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Context and Objective: A growing body of evidence suggests that vitamin D deficiency may adversely affect the cardiovascular system. Therefore, we thought to prospectively assess the association between serum 25-hydroxyvitamin D, the most commonly used index of vitamin D status,
and incident coronary heart disease.
Design, Setting, and Patients: We measured serum levels of 25[OH]D in 1783 healthy middle-aged
subjects (964 men, 819 women) in the population-based Monitoring of Trends and Determinants
in Cardiovascular Disease/Cooperative Health Research in the Region of Augsburg studies. A total
of 298 coronary heart disease cases were identified over a mean follow-up period of 11 yr.
Results: After adjustment for age, survey, and season of blood sampling, the hazard ratio (HR) and
95% confidence interval comparing tertile extremes of serum levels of 25[OH]D was 0.32 (0.16 –
0.65) (P for trend ⫽ 0.001) in women and 0.56 (0.38 – 0.82) (P for trend ⫽ 0.005) in men. Further
adjustment for traditional cardiovascular risk factors slightly attenuated the association in women
[HR 0.39 (0.18 – 0.84); P for trend ⫽ 0.013], whereas it became nonsignificant in men [HR 0.76
(0.49 –1.17); P for trend ⫽ 0.215]. After additional adjustment for C-reactive protein, IL-6, soluble
intercellular adhesion molecule-1, and interferon-␥-inducible protein-10, the association still remained significant in women [HR 0.42 (0.19 – 0.93); P for trend ⫽ 0.028], and it was further reduced
in men [HR 0.84 (0.52–1.35); P for trend ⫽ 0.461].
Conclusion: Our findings suggest that higher vitamin D levels are associated with decreased risk of
coronary heart disease. This effect is more pronounced in women than in men. Further clinical and
experimental studies are needed to investigate the sex differences and whether vitamin D supplementation could contribute to the prevention of coronary heart disease. (J Clin Endocrinol
Metab 98: 272–280, 2013)
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growing body of evidence suggests that vitamin D
deficiency may adversely affect the cardiovascular
system, but data from longitudinal studies are scarce (1).
Circulating 25-hydroxyvitamin D (25[OH]D), the most
commonly used index of vitamin D status, is converted to
the active hormone 1,25-dihydroxyvitamin D3, and exerts its physiological effects through the vitamin D receptor (VDR), which is present in various cells of the cardiovascular system, including cardiomyocytes, vascular
smooth muscle cells, and endothelial cells (2– 4). Active
vitamin D inhibits in vitro cell proliferation, induces differentiation and apoptosis, improves vascular compliance, decreases PTH levels, improves glycemic control,
and thus may protect against coronary heart disease
(CHD) (5). Vitamin D also exerts antiinflammatory effects. In monocytes of patients with diabetes, vitamin D
reduces levels of TNF-␣ as well as IL-6, IL-1, and IL-8,
whereas the inhibitory effect on TNF-␣ is mediated by
decreased activity of nuclear factor-B and increased activity of its inhibitor (6).
Although results from the aforementioned experimental studies seem to be fairly consistent, data from
clinical and epidemiological studies remain controversial. Whereas several studies investigating the association between circulating levels of vitamin D and cardiovascular outcomes and total mortality yielded fairly
strong inverse associations, others found much weaker
associations or no effect (7–12).
Therefore, we prospectively assessed the association
between serum 25[OH]D concentrations and incident
CHD [fatal and nonfatal myocardial infarction (MI) and
sudden cardiac death (SCD)] in a large prospective, population-based cohort of middle-aged men and women
from southern Germany.

