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Recent evidence supports an association between vitamin D deficiency and hypertension,
peripheral vascular disease, diabetes mellitus, metabolic syndrome, coronary artery disease, and
heart failure. The effect of vitamin D supplementation, however, has not been well studied. We
examined the associations between vitamin D deficiency, vitamin D supplementation, and
patient outcomes in a large cohort. Serum vitamin D measurements for 5 years and 8 months
from a large academic institution were matched to patient demographic, physiologic, and
disease variables. The vitamin D levels were analyzed as a continuous variable and as normal
(>30 ng/ml) or deficient (<30 ng/ml). Descriptive statistics, univariate analysis, multivariate
analysis, survival analysis, and Cox proportional hazard modeling were performed. Of 10,899
patients, the mean age was 58 ⴞ 15 years, 71% were women (n ⴝ 7,758), and the average body
mass index was 30 ⴞ 8 kg/m2. The mean serum vitamin D level was 24.1 ⴞ 13.6 ng/ml. Of the
10,899 patients, 3,294 (29.7%) were in the normal vitamin D range and 7,665 (70.3%) were
deficient. Vitamin D deficiency was associated with several cardiovascular-related diseases,
including hypertension, coronary artery disease, cardiomyopathy, and diabetes (all p <0.05).
Vitamin D deficiency was a strong independent predictor of all-cause death (odds ratios 2.64,
95% confidence interval 1.901 to 3.662, p <0.0001) after adjusting for multiple clinical variables. Vitamin D supplementation conferred substantial survival benefit (odds ratio for death
0.39, 95% confidence interval 0.277 to 0.534, p <0.0001). In conclusion, vitamin D deficiency
was associated with a significant risk of cardiovascular disease and reduced survival. Vitamin
D supplementation was significantly associated with better survival, specifically in patients with
documented deficiency. © 2011 Elsevier Inc. All rights reserved. (Am J Cardiol 2011;xx:xxx)
Cardiovascular disease is the most common cause of
mortality and morbidity, accounting for nearly 30% of
deaths in 2003 worldwide. Although multiple risk factors
for coronary artery disease are well established, novel risk
factors continue to emerge, in accordance with the findings
from various epidemiologic studies. In particular, a growing
body of evidence has identified vitamin D deficiency as a
potential widespread risk factor for cardiovascular disease.1–11 In addition to its well-defined role in bone and
calcium metabolism, vitamin D has been identified as an
important factor in cardiovascular health. Recent evidence
supports an association of vitamin D deficiency with hypertension, peripheral vascular disease, diabetes mellitus, the
metabolic syndrome, coronary artery disease, and heart failure. The Third National Health and Nutrition Examination
Survey reported the prevalence of vitamin D deficiency in
the United States to be 25% to 57% of adults.12 Similar
studies have shown that a prevalence of vitamin D deficiency of 30% to 50% in the general population.3,13,14
Although epidemiologic evidence for an association bea
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tween vitamin D deficiency and several cardiovascular diseases is strong, the effect of vitamin D supplementation on
patient outcomes is largely unknown. We studied the association of vitamin D deficiency and cardiovascular morbidity and mortality, as well as the effect of supplementation on
survival.
Methods
This was an observational retrospective study using a
cohort of patients followed up by a cardiovascular practice
at a large academic medical center. Patients seen by the
service from January 1, 2004 and October 8, 2009 with
documented serum vitamin D levels were eligible for the
present study.
Serum vitamin D measurements were performed by the
clinical laboratory at the University of Kansas Hospital,
Kansas City, Kansas. The laboratory uses the DiaSorin
(Stillwater, Minnesota) chemiluminescence immunoassay
method to measure the total serum vitamin D (both 25hydroxyvitamin D2 and D3 forms of vitamin D). The laboratory assay did not change during the study period. The
optimal concentration of 25[OH] vitamin D was defined as
ⱖ30 ng/ml and vitamin D deficiency as a 25[OH]D level of
⬍30 ng/ml.
The abstracted patient data included demographics, medical history, medications (including statins, vitamin D supplementation, and aspirin), and physiologic and disease
state variables obtained from the electronic cardiovascular
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Table 1
Baseline characteristics
Variable

