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Abstract
Objective: To investigate the relationship between vitamin D status in healthy women and
cardiovascular outcome.
Design and methods: Between 1990 and 1993, 2016 healthy, recently postmenopausal women were
enrolled in the Danish Osteoporosis Prevention Study. Serum levels of 25-hydroxyvitamin D (25(OH)D,
nmol/l) were measured at baseline. Participants were followed for 16 years. The primary end point was a
combination of death, heart failure, myocardial infarction (MI) and stroke. Vitamin D deficiency was defined
as serum 25(OH)D!50 nmol/l. The primary end point was adjusted for other risk factors of adverse
cardiovascular events (age, smoking, blood pressure, hip–waist ratio, education and family history of MI).
Results: At baseline, mean age was 50 years and BMI 25. Women with vitamin D deficiency (nZ788) had
more cardiovascular risk factors than vitamin D-replete women (nZ1225). Compared with vitamin
D-replete women, women with low 25(OH)D levels had significantly higher BMI and triglycerides, lower
HDL and hip–waist ratio and less education. More were smokers among the vitamin D deficient (47 vs 38%).
A primary end point was experienced by 118 (15%) with vitamin D deficiency and by 125 (10%) of
the vitamin D replete. Hazard ratio (HR) was 1.49 (95% confidence interval: 1.16–1.92; PZ0.002)
in the vitamin D deficient. Adjusted HR was 1.32 (1.02–1.71; PZ0.03). In total, 135 women died; of
these, 65 (8%) were of the vitamin D deficient and 70 (6%) in the vitamin D-replete group; unadjusted
HR was 1.44 (1.02–2.01; PZ0.04) for vitamin D deficiency.
Conclusion: Healthy women with vitamin D deficiency have increased risk of adverse cardiovascular outcome.
European Journal of Endocrinology 167 553–560

Introduction
Recently, a large observational study found vitamin D
deficiency to be associated with an increased risk of
coronary artery disease, diabetes, cardiomyopathy,
hypertension and all-cause death (1). The theory of a
relationship between vitamin D and cardiovascular
disease (CVD) and mortality is not new (2, 3, 4, 5,
6, 7, 8). The main dispute remains whether vitamin D is
just a marker for a worse prognosis (9, 10) potentially
explained by other factors, as vitamin D deficiency
has also been associated with obesity (1, 2, 11),
smoking (2), ageing (1, 12, 13) and less physical
activity (2, 11). Though the major source of vitamin D
is dermal production triggered by the sun (3, 14),
vitamin D is also ingested and could thus be a marker of
general diet composition. In this study, we have had the
opportunity to adjust for various lifestyle factors
q 2012 European Society of Endocrinology

including degree of education, leisure time physical
activity and importantly diet. CVD may have a different
pattern in men and women, and studying men and
women separately eliminates some of the variation.
The aim was to investigate whether baseline
vitamin D status in healthy postmenopausal women
predicted cardiovascular outcome or mortality, when
adjusting for important confounders that are common
risk factors for vitamin D deficiency and CVD.

Materials and methods
Study subjects
The Danish Osteoporosis Prevention Study (DOPS) is
a prospective multicentre trial evaluating the effect of
postmenopausal hormone therapy (HT) as primary
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prevention of osteoporotic fractures. Women included in
the study fulfilled the following criteria: healthy, recent
postmenopausal Caucasian women aged 45–58 years,
with last menstrual bleeding 3–24 months before study
entry or perimenopausal symptoms (including irregular
menstruations) in combination with postmenopausal
serum FSH (FSH more than 2S.D. above the premenopausal mean). Hysterectomised women were included
if aged 45–52 years, provided they had elevated
postmenopausal serum FSH. Exclusion criteria were
history of bone disease (including non-traumatic
vertebral fractures on X-ray), uncontrolled chronic
disease, previous or current cancer or thromboembolic
disease, current or past treatment with glucocorticoids
O6 months, current or previous HT use within the
past 3 months or alcohol or drug addiction. Between
1990 and 1993, 2016 women were enrolled in a
prospectively followed cohort, and of these, 1006 were
randomly allocated to receive either HT or no treatment
(502 on HT); the remaining 1010 women had personal
choice (221 opted for HT). Two thousand and thirteen
had baseline measurements of 25-hydroxyvitamin D
(25(OH)D). Recruitment has previously been described
in detail (14). Subjects gave informed consent before the
study, which was conducted according to Helsinki II.
The study was approved by the Central and Regional
Ethics Committee (# 1990/1821) and monitored by
the Good Clinical Practice (GCP) unit at University of
Aarhus, Denmark (ClinicalTrials.gov NCT00252408).

