or rapid
onset that persisted for >24 h or until death in accordance with
the criteria of the National Survey of Stroke. Cerebrovascular
diseases caused by infection, trauma, or malignancy or silent
strokes were excluded. Strokes were classified as ischemic
(thrombotic or embolic), hemorrhagic (subarachnoid or intra-
parenchymal), or of undetermined subtype. CHD and stroke events
for which confirmatory information was obtained by interview
or letter but no medical records were available were designated
as “probable.”

Deaths were identified by reports from next of kin, from postal
authorities, or by searching the National Death Index. CHD and
stroke deaths were classified by examining autopsy reports,
hospital records, or death certificates. Fatal CHD was defined as
International Classification of Diseases, ninth revision (ICD-9;
http://www.cdc.gov/nchs/icd/icd9cm.htm), codes 410-412 and
was considered confirmed if fatal CHD was confirmed via
medical records or autopsy reports or if CHD was listed as the
cause of death on the death certificate and there was prior evi-
dence of CHD in the medical records. We designated as prob-
able those cases in which CHD was the underlying cause on the
death certificates but no prior knowledge of CHD was indicated
and medical records concerning the death were unavailable.
Similarly, we used ICD-9 codes 430-434 to define fatal stroke
and followed the same procedures to classify confirmed or probable
fatal stroke cases.

Because the exclusion of probable CVD events did not alter the
results, we included both confirmed and probable CHD and strokes
in this analysis to maximize statistical power. Disconfirmed CHD
and stroke cases were censored in the analysis (n = 1195 for the
NHS and 1489 for the HPFS).

Exclusion criteria

In the current analysis, we excluded NHS and HPFS participants
who had diagnoses of CVD at baseline (1984 for NHS and 1986 for
HPFES). We also excluded participants with existing cancers at
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baseline, because these individual likely change their usual diet
substantially after diagnosis, which might introduce bias to the
self-report of dietary vitamin D. In addition, we excluded par-
ticipants who had missing baseline dietary or supplemental vi-
tamin D levels from the analysis. After these exclusions, data from
74,272 of 81,757 NHS participants and 44,592 of 49,934 HPFS
participants were available for the analysis.

The study was approved by the Human Research Committee
of Brigham and Women’s Hospital and the Human Subjects
Committee Review Board of Harvard School of Public Health.
The completion of the self-administered questionnaire was con-
sidered to imply informed consent.

Statistical analysis

Each participant’s person-years of follow-up were counted
from the date of return of the baseline FFQ to the date of death,
the date of diagnosis of CVD, or the end of follow-up (30 June
2006 for the NHS or 31 January 2006 for the HPFS), whichever
came first. The relative risks (RRs) or hazard ratios were esti-
mated by using Cox proportional hazard regression. To determine
covariates to be controlled for in multivariate analyses, we fitted
several models ranging from an age-adjusted model to the most
fully adjusted model (see Supplementary Table 1 under “Sup-
plemental data” in the online issue). Subsequently, we used both
Akaike information criterion and change of the RRs (>10%)
(23) for vitamin D intake categories in each model in compar-
ison with the age-adjusted model to choose an optimal multi-
variate-adjusted model that had both reasonable goodness of fit
and maximal change of associations. The full list of potential
covariates that we considered were race (NHS: white, African
American, Hispanic, and Asian; HPFS: white, African Ameri-
can, and Asian); body mass index (BMI; in kg/mz: based on
self-reported height and weight: <21.0, 21.0-22.9, 23.0-24.9,
25.0-26.9, 27.0-29.9, 30.0-32.9, 33-34.9, or >35); family
history of heart disease (yes or no); smoking (never smoked,
past smoker, current smoker of 1-14 cigarettes/d, 15-24 ciga-
rettes/d, or >25 cigarettes/d); alcohol intake (0, 0.1-4.9, 5.0-
9.9, 10.0-14.9, or >15 g/d); menopausal status (yes or no; NHS
only); postmenopausal hormone use (never user, past user, or
current user; NHS only); physical activity (quintiles); regular
sun exposure (NHS: none, sun exposure without protection, or
sun exposure with protection; HPFS: none, sun exposure without
protection, sun exposure with <50% protection, or sun exposure
with >50% protection); aspirin use (NHS: <1, 1-2, 3-6, 7-14,
or >15 tablet/wk; HPFS: yes or no); latitude (southern or northern
states); history of hypertension, high cholesterol, or diabetes;
dietary factors, including total energy intake (kcal/d), quintiles
of glycemic load, trans fat intake (% of total energy), ratio of
polyunsaturated to saturated fat, and dietary fiber intake (g/d);
and use of loop diuretics, thiazide diuretics, steroids, or cholesterol-
lowering drugs (including statins). Using the aforementioned
algorithm, we determined a final model that was adjusted for
age, smoking status, physical activity, alcohol use, BMI, family
history of myocardial infarction, dietary intake of fiber and trans
fat, ratio of polyunsaturated to saturated fat, glycemic load, and
history of hypertension, high cholesterol, or diabetes. In addi-
tion, when we modeled the association for dietary vitamin D,
supplemental vitamin D was adjusted and vice versa to control
for confounding.