Age (years)
Women
Body mass index (kg/m2)
Coronary artery disease
(⬎70% stenosis of ⱖ1
coronary artery)
Cardiomyopathy (clinical
diagnosis of dilated,
hypertrophic or
restrictive myocardial
disease)
Hypertension (blood
pressure ⬎140/90 mm
Hg)
Diabetes mellitus
Valvular heart disease
(stenosis or
regurgitation greater
than moderate or valve
replacement)
Atrial fibrillation
Ejection fraction (%)
Aspirin use
Angiotensin-converting
enzyme inhibitor use
Statin use
Calcium (mg/dl)
Creatinine (mg/dl)
Total cholesterol (mg/dl)
High-density lipoprotein
cholesterol (mg/dl)
Low-density lipoprotein
cholesterol (mg/dl)
Triglycerides (mg/dl)
Vitamin D (ng/ml)
Vitamin D supplement
use
Vitamin supplement
(any)
Death

Vitamin D Deficient

p Value

No
(n ⫽ 3,234)

Yes
(n ⫽ 7,665)

60 ⫾ 15
2,503 (77%)
28 ⫾ 7
306 (9%)

58 ⫾ 15
5,255 (69%)
31 ⫾ 8
830 (11%)

⬍0.0001
⬍0.0001
⬍0.0001
0.03

288 (4%)

0.03

Table 2
Univariate analysis: odds ratio of death and major cardiovascular events
if vitamin D deficient
Event

OR

95% CI

p Value

Death
Coronary artery disease
Atrial fibrillation
Diabetes mellitus
Cardiomyopathy
Hypertension

2.95
1.16
0.83
2.31
1.29
1.40

2.135–4.073
1.012–1.334
0.693–0.984
2.018–2.633
1.019–1.633
1.285–1.536

⬍0.001
0.03
0.03
⬍0.001
0.03
⬍0.0001

CI ⫽ confidence interval; OR ⫽ odds ratio.
95 (3%)

Table 3
Logistic regression analysis for death as dependent variable
938 (29%)

2,795 (36%)

⬍0.0001

294 (9%)
181 (6%)

1,436 (19%)
487 (6%)

⬍0.0001
NS

Predictor

OR

95% CI

p Value

Coronary artery disease
Vitamin D deficiency
Diabetes mellitus
Cardiomyopathy
Hypertension

2.71
2.64
1.45
3.29
1.53

2.062–3.573
1.901–3.662
1.114–1.891
2.359–4.596
1.183–1.969

⬍0.0001
⬍0.0001
0.006
⬍0.0001
0.001

Abbreviations as in Table 2.

201 (6%)
58 ⫾ 10
997 (31%)
725 (22%)

398 (5%)
57 ⫾ 10
2,254 (29%)
2,089 (27%)

0.03
NS
NS
⬍0.0001

1,098 (34%)
9.17 ⫾ 0.59
1.38 ⫾ 6.29
166 ⫾ 43
52 ⫾ 18

2,611 (34%)
9.31 ⫾ 0.49
1.58 ⫾ 2.98
171 ⫾ 54
47 ⫾ 16

NS
⬍0.0001
NS
0.02
⬍0.0001

92 ⫾ 33

97 ⫾ 39

0.002

115 ⫾ 80
40 ⫾ 11
689 (21%)

140 ⫾ 126
17 ⫾ 7
2,423 (32%)

⬍0.0001
⬍0.0001
⬍0.0001

1,097 (34%)

2,992 (39%)

⬍0.0001

293 (4%)

⬍0.0001

43 (1%)

All data are expressed as mean ⫾ standard deviation.
HDL ⫽ high-density lipoprotein; LDL ⫽ low-density lipoprotein; NS ⫽
not significant at p ⫽ 0.05 level.