A

Materials and Methods
Study population
The Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA)/Cooperative Health Research in the
Region of Augsburg (KORA) studies served as the database for
this prospective case-cohort study in initially healthy, middleaged men and women (13). Briefly, three independent population-based MONICA Augsburg surveys (S), with a total number
of 13,427 participants (6,725 men and 6,702 women) aged
25– 64 (S1) or 25–74 yr (S2-S3), were conducted in 1984 –1985
(S1), 1989 –1990 (S2) and 1994 –1995 (S3) and all subjects were
prospectively followed until the end of 2002 within the framework of KORA. The case-cohort design used in the present study
has been described previously in detail (14).
Due to the low incidence of CHD under the age of 35 yr, the
present study was limited to 10,718 persons (5,382 men and
5,336 women) between 35 and 74 yr of age at baseline who
participated in at least one of the three surveys. After exclusion
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of 1187 subjects with missing blood samples and 231 participants with self-reported, prevalent CHD, the source population
for the present study comprised 9300 subjects (4507 men and
4793 women). From the source population, a random subsample
was selected stratifying by sex and survey. Furthermore, we
aimed to include all incident cases that occurred during the follow-up time. After exclusions due to missing values, prevalent
CHD etc., the final study sample comprised 1783 participants
aged 35–74 yr (225 men/73 women with and 739 men/746
women without incident CHD). All participants provided written informed consent, and the study was approved by the Ethics
Committee of the Bavarian Chamber of Physicians.

Assessment of risk factors for cardiovascular
disease
Trained medical staff collected information on sociodemographic variables, smoking habits, leisure time physical
activity, alcohol consumption, and parental history of CHD at
baseline through standardized interviews. In addition, standardized medical examinations including collection of a nonfasting venous blood sample were performed at baseline. All
assessment procedures and standard laboratory methods have
been described elsewhere (15). In 2010, serum samples continuously stored at ⫺80 C or below were used to analyze
baseline levels of 25[OH]D. Serum levels of 25[OH]D were
measured by the OCTEIA 25-hydroxyvitamin D assay from
IDS (Frankfurt, Germany). The intra- and interassay coefficients of variation were 3.3 and 6.3%, respectively. Because
vitamin D levels vary during the year, all analyses were adjusted for season of blood sampling. Serum levels of IL-6,
interferon-␥-inducible protein 10 (IP-10), E-selectin, IL-18,
IL-8, macrophage migration inhibitory factor, monocyte chemotactic protein-1, regulated upon activation, normal T cell
expressed, and secreted, leptin, adiponectin, myeloperoxidase, oxidized low-density lipoprotein-cholesterol, TGF-␤,
and soluble intercellular adhesion molecule-1 (sICAM-1)
were determined as previously described using ELISAs and
bead-based multiplex assays (16, 17). C-reactive protein
(CRP) concentrations were measured with a high-sensitivity
immunoradiometric assay or a high-sensitivity latex-enhanced nephelometric assay on a BN II analyzer (Dade Behring, Marburg, Germany) as previously described in more detail (16). CRP levels and distributions were comparable
between both assays. All the analyses were run in a blinded
fashion.

Ascertainment of CHD at follow-up
A combined end point that included incident fatal/nonfatal
MI and SCD occurring before the age of 75 yr was used as the
outcome variable and was identified through the MONICA/
KORA Augsburg coronary event registry and through follow-up
questionnaires for subjects who had moved out of the study area.
Until December 2000, the diagnosis of a major, nonfatal MI
event was based on the MONICA algorithm taking into account
symptoms, cardiac enzymes, and electrocardiogric changes.
Since January 1, 2001, all patients with MI diagnosed according
to European Society of Cardiology and American College of
Cardiology criteria were included. Deaths from MI were vali-
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dated by autopsy reports, death certificates, chart reviews, and
information from the last treating physician.

Statistical methods
Using the Statistical Analysis System (SAS) procedure
SURVEYMEANS (SAS Institute, Cary. NC), which estimated SEs
appropriate to the sampling scheme, means or proportions for
baseline demographic and clinical characteristics were computed. For categorical variables, tests were carried out using
Wald 2 test based on the SAS procedure SURVEYFREQ. Associations between continuous variables were performed as t
tests on regression coefficients based on the SAS procedure
SURVEYREG. In case of nonnormality, tests were carried out
with log-transformed variables, and results were presented as
geometric means with antilogs of SEs of the adjusted log means.
Pearson correlation coefficients were calculated in the random