SUN ET AL

We constructed interaction terms between vitamin D intakes
and calendar year to formally test the proportional hazard as-
sumption of Cox regressions and used likelihood ratio tests to
assess the significance of these interaction terms. P values for the
interaction terms were 0.48 in the NHS and 0.87 in the HPFS for
total vitamin D intake, indicating that the proportional hazards
assumption was unlikely violated. We used the same methods to
examine potential interactions between several selected CVD
risk factors and total vitamin D intake. In addition, we used
restricted cubic spline regressions with 4 knots to examine dose-
response relations between vitamin D intake and risk of CVD
(24). Tests for nonlinearity used the likelihood ratio test, com-
paring the model with only the linear term to the model with the
linear and the cubic spline terms.

Tests for trend were conducted by assigning the median value
to each category and modeling this value as a continuous variable.
We used random-effects models to summarize the RRs of the
NHS and HPFS. P values for heterogeneity were calculated by
using the Cochran Q test (25). All P values were 2-sided, and
95% CIs were calculated for RRs. Data were analyzed with the
Statistical Analysis Systems software package (version 9.1; SAS
Institute Inc, Cary, NC).

RESULTS

During 22 y of follow-up, we identified 4857 CVD cases in the
NHS; during 20 y of follow-up in the HPFS, we identified 5029
CVD cases. The baseline characteristics of the NHS and HPFS
participants by total vitamin D intakes are shown in Table 1. In
comparison with the NHS participants, HPFS participants had
higher vitamin D intakes in each category. Throughout the entire
follow-up period, there was only a small proportion of person-
years during which total vitamin D intakes exceeded 1000 IU/d:
for 1.0% of women and 2.8% of men. A higher vitamin D intake
was correlated with older age, increased physical activity levels,
decreased use of tobacco, and increased use of aspirin and mul-
tivitamins in both cohorts. In addition, a higher vitamin D intake
was correlated with an increased use of hormone replacement
therapy in women, whereas men who had higher vitamin D in-
takes were more likely to have a history of diabetes. With respect
to dietary factors, total vitamin D was highly correlated with
calcium (NHS: r = 0.55; HPFS: r = 0.52) and retinol (NHS: r =
0.72; HPES: r = 0.69) intakes because the primary food sources
are the same (dairy products) for these nutrients.

In age-adjusted analyses, total vitamin D, especially vitamin D
from supplements, was inversely associated with CVD risk in both
cohorts (Table 2). After adjustment for lifestyle and dietary co-
variates, the association was markedly attenuated in the NHS: the
multivariate RR (95% CI) of CVD for a comparison of an intake
>600 IU/d with an intake of <100 IU/d was 1.02 (0.89, 1.17;
P for trend = 0.12). In contrast, although the age-adjusted asso-
ciation was also somewhat attenuated in the HPFS, a significant
inverse association remained in the multivariate analysis, with an
RR (95% CI) of 0.84 (0.72, 0.97; P for trend = 0.009). The pooled
RR in the random-effects models (95% CI) of CVD for a com-
parison of >600 IU/d with <100 IU/d was 0.93 (0.76, 1.13;
P for trend = 0.85). The RRs (95% CI) for a comparison of
>600 IU/d with <100 IU total vitamin D/d were 1.05 (0.87, 1.26;
P for trend = 0.64) for CHD and 0.96 (0.79, 1.18; P for trend =
0.12) for stroke in the NHS. In the HPES, the corresponding RRs
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Baseline characteristics by categories of total vitamin D intake in the Nurses’ Health Study (NHS) and the Health Professionals Follow-Up Study (HPES)’