database at the medical center. The diagnoses were derived
from the patient problem list documented in the patients’
electronic medical record and using the International Classification of Diseases, 9th Revision codes. Vitamin D supplementation was defined as an active prescription for vitamin D or its analogs or patient-reported use of vitamin D
supplements. Not all doses of vitamin D were reported;
however, the usual reported doses ranged from 1,000 IU/
day to 50,000 IU biweekly (sample mean 2254 ⫾ 316 IU).
The use of multivitamins was not considered vitamin D
supplementation. All-cause mortality data were obtained
from the Social Security Death Index.
Statistics were performed using SAS, version 9.1.3 software (SAS Institute, Cary, North Carolina). The serum

vitamin D levels were analyzed as both a continuous variable and a dichotomous variable (normal [ⱖ30 ng/ml] vs
deficient [⬍30 ng/ml]). Most analyses were done with vitamin D deficiency as a dichotomous variable, except as
noted. However, repeating the analyses with continuous
vitamin D levels did not change the outcomes. Descriptive
statistics, univariate analysis (unpaired t tests for continuous
variables, chi-square analysis for categorical variables),
multivariate logistic regression analysis for odds ratios (OR)
and 95% confidence intervals (CIs), survival analysis, and
Cox proportional hazard modeling were performed. Interaction between vitamin D deficiency and supplementation
was studied by development of an interaction variable for
retesting the outcomes models, with confirmation using the
Wald statistic and likelihood ratio test and proportionality
testing. A 0.05 level of significance was used throughout.
Results
During the study period, a total of 24,895 samples from
14,261 unique patients were tested for vitamin D concentrations in the University of Kansas Hospital laboratory. The
lowest recorded value for patients with multiple measurements was used for analysis. Database query yielded information for 11,017 matching patients. After excluding patients who were ⬍18 years old, 10,899 patients were
available for analysis.
The baseline characteristics for the patients with and
without vitamin D deficiency are listed in Table 1. The
cohort’s mean age was 58.3 ⫾ 14.9 years, 71% were women
(n ⫽ 7,758), and the mean body mass index (BMI) was 29.9 ⫾
7.7 kg/m2. The mean left ventricular ejection fraction (by
echocardiogram) was 57 ⫾ 10%. The mean and median
serum vitamin D value was 24.1 ⫾ 13.6 ng/ml and 22.5
ng/ml, respectively. A total of 3,234 patients (29.7%) were
in the predefined normal range for vitamin D (ⱖ30 ng/ml)
and 7,665 (70.3%) patients were deficient (⬍30 ng/ml).
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Figure 1. Survival in vitamin D deficient versus not deficient subjects.
Table 4
Logistic regression analysis for death as dependent variable with vitamin
D supplementation added
Predictor

OR

95% CI

p Value

Coronary artery disease
Diabetes mellitus
Cardiomyopathy
Hypertension
Vitamin D supplement
Atrial fibrillation

2.45
1.67
3.09
1.62
0.44
2.13

1.852–3.245
1.281–2.172
2.189–4.355
1.249–2.091
0.335–0.589
1.543–2.929

⬍0.0001
0.0001
⬍0.0001
0.0003
⬍0.0001
⬍0.0001

Abbreviations as in Table 2.

On univariate analysis, vitamin D deficiency as a dichotomous variable was significantly associated with an increased risk of several cardiovascular disease states, including coronary artery disease (OR 1.16, 95% CI 1.012 to
1.334), diabetes (OR 2.31, 95% CI 2.018 to 2.633), cardiomyopathy (OR 1.29, 95% CI 1.019 to 1.633), and hypertension (OR 1.40, 95% CI 1.285 to 1.536) and all-cause
death (OR 2.95, 95% CI 2.135 to 4.073). In contrast, vitamin D deficiency was negatively associated with the risk of
atrial fibrillation (OR 0.83, 95% CI 0.693 to 0.984; Table 2).
On stepwise multivariate logistic regression analysis, vitamin D deficiency (dichotomous variable) was a strong independent predictor of all-cause death (OR 2.64, 95% CI
1.901 to 3.662, p ⬍0.0001; Table 3).
Survival was calculated using the interval between the
date of sample collection and the date of death or the end
of study period. The survival curve is shown in Figure 1
(p ⬍0.0001 for homogeneity of strata). Hazard ratios using
the Cox proportional hazards model were calculated, with
vitamin D deficiency as a dichotomous variable showing a
hazards ratio of 2.48 (p ⬍0.0001) for reduced survival.
Hazard function analysis with additional predictive variables (disease states, age, BMI, ejection fraction, gender)
was then performed with overall p ⬍0.0001; vitamin D
deficiency remaining a significant independent predictor of
decreased survival. Vitamin D deficiency remained the variable with the highest OR (2.29).
Vitamin D supplementation improved survival overall
but to a significant degree only in deficient patients. On
univariate analysis, the overall risk of all-cause death was
reduced for subjects taking vitamin D supplements with an

Figure 2. Survival stratified by vitamin D supplementation in deficient
subjects.