cohort sample to assess univariate associations between inflammatory markers and 25[OH]D. Weighing was performed using
the survey- and sex-specific sampling weights. Cox proportional
hazards analyses were used to assess the association between
25[OH]D and incident CHD. For comparison of hazard ratios
(HRs), sex-specific tertiles of 25[OH]D were coded with the bottom tertile as the reference category.
Because of the case-cohort design, correction of the variance
estimation was required. We used an approach developed by
Barlow (18) based on the sampling weights to give robust variance estimation. Cox proportional hazards models with different degrees of adjustment were calculated (see footnotes of the
tables). For test for trends, tertiles were coded by their median
values. Results are presented for each tertile as HR together with
its 95% confidence interval (CI). Interactions between tertiles of
25[OH]D with sex, smoking status, and overweight were exam-

TABLE 1. Baseline demographic, clinical, and laboratory characteristics of participants with and without incident
CHD during follow-up for men and women
Men
Characteristic
Number
Age (yr)a
Education (⬍12 yr) (%)
Smoking status (%)
Current smoker
Former smoker
Never smoker
Frequency of exercise (%)
Inactiveb
Alcohol consumptionc (%)
0 g/d
⬍40/20 g/d
ⱖ40/20 g/d
Body mass index (kg/m2)
Waist to hip ratioa,d
Parental history of MI (%)
Positive
Unknown
Negative
Actual hypertensione (%)
Systolic BP (mm Hg)a
Diastolic BP (mm Hg)a
Current HRT (%)f
Ratio TC/HDLa
CRP (mg/liter)g
IL-6 (pg/ml)g
sICAM-1 (ng/ml)a
IP-10 (pg/ml)g
25关OH兴D (nmol/liter)g

CHD cases
225
56.8 (0.53)
76.2 (0.03)

Noncases
739
51.9 (0.42)
66.1 (0.02)

44.9 (0.03)
34.5 (0.03)
20.6 (0.03)

30.9 (0.02)
39.5 (0.02)
29.7 (0.02)

70.4 (0.03)

58.3 (0.02)

19.5 (0.03)
43.0 (0.03)
37.5 (0.03)
27.9 (0.26)
0.95 (0.01)

16.6 (0.01)
50.2 (0.02)
33.2 (0.02)
27.4 (0.14)
0.93 (⬍0.01)

Women
P valuea
⬍0.001
0.003
0.001

CHD cases
73
57.7 (0.76)
84.9 (0.04)

Noncases
746
52.5 (0.39)
84.5 (0.01)

26.9 (0.05)
17.4 (0.04)
55.7 (0.06)

19.5 (0.01)
15.4 (0.01)
65.0 (0.02)

80.8 (0.05)

64.2 (0.02)

58.6 (0.06)
30.1 (0.05)
11.4 (0.04)
29.5 (0.56)
0.84 (0.01)

43.3 (0.02)
35.6 (0.02)
21.1 (0.02)
26.7 (0.17)
0.81 (⬍0.01)

0.001

23.5 (0.03)
26.8 (0.03)
49.7 (0.03)
65.0 (0.03)
141.2 (1.29)
83.0 (0.81)

17.4 (0.01)
21.9 (0.02)
60.7 (0.02)
44.3 (0.02)
135.7 (0.69)
83.6 (0.42)

⬍0.001
⬍0.001
0.492

5.71 (0.13)
2.42 (1.08)
2.86 (1.07)
885.3 (21.0)
255.8 (1.05)
37.7 (1.03)

5.06 (0.07)
1.46 (1.04)
2.07 (1.04)
799.9 (12.0)
218.3 (1.03)
43.9 (1.02)

⬍0.001
⬍0.001
⬍0.001
⬍0.001
0.010
⬍0.001

⬍0.001
0.932
0.290

0.002

0.172

0.128
⬍0.001
0.018

P valuea

0.022

21.4 (0.05)
26.9 (0.05)
51.7 (0.06)
69.8 (0.05)
144.9 (2.66)
83.9 (1.70)
4.5 (0.03)
5.13 (0.20)
2.84 (1.14)
3.59 (1.09)
892.3 (35.7)
271.0 (1.08)
31.9 (1.05)