Biochemistry
Blood samples were collected at baseline after overnight
fasting and serum was stored at K80 8C for later analysis.
Serum levels of 25(OH)D (nmol/l) were measured by
RIA, preceded by specific extraction procedures with
ether, preliminary chromatography and a competitive
binding assay, using rat kidney-derived receptor binding
protein (15). This method includes both vitamin D2 and
D3 metabolites. The limit of detection was 12.5 nmol/l;
intra- and interassay coefficients of variation were 8.3
and 10.2% respectively.
Serum levels of intact parathyroid hormone (PTH)
were measured at inclusion in 1095 subjects by DPC
Immulite (chemiluminescense) with an interassay
coefficient of variation of 11% and an intra-assay
coefficient of variation of 6%. Due to the smaller fraction
of women with baseline measurements of PTH, it is
not included in the final model. Baseline level of
triglycerides was measured in 1437 women (71%)
and thus is also not included in the final model.

Diet records
The participants recorded daily intakes of food and
beverages after being given oral and written instructions at baseline using 4- or 7-day diet records. Intakes
did not differ between 4- and 7-day food records (16).
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A trained dietician used food models and photographs
during a 15-min individual validation interview to
evaluate serving sizes and cooking habits. The diet
content of calcium and vitamin D was analysed using a
computerised database (‘Dankost’, software version
1.3b), containing information on diet composition
based on official Danish food tables. The variation
coefficient for intake of calcium from one measurement
to the next was 15%, and for vitamin D intake, it was 28%.
For the calculation of daily intakes, we added supplements of calcium and vitamin D. Moreover, smoking and
alcohol consumption was registered at inclusion.

Clinical measurements
At baseline, BMI (kg/m2) was calculated from height
and weight. Subjects were interviewed regarding
lifestyle habits, including physical activity and gynaecological history. Family history of myocardial infarction
(MI) was noted.

Assessment of mortality and hospitalisation
due to CVD
The primary end point for this study was a combination
of death, hospitalisation due to MI, heart failure (HF) or
stroke. Secondary end points were the individual
components of the primary end point.
On June 16, 2008, we ended our follow-up period by
retrieving data on all studied subjects from the Danish
Civil Registration System and the National Hospital
Discharge Register. In the Danish Civil Registration
System, we identified all women who had died or
emigrated during follow-up, as this register has electronic
records on all changes in vital status, including change of
address and date of death or emigration for the entire
Danish population since 1968.
We identified women who had been hospitalised due to
a CVD using the Danish National Hospital Discharge
Register, which covers all contacts to the hospitals. The
register was founded in 1977 and includes information on
discharge diagnoses and date of discharge assigned
exclusively by the physician at discharge according to
the Danish version of ICD-8 until the end of 1993 and to
the Danish version of the ICD-10 from 1994. The register
has nationwide coverage of hospitals with an almost
100% completeness of recordings and a high precision
of diagnoses (17). Using this register, we identified all
study participants who had been assigned a diagnosis of
CVD – classified as MI (ICD-10 code I21), HF (ICD-10 code
I42CI50) and stroke (ICD-10 code I60-69). For the
combined end point, the date of first incident was used.

Statistical analysis
Unless otherwise stated, all data are expressed as mean
and S.D. Vitamin D deficiency is defined as 25(OH)D
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levels !50 nmol/l; if used as a continuous variable,
levels of 25(OH)D was log transformed. The first
incident diagnosed was used, and some women
experienced more than one event; therefore, the
number of composite end points appears lower than
the addition of each component. All tests were two
sided, and a P value !0.05 was considered statistically
significant. Dichotomous variables were tested with a c2
test and continuous variables were tested with Student’s
t-test. Survival data and composite end point are
presented using the Kaplan–Meier method and univariate and multivariable adjustments were performed
using Cox proportional hazards regression analyses
calculating hazard ratio (HR) with 95% confidence
intervals (CI). Model assumption including linearity of
continuous variables and the proportional hazards
assumption were tested and found to be valid unless
otherwise indicated. In the multivariable analysis and in
the Cox regression analysis, stepwise elimination (if
PO0.10) of insignificant variables was made. Statistical
analyses were made with SAS version 9.2 (SAS Institute
Inc., Cary, NC, USA).