Total vitamin D intake

Characteristics <100 IU/d 100-199 IU/d 200-399 1U/d 400-599 1U/d >600 1U/d
NHS
No. of subjects 9514 20,576 21,154 13,298 9730
Total vitamin D intake (IU/d) 713 *= 10.8° 150.9 = 159 284.7 + 333 502.2 * 32.3 809.2 = 1274
Dietary vitamin D intake (IU/d) 71.0 £ 10.8 1482 £ 17.2 250.0 * 44.1 228.8 = 81.4 316.5 = 93.0
Supplemental vitamin D intake (IU/d) 03 £2.0 2.0+ 6.3 347 + 44.1 273.4 * 91.5 492.7 = 145.1
Demographic characteristics
Age (y) 49.3 £ 0.1 49.7 £ 0.1 50.1 £ 0.1 50.7 £ 0.1 51.5 £ 0.1
White (%) 97.1 97.7 97.8 98.1 98.2
Living in southern states (%)’ 19.6 19.0 18.1 21.1 22.5
Sun exposure in summer (%)4 834 84.7 86.6 85.5 85.6
Physical activity (MET-h/wk) 12.6 £ 12.7 12.7 = 10.8 14.0 £ 11.7 154 £ 124 17.4 = 14.8
BMI (kg/m?) 249 £ 26 25.1 £ 2.6 252 * 27 248 £ 2.6 247 £ 2.6
Current smoker (%) 30.6 26.3 223 21.9 20.3
Postmenopausal (%) 459 45.5 454 459 46.9
Postmenopausal hormone use (%)’ 20.1 222 22.5 28.6 30.3
Hypertension (%) 21.6 21.1 20.5 21.0 21.7
High cholesterol (%) 7.6 7.5 7.8 8.0 9.7
Diabetes (%) 2.3 2.6 3.1 2.9 3.4
Family history of heart disease (%) 19.2 19.4 19.3 19.1 19.1
Aspirin use (%) 39.7 42.7 44.6 48.0 48.8
Multivitamin supplement user (%) 5.7 10.5 26.5 76.4 92.5
Diet
Total energy intake (kcal/d) 1343 = 229 1651 = 261 1900 = 290 1779 = 316 1952 * 311
trans Fat intake (% of total energy) 19 £03 20*03 19 £03 1.8 £0.3 1.8 £03
Polyunsaturated-to-saturated fat ratio 0.56 = 0.11 0.55 = 0.10 0.54 = 0.09 0.55 * 0.10 0.56 = 0.10
Alcohol (g/d) 7.6 = 6.8 7.1+ 63 6.5 =58 6.9 = 6.2 6.6 = 6.2
Cereal fiber intake (g/d) 36 £ 1.1 4012 43 £ 13 43 £ 13 45+ 14
Glycemic load 101.3 £ 13.1 99.7 = 11.0 98.5 + 10.0 98.8 = 11.1 97.6 = 10.7
Calcium (mg/d) 642 = 195 736 = 177 899 * 197 1019 * 252 1191 = 276
Retinol (IU/d) 1833 *+ 1657 2296 * 1464 3322 *+ 1675 7015 *= 2660 10,467 = 4396
HPFS
No. of subjects 3295 9878 14,536 8140 8743
Total vitamin D intake (TU/d) 704 =99 154.1 £ 14.0 284.3 + 28.2 501.1 = 28.6 875.2 = 1449
Dietary vitamin D intake (IU/d) 69.5 = 10.0 149.5 £ 158 259.8 + 34.7 304.9 = 82.0 396.7 = 117.3
Supplemental vitamin D intake (IU/d) 09 =33 4.6 7.7 24.5 = 303 196.2 + 88.4 478.5 = 160.9
Demographic characteristics
Age (y) 513 £0.2 524 + 0.1 53.0 = 0.1 537 = 0.1 553 £ 0.1
White (%) 92.7 94.4 95.4 95.0 95.4
Living in southern states (%)3 37.1 36.2 335 333 34.8
Sun exposure in summer (%)* 87.9 89.1 90.1 90.1 90.4
Physical activity (MET-h/wk) 184 £ 15.6 18.6 £ 139 213 £ 153 214 £ 143 24.8 + 18.3
BMI (kg/m?) 252 £ 24 251 * 25 250 £ 24 247 £ 2.5 2477 + 2.4
Current smoker (%) 11.3 10.5 9.4 9.7 8.7
Hypertension (%) 22.6 19.9 20.6 20.1 20.7
High cholesterol (%) 9.5 10.0 10.4 10.7 12.6
Diabetes (%) 1.8 2.3 2.7 2.7 29
Family history of heart disease (%) 11.9 11.8 12.0 12.0 12.1
Aspirin use (%) 219 23.7 25.5 30.3 32.4
Multivitamin supplement user (%) 8.1 14.7 27.7 64.8 87.6
Diet
Total energy intake (kcal/d) 1541 = 230 1788 = 270 2068 = 297 2068 * 323 2200 * 332
trans Fat intake (% of total energy) 1.3 0.3 1.3 +0.3 1.3 +0.2 1.2 £03 1.2 0.2
Polyunsaturated-to-saturated fat ratio 0.59 = 0.12 0.57 £ 0.10 0.56 = 0.09 0.57 £ 0.11 0.59 = 0.11
Alcohol intake (g/d) 119 = 8.2 11.8 £ 7.7 11.2 7.1 11.5+76 109 = 7.1
Cereal fiber intake (g/d) 47 £ 14 54 *16 6.0 £ 1.8 6.0 £ 19 6.5 24
Glycemic load 124.7 £ 155 1239 + 13.1 124.1 = 12.0 1239 = 12.6 124.0 £ 129
Calcium intake (mg/d) 619 = 132 714 = 130 864 + 164 997 *+ 209 1175 = 269
Retinol intake (TU/d) 2047 = 1569 2596 * 1454 3514 = 1620 6695 *+ 2585 12,157 + 4893