21.7 (0.02)
20.3 (0.01)
58.0 (0.02)
38.8 (0.02)
131.6 (0.76)
79.8 (0.40)
10.9 (0.02)
4.03 (0.05)
1.43 (1.04)
1.91 (1.04)
733.1 (9.8)
229.5 (1.03)
39.7 (1.01)

⬍0.001
0.001
0.465

⬍0.001
⬍0.001
0.017
0.038
⬍0.001
⬍0.001
⬍0.001
⬍0.001
0.039
⬍0.001

Data are weighted percentages for categorical variables, The t test was used for comparisons of continuous variables and the 2 test for
comparisons categorical variables. BP, Blood pressure; HRT, hormone replacement therapy; TC, total cholesterol.
a

Weighted means (SE) for normally distributed continuous variables.

b

Physical activity was assessed by a four-level graded scale assessing sports activities during summer and winter time (0, ⬍1, 1–2, ⬎2 h/wk).

c

Men: 0, greater than 0 to 39.9 g/d, 40 g/d or greater; women: 0, greater than 0 to 19.9 g/d, 20 g/d or greater.

Only measured in participants of S2 and S3 (cases: n ⫽ 196; noncases: n ⫽ 975). Weights: cases ⫽ all cases/nonmissing cases; noncases ⫽
1/sampling fraction with sampling fraction ⫽ subcohort/full cohort without cases for each sex and survey.
d

e
Actual hypertension was defined as BP values 140/90 mmHg or greater and/or use of antihypertensive medication given that the subjects were
aware of being hypertensive.
f

Only for women aged 50 yr old or older (cases: n ⫽ 63, noncases: n ⫽ 426) with no current use of oral contraceptives.

g

Weighted geometric means with (antilog of SE of log means) for skewed continuous variables.
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ined using likelihood ratio tests. Variance inflation factors were
calculated to assess collinearity. Inflation factors were below 5,
indicating no collinearity problems. The accuracy of the different
models to assess 10-yr CHD risk were estimated by three measures: 1) the area under the receiver-operating characteristic
curve (AUC; also known as C-statistic or C-index) using survival
probabilities within 10 yr estimated by a modified Kaplan-Meier
method to account for censored observations and the weighting
scheme appropriate to the case-cohort design; the AUC differences between two models are given as ⌬AUC (19); 2) the integrated discrimination improvement statistics, which can be
viewed as the difference of the R2 statistic between two models,
i.e. the difference in the proportion of variance explained by the
two models; and 3) the net reclassification index using the categories less than 10%, 10 –20%, and greater than 20% (20). For
interaction analyses, a P ⬍ 0.10 was considered to be statistically
significant, whereas for all analyses, a P ⬍ 0.05 was considered
to be statistically significant. All statistical evaluations were performed using the SAS software package (version 9.2; SAS
Institute).

Results
A total of 298 CHD cases (225 men, 73 women) were
identified during average follow-up of 11 yr. Baseline
demographic, clinical, and laboratory characteristics of
the study population are shown in Table 1. Subjects
with incident CHD were older, were less active, and
showed a higher waist to hip ratio compared with noncases. Furthermore, cases more frequently had hypertension, whereas differences in parental history of MI,
smoking status, and educational levels were observed
only in men and significant differences in alcohol consumption between the two groups only in women. As
expected, total cholesterol to high-density lipoprotein
cholesterol (HDL-C) ratio was considerably higher in
cases compared with noncases. Furthermore, concentrations of CRP, IL-6, sICAM-1, and IP-10 were higher in
CHD cases than in noncases. Supplemental Fig. 1, published on The Endocrine Society’s Journals Online web site
at http://jcem.endojournals.org, shows the of 25[OH]D
levels in men and women. Geometric mean of 25[OH]D in
cases was 37.7 (1.03) nmol/liter for men and 31.9 (1.05)
nmol/liter for women and in noncases it was 43.9 (1.02)
nmol/liter for men and 39.7 (1.01) nmol/liter for women.
Thus, women showed significantly lower 25[OH]D concentrations than men.
Significant inverse correlations with correlation coefficients |r| ⬎ 0.1 in either men or women between
25[OH]D, and markers of inflammation were observed
for sICAM-1, IL-6, IP-10, and CRP (Table 2). Therefore,
these four markers were selected from a panel of 13 markers of inflammation and considered as potential mediating
factors.
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TABLE 2. Weighted Pearson correlation coefficients
between 25关OH兴D and selected biomarkers for CHD in
the randomly drawn subcohort for men and women
25关OH兴D (log)
Men (n ⴝ 811)
Characteristics
Log Il-6
Log CRP
IP-10
sICAM-1