Results
Baseline characteristics of vitamin D-deficient and
vitamin D-replete women are given in Table 1. Mean
age was 50 years, and 788 (39%) women had vitamin D
deficiency.
Compared with vitamin D-replete women, women
with vitamin D deficiency had lower hip–waist ratio and
HDL and higher BMI, triglycerides, PTH and a trend
towards higher fasting blood glucose. The vitamin
D-deficient women were less physically active and less
educated, more had a family history of MI and more
were smokers. In addition, total daily energy intake
as well as dietary intake of protein, calcium and
vitamin D differed between groups with higher intakes
in the vitamin D-replete compared with the vitamin
D-deficient women (Table 1). Only 11 women took
calcium supplements, while 55% took over-the-counter
vitamin tablets – mainly multivitamins – containing
5 mg vitamin D. Dietary intake of vitamin D was
primarily from meat, fish and eggs. Age was not
correlated with 25(OH)D in this population. Levels of
25(OH)D was associated with intake of several
nutrients, but none of the nutrients had any influence
on the primary outcome. PTH correlated with 25-OHD
and the Pearson correlation coefficient was K0.164,
P!0.001.

Clinical outcome
One hundred and twenty-five (10%) vitamin D-replete
women and 118 (15%) vitamin D-deficient women
experienced a primary end point. Overall CVD rates
were low; 135 women died and few were hospitalised
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Table 1 Baseline characteristics stratified on vitamin D status.
Continuous variables are given as mean and S.D. in parenthesis.

Age (years)
BMI (kg/m2)
Hip/waist ratio
Systolic blood
pressure (mmHg)
Diastolic blood
pressure (mmHg)
Triglycerides
(mmol/l)*
HDL (mmol/l)*
LDL (mmol/l)*
Fasting glucose
(mmol/l)
Total calcium
(mmol/l)*
25(OH)D (nmol/l)
PTH (pmol/l)*
Exercise (h/week)
Postmenopausal
hormone treatment
Smoking (yes)
Family history of MI
Number of cheroots/
cigarettes
Daily intake
Energy (kJ)
Protein (g)
Fat (g)
Sodium (mg)
Calcium (mg)
Vitamin D (mg)

25(OH)D
!50 nmol/l
(nZ788)

25(OH)D
R50 nmol/l
(nZ1225)

P value
(t-test)

50.0 (2.8)
25.6 (4.7)
1.27 (0.13)
132 (21)

50.2 (2.9)
24.8 (4.0)
1.28 (0.12)
131 (19)

0.40
!0.001
0.04
0.21

83 (11)

82 (11)

0.075

1.22 (0.03)

1.13 (0.02)

0.01

1.69 (0.43)
3.91 (1.04)
4.70 (0.71)

1.76 (0.45)
3.86 (0.98)
4.64 (0.68)

0.002
0.39
0.055

2.34 (0.14)

2.34 (0.09)

0.82

35 (10)
4.3 (2.4)
5.51 (5.11)
279 (35%)

80 (26)
3.9 (1.9)
6.28 (4.84)
441 (36%)

!0.001
0.006
!0.001
0.79

369 (47%)
66 (9%)
7.1 (9.0)

462 (36%)
64 (5%)
5.4 (8.3)

!0.001
0.005
!0.001

7553 (1824)
65 (15)
77 (24)
2137 (631)
837 (327)
2.72 (2.41)

7779 (1855)
67 (17)
78 (24)
2146 (614)
874 (344)
3.28 (3.31)

0.009
0.005
0.33
0.77
0.021
!0.001

All variables with more than 5% missing data are denoted with an asterisk.