! All values are age-standardized. MET-h, metabolic equivalent task hours.

2 Mean * SE (all such values).

3 Southern states include California, Florida, Texas, Georgia, North Carolina, South Carolina, Alabama, Arkansas,

Arizona, New Mexico, Oklahoma, and Puerto Rico.
# Defined in the NHS as exposure to sunlight for >8 h/wk or in the HPFS as does not avoid sunlight when outdoors.

? Current and past use of hormones in postmenopausal women.

Louisiana, Mississippi, Indiana,
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TABLE 2

SUN ET AL

Relative risks (and 95% CIs) of cardiovascular disease by vitamin D intake categories in the Nurses’ Health Study (NHS) and the Health Professionals

Follow-Up Study (HPFS)

Vitamin D intake categories

<100 IU/d 100-199 1U/d 200-399 1U/d 400-599 1U/d >600 IU/d P for trend
Dietary vitamin D
NHS
Intake (IU/d)’ 77.5 (61.8, 89.6) 153.2 (128.7, 176.0) 265.7 (229.0, 317.4) 446.5 (419.6, 489.6)  664.5 (625.3, 733.8)
No. of cases 584 1823 2098 322 30
Person-years 186,047 601,831 629,293 87,054 7381
Age adjusted 1.0 0.86 (0.78, 0.94) 0.86 (0.78, 0.94) 0.92 (0.80, 1.06) 1.10 (0.76, 1.58) 0.59
Model 1° 1.0 0.93 (0.84, 1.02) 0.97 (0.88, 1.06) 1.04 (0.91, 1.19) 1.17 (0.81, 1.68) 0.13
Model 2°* 1.0 0.94 (0.86, 1.03) 1.00 (0.91, 1.10) 1.07 (0.94, 1.24) 1.20 (0.83, 1.74) 0.04
HPFS
Intake (TU/d)’ 75.9 (59.1, 88.8) 156.9 (132.5, 178.9) 271.9 (233.2,322.7) 465.5 (428.4,517.4) 684.4 (632.6, 775.2)
No. of cases 387 1527 2280 656 179
Person-years 61,411 238,416 359,902 87,750 21,239
Age adjusted 1.0 0.89 (0.79, 0.99) 0.80 (0.72, 0.89) 0.88 (0.77, 0.99) 0.94 (0.79, 1.12) 0.40
Model 17 1.0 0.93 (0.83, 1.04) 0.87 (0.78, 0.97) 0.96 (0.85, 1.09) 0.99 (0.83, 1.18) 0.77
Model 2°* 1.0 0.95 (0.85, 1.06) 0.90 (0.81, 1.01) 1.00 (0.88, 1.14) 1.03 (0.86, 1.23) 0.39
Pooled®*
Random-effects model 1.0 0.94 (0.88, 1.01) 0.95 (0.86, 1.05) 1.03 (0.94, 1.13) 1.06 (0.90, 1.24) 0.09
P for heterogeneity — 0.93 0.18 0.45 0.45 0.25
Supplemental vitamin D (IU/d)
NHS
Intake (IU/d)’ 0 (0, 0.1) 133.3 (114.2, 160.0)  262.5 (209.5, 314.0)  400.0 (400.0, 418.7)  700.0 (600.0, 800.0)
No. of cases 2622 764 965 434 72
Person-years 836,407 219,069 289,001 142,031 25,099
Age adjusted 1.0 0.93 (0.86, 1.01) 0.88 (0.81, 0.94) 0.85 (0.77, 0.94) 0.86 (0.68, 1.09) <0.0001