R
⫺0.114
⫺0.079
⫺0.108
⫺0.178

P value
0.001
0.025
0.002
⬍0.001

25关OH兴D (log)
Women
(n ⴝ 766)
R
⫺0.086
⫺0.110
⫺0.081
⫺0.091

P value
0.017
0.002
0.025
0.012

Table 3 shows the results of Cox proportional hazards
analyses, in which the association of baseline levels of
25[OH]D with incident CHD was assessed. Interaction
analyses using likelihood ratio tests showed relevant interaction of 25[OH]D with sex (P ⫽ 0.06 in model 2);
therefore, the presentation of tables has been stratified by
sex throughout. In the basic model, which adjusted for
age, survey, and season of blood sampling, the HR and
95% CI comparing tertile extremes of serum levels of
25[OH]D were 0.32 (0.16 – 0.65) (P for trend ⫽ 0.001) in
women, and 0.56 (0.38 – 0.82) (P for trend ⫽ 0.005) in
men (model 1). Further adjustment for traditional cardiovascular risk factors (including body mass index, smoking, physical activity, alcohol intake, systolic blood pressure, total cholesterol to HDL-C ratio, and parental
history of MI) slightly attenuated the association in
women [HR 0.39 (0.18 – 0.84); P for trend ⫽ 0.013] and
more strongly in men in whom it became nonsignificant
[HR 0.76 (0.49 –1.17); P for trend ⫽ 0.215] (model 2).
After additional adjustment for CRP, IL-6, sICAM-1, and
IP-10, the inflammatory markers with correlation coefficients |r| ⬎ 0.1 in either men or women relative to
25[OH]D, the effect remained significant in women [HR
0.42 (0.19 – 0.93); P for trend ⫽ 0.028], whereas it was
further reduced in men [HR 0.84 (0.52–1.35); P for
trend ⫽ 0.461] (model 3). Additional adjustment for prevalent diabetes in models 2 and 3 did not attenuate the
effects. Also, using crude categories of vitamin D (⬎50,
25–50, ⬍25 nmol/liter) did not show a relevant change
from the above reported results (data not shown).
Furthermore, Table 3 shows, that the predictive accuracy in the diagnosis of incident CHD, as quantified by the
area under the receiver-operating characteristic curve
(AUC), in women increased by 25[OH]D in all models,
although the absolute incremental value in the widely adjusted model 2 was only modest (0.832 vs. 0.843). This
was confirmed by two other measures for accuracy (integrated discrimination improvement and net reclassification index). By contrast, C statistics showed virtually no
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TABLE 3. Sex-stratifieda hazard ratios (95% CI) for incident CHD according to baseline concentrations of 25关OH兴D
Tertiles of 25关OH兴D
T1
T2
T3
Median [lower-upper limit] (nmol/liter)
Men

27.0
关5.08; 35.02兴
b

Model 1
Model 2c
Model 3d
Women

Model 1b
Model 2c
Model 3d

43.5
关35.03; 54.13兴

HR
HR (95% CI)
1.0
0.53 (0.36 – 0.78)
1.0
0.60 (0.40 – 0.91)
1.0
0.66 (0.43–1.02)
Median [lower-upper limit]

P for
trend

AUC without
vitamin D

AUC with
vitamin D

⌬AUC

66.9
关54.14; 153.92兴
HR (95% CI)
0.56 (0.38 – 0.82)
0.76 (0.49 –1.17)
0.84 (0.52–1.35)
(nmol/liter)

26.4
关9.87; 33.15兴

39.6
关33.16; 47.69兴

58.5
关47.70; 127.69兴

HR
1.0
1.0
1.0

HR (95% CI)
0.68 (0.39 –1.17)
0.69 (0.37–1.28)
0.67 (0.35–1.29)