due to a MI (nZ35), HF (nZ18) or stroke (nZ89)
during the 16 years of follow-up.
Primary end point The composite end point (mortality,
MI, HF or stroke) was experienced by 243 women: 118
(15.0%) with vitamin D deficiency and 125 (10.2%)
who were vitamin D replete. Accordingly, as shown in
Table 2 and Fig. 1, vitamin D deficiency was associated
with an increased risk of the primary end point (HR: 1.49,
CI: 1.16–1.92, PZ0.002).
Adjustment for age, family history of MI, tobacco use,
systolic blood pressure, level of education and hip–waist
ratio did not change risk estimates to any major degree
(HR: 1.32; CI: 1.02–1.71, PZ0.034; Table 2). Adding
PTH to the final model did not change the risk estimate
of vitamin D deficiency (HR: 1.30, CI: 0.92–1.85).
Levels of triglycerides at baseline were also associated
with an increased risk of the primary end point;
however, if triglycerides were added to the model, it
did not change the risk estimate for vitamin D
deficiency. Leisure time physical activity was significantly associated with 25(OH)D (P!0.0001) but did
not correlate with any of the outcome measures and
hence was not included in the final model.
www.eje-online.org
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Table 2 Components of the primary end point and the composite end point stratified by 25(OH)D at baseline with univariate and adjusted
(multivariable) hazard ratios (HR) of events in vitamin D-deficient (nZ788) vs vitamin D-replete (nZ1225) participants.
Events (%)

Mortality
Heart failure
Myocardial infarction
Stroke
Composite end point
a

HR (95% CI)

HR (95% CI)

Vitamin D deficient

Vitamin D replete

Univariate

P value

Multivariablea

P value

65 (8.3)
10 (1.3)
13 (1.7)
47 (6.0)
118 (15.0)

70 (5.7)
8 (0.7)
22 (1.8)
42 (3.4)
125 (10.2)

1.44 (1.02–2.01)
1.97 (0.78–4.99)
0.93 (0.47–1.84)
1.76 (1.16–2.67)
1.49 (1.16–1.92)

0.036
0.153
0.824
0.008
0.002

1.18 (0.84–1.67)
1.88 (0.71–5.01)
0.83 (0.41–1.67)
1.68 (1.10–2.56)
1.32 (1.02–1.71)

0.341
0.206
0.596
0.017
0.034

Other significant variables in the adjusted model were age, smoking, blood pressure, family history of MI, education and hip/waist ratio.

Smoking was in univariate analysis associated with a
HR of 2.26 (CI: 1.75–2.93, P!0.0001) and each
cigarette or cheroot/day was associated with a HR of
1.043 (CI: 1.031–1.056, P!0.0001) for the primary
end point. Smoking (as a dichotome variable) as well as
number of cigarettes/cheroots per day correlated
inversely to 25(OH)D (P!0.001). Table 3 shows the
HRs associated with vitamin D deficiency for the
primary end point, stratified by smoking status. For
other predictors of the primary end point included in
the final model, please see Table 4.
Secondary end points In univariate analysis, vitamin
D deficiency was associated with an increased risk
of death; 70 (5.7%) vitamin D-replete women and
65 (8.3%) vitamin D-deficient women died (HR: 1.44,
CI: 1.02–2.01, PZ0.04; Fig. 2), but after adjustment,
risk was no longer significantly increased (HR: 1.18,
CI: 0.84–1.67, PZ0.34). HF was diagnosed in 18
participants, ten (0.7%) vitamin D replete and eight
(1.3%) vitamin D deficient (HR: 1.97, CI: 0.78–4.99,
PZ0.15), MI in 35 participants (22 (1.8%) and 13
(1.7%) respectively), HR: 0.93 (CI: 0.47–1.84, PZ0.82)
and stroke in 89 women (42 (3.4%) vitamin D replete
and 47 (6.0%) with vitamin D deficiency), HR: 1.76
(CI: 1.16–2.67, PZ0.0075). There was no interaction
between vitamin D deficiency and any of the other
variables in the model.
Table 2 shows the number of events and the risk of
the individual component of the primary end point.
In crude as well as adjusted analysis, risk of stroke
was significantly increased in the vitamin D-deficient
women, whereas vitamin D deficiency was not associated with increased risk of hospitalisation due to
HF or MI.