Model 1° 1.0 1.02 (0.94, 1.11) 1.00 (0.92, 1.07) 0.99 (0.92, 1.07) 1.00 (0.79, 1.27) 0.92
Model 27 1.0 1.04 (0.96, 1.13) 1.02 (0.95, 1.10) 1.02 (0.92, 1.13) 1.03 (0.81, 1.30) 0.55
HPFS
Intake (IU/d)’ 0 (0, 0) 133.3 (114.0, 160.0)  251.0 (214.0, 300.0)  400.0 (400.0, 400.0)  800.0 (650.0, 800.0)
No. of cases 3037 545 746 547 154
Person-years 462,168 80,578 121,202 79,236 25,534
Age adjusted 1.0 0.91 (0.83, 1.00) 0.80 (0.74, 0.87) 0.88 (0.80, 0.96) 0.80 (0.68, 0.94) <0.0001
Model 17 1.0 0.94 (0.86, 1.03) 0.84 (0.78, 0.91) 0.94 (0.86, 1.04) 0.87 (0.74, 1.02) 0.002
Model 2** 1.0 0.95 (0.87, 1.05) 0.86 (0.79, 0.93) 0.96 (0.88, 1.06) 0.89 (0.76, 1.05) 0.01
Pooled™*
Random-effects model 1.0 1.00 (0.92, 1.08) 0.94 (0.79, 1.11) 0.99 (0.92, 1.06) 0.93 (0.82, 1.07) 0.55
P for heterogeneity — 0.18 0.003 0.42 0.32 0.04
Total vitamin D (IU/d)
NHS
Intake (IU/d)’ 77.0 (61.3, 89.3) 154.5 (129.6, 177.3) 291.3 (242.9, 342.9) 490.2 (443.2, 542.0) 706.2 (644.2, 809.1)
No. of cases 306 911 1740 1173 727
Person-years 99,146 311,607 547,531 352,334 200,988
Age adjusted 1.0 0.85 (0.74, 0.96) 0.80 (0.71, 0.90) 0.76 (0.67, 0.87) 0.79 (0.69, 0.90) 0.003
Model 17 1.0 0.92 (0.80, 1.04) 0.93 (0.82, 1.05) 0.94 (0.82, 1.06) 0.97 (0.85, 1.11) 0.54
Model 2° 1.0 0.93 (0.81, 1.06) 0.96 (0.85, 1.09) 0.98 (0.86, 1.11) 1.02 (0.89, 1.17) 0.12
HPFS
Intake (IU/d)’ 74.9 (58.7, 88.7) 157.6 (132.7, 179.2) 287.7 (241.2,339.0) 493.5 (445.4, 544.2) 749.5 (660.1, 915.0)
No. of cases 218 863 1706 1191 1051
Person-years 34,935 135,032 270,607 176,091 152,053
Age adjusted 1.0 0.88 (0.76, 1.03) 0.80 (0.69, 0.92) 0.78 (0.67, 0.90) 0.72 (0.62, 0.83) <0.0001
Model 1° 1.0 0.92 (0.80, 1.07) 0.87 (0.75, 1.00) 0.86 (0.75, 1.00) 0.80 (0.69, 0.93) 0.0007
Model 2° 1.0 0.94 (0.81, 1.09) 0.89 (0.78, 1.03) 0.90 (0.77, 1.04) 0.84 (0.72, 0.97) 0.009
Pooled’
Random-effects model 1.0 0.93 (0.84, 1.03) 0.93 (0.85, 1.02) 0.94 (0.85, 1.04) 0.93 (0.76, 1.13) 0.85
P for heterogeneity — 0.92 0.47 0.39 0.05 0.004

! Values are medians; interquartile ranges in parentheses.
2 Cox proportional hazard regression model was adjusted for smoking, physical activity, alcohol intake, BMI, family history of heart disease, menopausal

status (NHS only), postmenopausal hormone use (NHS only), and history of hypertension, high cholesterol, or diabetes.