HR (95% CI)
0.32 (0.16 – 0.65)
0.39 (0.18 – 0.84)
0.42 (0.19 – 0.93)

0.005
0.215
0.461

0.762
0.800
0.810

0.770
0.801
0.810

0.008
0.001
0.000

0.001
0.013
0.028

0.770
0.832
0.862

0.788
0.843
0.869

0.018
0.011
0.007

a
Interaction analyses using likelihood ratio tests showed significant interaction of 25关OH兴D with sex in model 3 (P ⬍ 0.05), whereas no statistically
significant interaction was found in model 2 (P ⫽ 0.06) and in model 1 (P ⬎ 0.1).
b

Adjustment for age, sex, season, and survey.

c

Additional adjustment for body mass index, smoking, physical activity, alcohol, systolic blood pressure, total cholesterol/HDL, or parental history
of MI.
d

Additional adjustment for CRP, IL-6, sICAM-1, and IP-10.

incremental benefit for the addition of 25[OH]D in men
(data not shown).
Supplemental Fig. 1 shows the distribution of 25[OH]D levels in men and women. The 25[OH]D levels were somewhat
lower in women, the median was 43.5 nmol/liter in men and
39.6 nmol/liter in women.

Discussion
In this prospective, population-based study in initially
healthy middle-aged men and women from the general
population we found an independent inverse association
between vitamin D and the risk of incident CHD after
adjustment for various established cardiovascular risk factors. Risk of incident CHD was more than halved in
women with 25[OH]D levels above 47.7 nmol/liter in the
fully adjusted model 3, which clearly is overadjusted, taking into account that in this setting inflammatory parameters may reflect mediators of disease instead of confounding factors. Risk in men was lower, which may be due to
the statistically significant higher vitamin D levels (P ⬍
0.001). Also, the nonlinear decrease in risk in men could
be attributable to certain overadjustment in models 2 and
3. Although the incremental value in AUC observed with
vitamin D was small, it might yet be clinically relevant,
given the relative insensitivity of the AUC for detecting
moderately sized effects. For example, even widely established cardiovascular risk factors such as systolic blood