hip–waist ratio did not obliterate the association. Importantly, we had information about physical activity and
diet, but these were not – as often suggested – significant
confounders in relation to 25(OH)D and outcome.
As 25(OH)D levels are inversely correlated with
increasing tobacco use (2), it could be speculated that
25(OH)D levels in regard to cardiovascular outcome
is a marker of smoking habits. However, by dividing the
population into smokers and non-smokers, we found
that vitamin D deficiency was associated with a higher
HR (not statistically significant) for the primary end
point in non-smokers than in smokers, and thus no
indication of the suggested interpretation.
It is not surprising that vitamin D deficiency is
associated with mortality and adverse cardiovascular
events. Vitamin D has important physiological functions
beyond bone and calcium metabolism; thus, vitamin D
receptors are expressed in skeletal and in cardiac
muscle, indicating a potential functional role (18).
Vitamin D deficiency leads to reduced calcium absorption and impaired muscle function (19, 20). Furthermore, the activated form of vitamin D, 1,25(OH)2D, has
been found to inhibit rennin–angiotensin activation
(21, 22), reduce cardiac myocyte hypertrophy (23) and
reduce inflammation (24, 25).
HR: 1.49 (CI: 1.16–1.92)

Vitamin D deficient

0.1

Vitamin D replete

Discussion
In this population of 2013 healthy postmenopausal
women, we found baseline 25(OH)D to be a predictor of
later mortality or cardiovascular events. Even though
sufficient 25(OH)D levels are associated with a healthier
lifestyle, adjusting for important parameters such as
smoking, blood pressure, age, family history of MI and

P = 0.002

0.0
0

5

10

15

20

Years
Figure 1 Risk of composite end point (death or hospitalisation due
to heart failure, myocardial infarction or stroke) during 16 years of
follow-up in 2013 postmenopausal women stratified according to
vitamin D at baseline.
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Table 3 Occurrence of composite end point divided according to
smoking habits (number (%)) in vitamin D-sufficient and -deficient
groups with hazard ratio (HR) of composite end point or mortality in
vitamin D-deficient compared with vitamin D-replete participants.
Events
n (% of subgroup)
Composite
end point

Vitamin D
deficient

Vitamin D
replete

HR
(95% CI)

Smokers
Non-smokers

74 (20.1)
44 (10.5)

72 (15.8) 1.32 (0.97–1.83)
53 (7.0) 1.52 (1.02–2.26)
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P value
0.091
0.041

The mean intake of vitamin D in DOPS women was
3.06 mg/day, which is markedly lower than the
recommendations by IOM of 600 IU (15 mg) per day
(recommending up to 4000 IU/day as tolerable) (26).
Even the vitamin D-replete women had a mean intake of
vitamin D of !5 mg/day. We did not see any effect of the
intake of vitamin D on outcome in our material – this is
in line with previous findings (27). Furthermore, there
was no effect of calcium intake on the primary end point
nor on mortality or MI. These findings may contrast
with earlier studies finding increased risk of MI (and
possibly, though not significantly, mortality) with
calcium supplements (28). However, in a recent study
of 38 772 older women, a reduced risk of mortality was
reported with the use of calcium supplements (29).
Also, a recent meta-analysis of randomised controlled
trials supports the positive effects of vitamin D along
with calcium, whereas vitamin D supplements alone
were not found to reduce mortality (30). In another
recent review and meta-analysis, the authors did not
find significant reductions in mortality nor in cardiovascular risk associated with vitamin D supplementation (31). In most of the trials, the included
subjects were not vitamin D deficient and doses were
small (%800 IU/day). Thus, only in a limited selection
did vitamin D-deficient subjects reach vitamin D
repletion, and intervention was not long. Together,
the evidence of effect of vitamin D on mortality or
cardiovascular outcome still remains to be evaluated in
large randomised controlled trials including vitamin
D-deficient subjects and larger doses (R50 mg/day)
of D3 for a prolonged period. Other meta-analyses
describe reduced mortality with vitamin D supplements
in randomised trials (32, 33).
The increase in cardiovascular morbidity with
vitamin D deficiency seen in DOPS as well as in other
populations, where up to a double 5-year risk of coronary
heart disease with severe vitamin D deficiency (34) has
been reported, seem biologically plausible. Vitamin D
(25-OHD) is related to vascular endothelial function
in healthy older adults (24). In 554 healthy subjects,
25(OH)D correlated with vascular function in subjects
without traditional risk factors as well as in subjects
with a number of risk factors, after adjusting for several
confounders. Moreover, in subjects, that corrected
vitamin D insufficiency an improvement in vascular