7 Based on model 1, model 2 was further adjusted for glycemic load, trans fat, the ratio of polyunsaturated to saturated fat, and dietary fiber.
“ Dietary vitamin D and supplemental vitamin D were mutually adjusted for each other.
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(95% Cls) were 0.86 (0.72, 1.02; P for trend = 0.01) and 0.77
(0.57, 1.03; P for trend = 0.46), respectively.

In secondary analyses, we further adjusted for intakes of
calcium and retinol—nutrients that are highly correlated with
vitamin D intake (data not shown). In the HPFS, such an ad-
justment did not abolish the significantly inverse association for
vitamin D intake: The RR (95% CI) was 0.84 (0.72, 0.99; P for
trend = 0.04) for a comparison of >600 IU/d with <100 IU/d. In
the NHS, the corresponding RR (95% CI) was 1.12 (0.95, 1.31).
In addition, although none of the RRs for vitamin D intakes
were significant in the NHS, we observed a significant trend
across categories (P for trend = 0.01). Nonetheless, the 95% Cls
were much wider for these RRs in the NHS after such an ad-
justment. To address the potential colinearity between vitamin D
and these nutrients, we examined the joint effects of total vita-
min D and calcium and retinol intakes; the results are shown
elsewhere (see Supplementary Figures 1 and 2, respectively,
under “Supplemental data” in the online issue). In the NHS, in
comparison with low intakes of both vitamin D and calcium,
high intakes of both nutrients were not associated with CVD
risk: the RR (95% CI) was 0.98 (0.89, 1.08). Similarly, high
intakes of both vitamin D and retinol were not associated with
CVD risk: the RR (95% CI) was 1.03 (0.95, 1.12). In the HPFS,
high intakes of both vitamin D and calcium, but not retinol, were
associated with a lower risk of CVD: The RRs (95% Cls) were
0.87 (0.79, 0.95) for calcium and 0.93 (0.86, 1.02) for retinol.

We used a similar approach to examine the joint association
between dietary and supplemental vitamin D intakes (see Sup-
plementary Figure 3 under “Supplemental data” in the online
issue). In the NHS, participants who had high intakes of both
dietary and supplemental vitamin D did not have a lower risk of
CVD; the RR (95% CI) was 1.04 (0.93, 1.16). In the HPFS,
a high dietary and high supplemental vitamin D intake was as-
sociated with a nonsignificantly lower risk of CVD: the RR
(95% CI) was 0.91 (0.82, 1.01) in comparison with a low dietary
and low supplemental vitamin D intake.

We further evaluated potential interactions between total vi-
tamin D intake and biological or lifestyle risk factors, including
age, hormone replacement therapy (NHS only), BMI, and
physical activity (see Supplementary Table 2 under “Supple-
mental data” in the online issue). In the NHS, the associations
for vitamin D were similar in these stratified analyses, and none
of these associations were statistically significant. In contrast,
the inverse association for total vitamin D intake appeared stronger
for men who were younger than 65 y, overweight (BMI > 25), or
more physically active, although P values for interactions were
not significant for these interactions.

Potential dose-response relations are shown in Figure 1. In the
HPFES, we detected a linear relation (P = 0.02), whereas in the
NHS the association was null for tests of linearity or curvature.
In the HPFS, this spline regression analysis suggested a regression
coefficient of —0.018 (RR = 0.98) for every 100 IU/d of vitamin
D intake.

Last, using data from 2 nested case-control studies in the NHS
(26) and HPFS (7), respectively, we found significant correlations
between total vitamin D intake and blood concentrations of
25(OH)D in both cohorts (Table 3). In linear regression analysis,
every 40 IU/d (1 pg/d) of total vitamin D intake was associated
with a 0.6-nmol/L increment of plasma 25(OH)D in the men
and with a 0.7-nmol/L increment of 25(OH)D in the women.

NHS
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FIGURE 1. Relative risks (and 95% Cls) of cardiovascular disease
according to total vitamin D intakes in the Nurses’ Health Study (NHS)
and the Health Professionals Follow-Up Study (HPFS). Participants with
the lowest and highest 5% of total vitamin D intakes were excluded to
minimize the potential effect of outliers. Multivariate Cox regression
models were adjusted for the same covariates in model 2, Table 2. Solid
lines represent the relative risks, and dashed lines represent the 95% Cls.