pressure and cholesterol are associated with only small
incremental gains in the AUC for the prediction of cardiovascular events (21).
Pathophysiological role of vitamin D in
atherogenesis
The fact that there is a higher rate of CHD in northern
than in southern Europe, and data from the United States
that the higher the altitude of residence and hence the
greater the sunlight intensity, the lower is the risk of CHD,
suggest that susceptibility to CHD is affected by duration
of exposure to sunlight (22). In addition, the only dietary
change that consistently protects against CHD is increased
consumption of fish, which contains large amounts of vitamin D (23). Although we cannot establish causality in
our prospective observational study, multiple potential
mechanisms can be considered for the observed protective
effect of vitamin D. Major direct beneficial key mechanisms
of vitamin D are the inhibition of exaggerated proliferation
of cardiomyocytes by suppression of protooncogenes such as
c-myc, down-regulation of several components of the reninangiotensin system in the kidney, suppression of gene expression of natriuretic peptides by liganded VDR, and
down-regulation of matrix metalloproteinase-2 and matrix metalloproteinase-9 with simultaneous up-regulation
of tissue inhibitor of metalloproteinase-1 and tissue inhibitor of metalloproteinase-3 (24 –28). Furthermore, in a
cross-sectional study of 280 patients with type 2 diabetes,
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25[OH]D status was significantly associated with brachial
artery flow-mediated dilatation and circulating endothelial progenitor cells (CD133⫹/KDR⫹), suggesting that vitamin D deficiency might contribute to atherosclerotic disease by depletion of endothelial progenitor cells and
endothelial dysfunction (29). This finding was confirmed
in mainly nondiabetic individuals in an almost simultaneously published report (30). Here the authors evaluated
25[OH]D levels, endothelial function as assessed by brachial artery flow-mediated dilation, microvascular function as assessed by digital reactive hyperemia index, and
arterial stiffness in 554 subjects and clearly showed that
vitamin D deficiency is associated with increased arterial
stiffness and endothelial dysfunction in the conductance
and resistance blood vessels, irrespective of traditional
cardiovascular risk burden. Indirect effects of vitamin D
on the myocardium are mainly mediated through PTH.
Elevated levels of PTH are observed in patients with vitamin D deficiency to maintain normal calcium levels and
have been associated with hypertension, diabetes, dyslipidemia, and increased risk of cardiovascular diseases (31).
Recently Takeda et al. (32) published the first animal study
showing the beneficial actions of vitamin D in the treatment of atherosclerosis. Using a mouse model, they demonstrated that orally administered 25[OH]D led to a
marked reduction in atherosclerotic lesion formation by
changing the function and differentiation of dendritic cells
and regulatory T cells with subsequent increased IL-10
and decreased IL-12 mRNA expression. In a subset of
experiments, they were able to demonstrate similar immune mechanisms involved in atherosclerosis compared
with other autoimmune disorders. The cell types investigated were major players in immune reactions in autoimmune diseases, including type 1 diabetes, rheumatoid arthritis, lupus, and osteoporosis, diseases in which vitamin
D supplementation may be beneficial or is even currently
prescribed (33).
Potential sex-specific role of vitamin D in
atherogenesis
Because we observed a stronger inverse association in
women, how can the sex-specific effect be explained? Several previous studies have already reported sex differences,
assuming that various hormones, especially estrogen, may
result in differential responsiveness to vitamin D in men
and women. This may arise from increased VDR gene
transcript levels, protein expression, and endogenous vitamin D bioactivity, leading to more pronounced antiproliferative and antiapoptotic effects in women (34, 35). As
a consequence, Correale et al. (36) could demonstrate
stronger vitamin D-dependent immunomodulatory effects in women, like inhibition of self-reactive T cell pro-
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liferation and reduction in interferon-␥- and IL-17-secreting cell numbers. They also found fewer CYP24A1
transcripts encoding the vitamin D-inactivating enzyme as
well as greater binding and internalization of vitamin Dbinding protein in women, a transporter for vitamin D and
its metabolites. Interestingly, 17-␤ estradiol reproduced
these effects on self-reactive T cells and macrophages from
male subjects, suggesting a functional synergy between
vitamin D and 17-␤ estradiol, mediated through estrogen
receptor-␣. Taken together, this implies that in women a
proper vitamin D supply exerts more beneficial effects on
human metabolism than in men, most probably due to the
potentiating effect of estrogen and its derivatives.
Accordingly, in a recent publication, we demonstrated
the beneficial effects of elevated levels of 25[OH]D on
incident diabetes in the MONICA/KORA population, and
stratified analyses revealed stronger associations in
younger (⬍52 yr) than in older (ⱖ52 yr) women (37). Due
to low numbers of women younger than 52 yr (statistical
age of menopause), we were not able to perform age-stratified analyses in this study. Because menopause is associated with dramatic changes in hormone levels, bone mineral metabolism, cardiovascular physiology, and overall
physiology, the statistically supported finding that the relationship between vitamin D and CHD in our study is
stronger in women might also be attributable to menopause and postmenopausal women only.
Vitamin D and risk of CHD