function was seen (35). In a randomised trial, vitamin D
supplements reduced arterial stiffness (36). Also in
patients with type 2 diabetes and vitamin D deficiency,
vitamin D treatment improved endothelial function (37).
This may, partly, account for the association between
vitamin D deficiency and hypertension (1, 38, 39).
Vitamin D supplements to elderly women have shown
to increase the oxidative muscle enzymes citrate synthase
and 3-hydroxyacyl-CoA-dehydrogenase – this is a marker
of improved muscle function (40). Also in children, the
association between vitamin D and cardiac morbidity
seems to be present – as seen in the NHANES study where
vitamin D deficiency was associated with hypertension,
low HDL-cholesterol levels and elevated PTH levels (39).
Another possible cardio-protective effect of vitamin D
may be via lipid regulation, as the association between
vitamin D deficiency and a less favourable lipid profile has
been reported earlier (1, 2, 11, 13, 41). The positive
correlation between 25(OH)D and HDL in postmenopausal women also seen in DOPS has previously been
investigated and the subclass of large HDL was accounting
for the difference (42). The positive correlation between
25(OH)D and HDL and inverse correlation of 25(OH)D
with triglycerides are in line with the increased intima
media thickness seen in subjects with carotid plaques from
The Northern Manhattan Study (43). Finally, vitamin D
may also act – indirectly – through PTH. Vitamin D
deficiency leads to reduced calcium absorption with a
tendency towards hypocalcaemia, which stimulates PTH
secretion. Thus, decreasing vitamin D leads to increasing
levels of PTH (44). Increased PTH for longer periods of
time may indeed have harmful effects on the cardiovascular system (7, 45, 46, 47, 48, 49). The possible
effects of vitamin D on the cardiovascular system
have been discussed thoroughly in several overviews
(50, 51, 52, 53).
Some studies have found the highest levels of 25-OHD
to be associated with increasing mortality (26, 54, 55),
but we did not find this association in our material (data
not shown). This may be due to residual confounding or
differences of the populations, as the DOPS women were
healthy at baseline, whereas other studies have included
patients referred to testing for different reasons (54) or
were population based (55).
Table 4 Predictors of the primary end point – results from
multivariable analysis.
Composite end point
Full model
n /events
Vitamin D deficiency
Age (years)
Blood pressure (mmHg)
Hip–waist ratio
Family history of MI (y/n)
Smoking (y/n)
Degree of education

HR (CI)

P value

1972 (240)
1.321 (1.022–1.707)
1.084 (1.037–1.133)
1.014 (1.008–1.020)
0.248 (0.091–0.672)
1.664 (1.069–2.527)
2.321 (1.775–3.007)
0.819 (0.675–0.993)

0.033
!0.001
!0.001
0.006
0.017
!0.001
0.043

www.eje-online.org

Downloaded from Bioscientifica.com at 02/23/2020 11:47:40PM
via free access

558

L L Schierbeck and others

EUROPEAN JOURNAL OF ENDOCRINOLOGY (2012) 167

funding source: the sponsors of the study had no role in study design,
data collection, data analysis, data interpretation or writing the
report. Authors had full access to the data in the study and the final
responsibility for the decision to submit for publication.

HR: 1.44 (CI: 1.02–2.01)
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Years
Figure 2 Risk of all-cause mortality during 16 years of follow-up
in 2013 postmenopausal women stratified according to vitamin D
at baseline.

A limitation is the observational nature of this study,
which makes the causality uncertain. The population
is – on the other hand – very well described at baseline,
with several risk factors believed to be shared between
vitamin D deficiency and cardiovascular disease,
including family history, hip–waist ratio, blood pressure,
smoking status, educational level, sedentary lifestyle
and nutrition. Additionally, changes in intake of
calcium and vitamin D supplements may have changed
over time as these are available over-the-counter. This
could potentially explain the lack of association between
calcium intake and prognosis. However, it cannot
explain the association between baseline 25(OH)D levels
and prognosis. If important changes in intake occurred,
this would tend to reduce the association between
baseline values and long-term prognosis. Also, baseline
vitamin D was only measured once at inclusion. Thus,
patients may have seasonal fluctuations that would
tend to diminish the association between 25(OH)D and
outcome.
In conclusion, vitamin D deficiency is associated with
lifestyle factors that have also been linked to adverse
cardiovascular outcome. Even after adjusting for the
variables that were important for the primary outcome,
vitamin D deficiency was, in this population of healthy
postmenopausal women, associated with increased risk
of mortality, MI, HF or stroke.
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