In addition, we used logistic regression to examine the cross-
sectional association between dietary vitamin D intakes and the
odds of possible vitamin D insufficiency, defined as 25(OH)D
concentrations <50 nmol/L. The odds ratios (95% CI) of vita-
min D insufficiency for a comparison of >600 [U/d with <100
IU/d were 0.09 (0.03, 0.29) for men and 0.34 (0.12, 0.93) for
women. When we used 25(OH)D concentrations <30 nmol/L to
define vitamin D insufficiency, we found stronger associations:
the corresponding odds ratios (95% Cls) were 0.05 (0.01, 0.28)
for men and 0.07 (0.01, 0.79) for women.

DISCUSSION

In these 2 large cohorts of men and women with vitamin D
intakes that were typical of US populations (27), we documented
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TABLE 3

Plasma 25-hydroxyvitamin D [25(OH)D] concentrations by total vitamin D intake categories at the time of blood collection in control subjects from 2 nested
case-control studies in the Nurses’ Health Study (NHS; 1990) and the Health Professionals Follow-Up Study (HPFS; 1994) cohorts’

Total vitamin D intake?

<100 IU/d 100-199 1U/d 200-399 1U/d 400-599 1U/d >600 1U/d P for trend

NHS

No. of subjects 29 100 202 118 63

Intake (IU/d)* 79.1 (70.1, 86.3)  153.9 (126.5, 173.5)  290.1 (233.6, 340.6)  481.3 (436.0, 533.7)  673.9 (636.4, 756.5)

25(OH)D (nmol/L)* 549 £52 54.6 = 2.0 59.7 + 1.5 634 = 1.9 653 =25 <0.0001
HPFS

No. of subjects 17 113 317 220 191

Intake (IU/d)’ 82.9(62.2,92.0) 157.8 (134.2, 178.3)  294.9 (248.6, 345.8)  484.9 (434.5, 547.4)  723.4 (660.3, 824.7)

25(0OH)D (nmol/L)* 42,6 + 4.1 589 = 1.9 588 = 1.0 634 + 1.3 66.1 = 1.9 <0.0001

" The NHS was a type 2 diabetes case-control study, and the HPFS was a myocardial infarction case-control study.
2 Cumulative average total vitamin D intake between 1984 and 1990 for the NHS participants and cumulative average between 1986 and 1994 for the

HPFS participants.
3 Values are medians; interquartile ranges in parentheses.

# Values are least-squares means + SEs calculated by using generalized linear regressions adjusted for age at the time of blood collection, ethnicity, BMI,
smoking status, physical activity, and postmenopausal status and hormone use (NHS only).

potential sex-specific associations between vitamin D intake and
risk of CVD. A higher vitamin D intake was associated with
a lower risk of CVD in men but not in women.

Several potential mechanisms, including effects on the renin-
angiotensin system, endothelial dysfunction, vascular smooth
muscle proliferation, insulin resistance, and systemic inflam-
mation, support beneficial effects of vitamin D in the prevention
of CVD (28). These mechanisms may explain the inverse as-
sociation between vitamin D intake and CVD risk in men. Our
observation for men was consistent with a previous study in-
vestigating plasma concentrations of 25(OH)D, the best bio-
marker of vitamin D status, in the same cohort. In that study every
2.5-nmol/L (1 ng/mL) increment of 25(OH)D was associated
with a 2.1% reduction in CHD risk (7). Given that every 40 TU/d
(1 pg/d) of vitamin D supplementation will lead to a 0.7-nmol/L
increase in 25(OH)D concentrations in men (29), our analysis
suggests a reduction in CVD risk of 2.6% for every 2.5-nmol/L
25(OH)D increment resulting from vitamin D intake (143 TU/d).

The null association for women, although unexpected, was
consistent with previous large-scale studies consisting primarily
of healthy women. In the lowa Women’s Health Study, in a cohort
with vitamin D intakes that were similar to those of the NHS
participants, total vitamin D intake was associated with a non-
significant elevated risk of CHD mortality; the RR (95% CI) was
1.41(0.93,2.15) in a comparison of extreme quartiles (14). In the
WHI trial, 400 IU vitamin D/d plus calcium supplementation had
no effects on incident CVD outcomes: the RRs (95% CI) were
1.04 (0.92, 1.18) for CHD, 0.95 (0.82, 1.10) for stroke (17), and
0.92 (0.77, 1.10) for CVD mortality (30). Null results were also
observed in several other clinical trials in women with various
study designs (31-34), although CVD was not a prespecified
outcome and the sample size was too small to detect any
meaningful effects on vascular endpoints. Several reasons for the
null associations observed for women in these large studies were
possible. First, vitamin D intake or supplementation may have
been too low to produce meaningful differences in these studies.
Many professional organizations now recommend achieving a
serum 25(OH)D concentration of >75 nmol/L, which requires much
higher dietary and/or supplemental vitamin D intakes (35). Second,