The present report represents a large single-center study
assessing the association of 25[OH]D with incident CHD.
Three recent studies have addressed this issue: in the Framingham Offspring prospective study, involving a total of
1739 participants, 120 subjects developed incident CHD
after a mean follow-up of 5.4 yr (38). The study yielded a
HR of 1.81 (95% CI 1.03–3.18; P ⫽ 0.01) comparing
extreme tertiles of vitamin D in a three-category model
with the highest tertile as the reference category. However,
this study has several shortcomings. In addition to the
relatively low number of end points, the authors missed
eminent adjustments, especially for season that is well
known to be associated with variable vitamin D levels due
to different sun exposure in summer and winter. More
recently, in a study based on the MINI-Finland Health
Survey, vitamin D was measured in 6219 middle-aged men
and women (39). During a median follow-up of 27.1 yr,
640 CHD deaths were identified. In contrast to the Framingham study, the authors could not confirm an independent association of vitamin D with CHD deaths after
adjustment for season and traditional cardiovascular risk
factors (HR comparing extreme quintiles: 0.91; 95% CI
0.70 to 1.18; P ⫽ 0.20). Contrary to this finding, in the
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Cardiovascular Health Study, each 10-ng/ml lower vitamin D concentration was associated with a 9% (95% CI
2–17%) greater relative hazard of mortality and a 25%
(95% CI 8 – 44%) greater relative hazard of MI (40). As a
limitation, this finding is applicable only to older adults
because only men and women aged 65 yr and older were
enrolled. Most recently, in accordance with our data, preliminary results from the National Health and Nutrition
Examination Survey III study suggested that vitamin D
deficiency is linked to fatal stroke: over a median of 14 yr,
Caucasians with levels of 25-hydroxyvitamin D below 15
ng/ml (37.5 nmol/liter) had twice the risk of dying from
stroke compared with those with higher levels (HR 2.13;
95% CI 1.01– 4.50) (41). Yet results had not been adjusted
for season of blood draw.
Our findings provide additional evidence for a significant role of vitamin D in the pathophysiology of CHD. It
represents the first prospective study on 25[OH]D and
CHD risk that included a large panel of markers of subclinical inflammation. Inclusion of these markers in the
regression models indicated that subclinical inflammation
could be one mediating factor linking a low vitamin D
status with the development of CHD. Even after extensive
adjustments including markers of inflammation, the present study, involving 1783 men and women, indicates that
low levels of circulating 25[OH]D predict future risk of
CHD, especially in women, thereby further strengthening
a potential role for vitamin D in atherosclerosis. Furthermore, the study suggests a modulating role of sex hormones, which needs to be clarified in further studies.
Of special note, according to The Endocrine Society
Clinical Practice Guidelines 2011, greater than 50% of
our population are considered as vitamin D deficient (42).
Although in this study the median 25[OH]D level was
43.5 nmol/liter in men and 39.6 nmol/liter in women, according to current guidelines, vitamin D deficiency is defined as a 25[OH]D concentration below 50 nmol/liter (20
ng/ml).
Limitations and strengths of the study
This study has several limitations that need to be addressed. First, the number of female cases was considerably lower than male cases. Second, 25[OH]D was measured at a single time point. However, in a prior study a
strong correlation between two measurements of
25[OH]D taken 3 yr apart was shown (43). Third, we do
not have data on comedication influencing bone metabolism and thereby altering vitamin D levels in serum; however, because blood was drawn at baseline in initially
healthy subjects, this might only be a minor issue. Lastly,
we do not have data on other metabolites of bone metab-
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olism (e.g. PTH or calcium) available, which might have
provided further insights.
Our study has also several strengths, which include the
population-based prospective design conducted in initially healthy subjects, the simultaneous measurement of
several markers of inflammation, a long follow-up period
of more than10 yr, the minimization of the likelihood of
a survival bias because fatal and nonfatal coronary events
were included in our study, and the careful adjustment for
the conventional and several emerging risk factors in multivariable analyses.
Conclusion
In this large prospective case-cohort study, vitamin D
(measured as 25-hydroxyvitamin D) predicted future coronary events in apparently healthy, middle-aged women
independently of the conventional lipid profile, other traditional cardiovascular risk factors, and sensitive markers
of inflammation. In unadjusted analyses, an inverse association was also seen in men, which, however, became
nonsignificant after adjustment for traditional risk factors. The current evidence may imply screening for vitamin D deficiency in those who are at high risk for CHD.
Nevertheless, a randomized, placebo-controlled trial, the
Vitamin D and Omega-3 Trial (www.vitalstudy.org),
funded by the National Institutes of Health, is currently
investigating whether daily vitamin D supplementation
reduces incident heart disease, stroke, or cancer, and physicians should certainly await those results before endorsing widespread screening and treatment programs for vitamin D deficiency. Further clinical and experimental
studies are needed to fully understand sex differences and
whether supplementation with vitamin D might contribute to the prevention of cardiovascular disease.
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