higher vitamin D intakes may be needed for women to achieve
these 25(OH)D concentrations because women tend to have a
higher percentage of body fat than do men (36). Third, vitamin
D intake is correlated with certain lifestyle practices or other
factors that can also be risk factors for CVD, such as physical
activity in the current analysis. Residual confounding due to the
measurement errors of adjusted covariates or confounding due to
unmeasured confounders may have contributed to the null find-
ings as well. Last, intakes of vitamin D from diet and supplements
are only one of the important determinants of 25(OH)D concen-
trations in the human body, which are the biologically relevant
internal dose of the total exposure of vitamin D. Although we
hypothesize that vitamin D intake or supplementation may be
more beneficial in individuals who are vitamin D deficient, such
as patients receiving dialysis (18), we are unable to examine this
hypothesis because 25(OH)D concentrations were not determined
in the current analysis. Additional studies are warranted before a
firm conclusion regarding the effects of vitamin D intake or
supplements on CVD outcomes can be made. Nonetheless, a large
trial that examines the effects of high-dose vitamin D supple-
mentation (2000 IU/d) on the primary prevention of CVD, cancer,
and other chronic diseases is being conducted (JE Manson, Prin-
cipal Investigator) (28).

Some limitations of the current investigation warrant con-
sideration. Most of the study participants in these 2 cohorts are
working health professionals of European ancestry. We were
unable to generalize the results to populations of other ethnicities.
In addition, because the vitamin D intakes were at most moderate
in these 2 cohorts (generally <1200 IU/d), we were unable to
evaluate whether a much higher dose (eg, 2000 IU/d and above)
is associated with a reduced risk of CVD, especially for women.
Although the FFQs were validated against multiple diet records
and moderate-to-strong correlation coefficients were observed in
validation studies, measurement errors associated with vitamin
D assessments could not be ruled out. In addition, in the rare
scenario that a patient developed an incident nonfatal CVD
event but did not respond to follow-up questionnaires and then
died of fatal CVD, misclassification of the diagnosis date of first-
ever CVD event will occur. Furthermore, the algorithm that we



VITAMIN D INTAKE AND CARDIOVASCULAR DISEASE

used to identify potential confounders was, by no means, the
only approach, and it must be recognized that the measurement
errors of multiple covariates can lead to spurious changes in the
RR of exposures. However, because of the prospective nature of
the current study, these measurement errors or misclassification
would more likely lead to an attenuation of true associations.
Meanwhile, we cannot entirely exclude the possibility that they
can also render erroneously stronger associations. Because of
the strong correlation between vitamin D intake and intakes of
calcium and retinol, we cannot entirely separate their independent
associations in multivariate regression analysis. Nonetheless, a
recent meta-analysis provided evidence that effects of calcium
supplementation on CVD events were either null or even ad-
verse (37). In the current analysis, the associations for calcium
and retinol with total CVD events were null in multivariate
analysis in men (data not shown). Therefore, it is unlikely that
the inverse association for vitamin D in the HPFS was due to any
beneficial effects of calcium or retinol. Last, we cannot exclude
the possibility that the sex difference identified in the current
study was a chance finding given the lack of solid biological evi-
dence supporting such a difference. The strengths of the current
study included the large sample size, long follow-up durations,
high follow-up rates, repeated and updated dietary assessments,
and comprehensive statistical analysis.

Because of the connection between sun exposure and skin
cancer, avoidance of direct sun exposure and use of sun pro-
tection in outdoor activities have been recommended. Increasing
vitamin D intake from foods or supplements, therefore, becomes
one important measure to maintain optimal vitamin D status for
persons who do not receive enough sun exposure. The current
investigation provides the first evidence supporting potential
benefits of moderate intake of vitamin D on CVD risk in men,
whereas no associations were observed in women. Additional
research is needed to assess the relation between vitamin D intake
and cardiovascular disease in both men and women and to elu-
cidate the basis for any sex differences.
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