OR of 0.62 (95% CI 0.469 to 0.806, p ⫽ 0.0004). On
stepwise regression analysis for death, the OR for vitamin D
supplementation was 0.44 (p ⬍0.0001; Table 4), suggesting
an association with a significantly lower occurrence of
death. In a hazard model, the hazard ratio for death was 0.40
(95% CI 0.335 to 0.576) for subjects receiving supplementation (p ⬍0.0001). This strong relation persisted in additional models with the clinical variables added.
The use of vitamin D supplementation was more common in vitamin D– deficient patients, with 31.6% of deficient
patients receiving supplements versus 21.3% of patients with
normal vitamin D levels (OR 1.71, p ⬍0.0001). The effect
of vitamin D supplementation was studied using death versus
vitamin D deficiency, stratified by vitamin D supplementation.
Vitamin D deficiency and supplementation were highly associated. With supplementation, the OR for death in the vitamin
D-deficient subjects was 1.46 (95% CI 0.760 to 2.799; p ⫽
NS). Without supplementation, the OR for death was 3.72
(95% CI 2.563 to 5.396; p ⬍0.0001). Controlling for vitamin
D supplementation, the common OR for death in the deficient
subjects was 3.07 (95% CI 2.222 to 4.228; p ⬍0.0001; Cochran-Mantel-Haenszel analysis). The Breslow-Day test for
homogeneity of the ORs was significant (p ⫽ 0.01). An
indication was found for an important interaction between vitamin D deficiency and supplementation when
the interaction variable was added to the models, with
significant differences in survival seen only for the vitamin D– deficient patients (p ⬍0.0001) on repeat separate
modeling stratified by deficiency (Figure 2). Nondeficient
subjects had no survival advantage with vitamin D supplementation.
Linear regression analysis with vitamin D levels as a
continuous variable showed a highly significant negative
association (␤ ⫺0.3134, p ⬍0.0001) with BMI, indicating a
greater BMI was associated with lower vitamin D levels.
Similarly, the association between vitamin D levels and
low-density lipoprotein cholesterol showed a significant
negative association (␤ ⫺0.1956, p ⫽ 0.0005), and highdensity lipoprotein cholesterol had a significant positive
association (␤ 0.1734, p ⬍0.0001). The vitamin D levels
were associated with the triglyceride measurements (␤
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⫺1.126, p ⬍0.0001); for every 1-U increase in vitamin D,
the triglyceride levels decreased by ⬎1 U.
Discussion
Vitamin D has important physiologic functions beyond
bone and calcium metabolism. Because vitamin D receptors
are involved in the expression of nearly 3,000 human genes,
a deficiency could potentially affect numerous disease processes.15 Cardiovascular, oncologic, and immunologic disorders have been associated with vitamin D deficiency. Our
study showed an association between vitamin D deficiency
and many cardiovascular disease states, including hypertension,16 –19 coronary artery disease,7,20,21 cardiomyopathy,20
and cardiovascular risk factors, such as hypertension, diabetes mellitus, and hyperlipidemia.
Numerous studies and meta-analyses have suggested that
vitamin D deficiency has a negative association with survival;
however, the effect of vitamin D supplementation on overall
mortality has not been studied. Our findings are consistent with
these previous studies, suggesting poorer patient outcomes for
patients with vitamin D deficiency.22–24 In addition, our data
further extend these findings by demonstrating better survival
with vitamin D supplementation. The benefits of vitamin D
supplementation on survival were significant for those patients
with a documented deficiency. This benefit was independent of
the concomitant use of other cardioprotective drugs such as
aspirin or statins.
These findings could have clinical implications for the
usual recommended daily allowance for vitamin D. The
regular intake of the recommended 400 IU/day might be
adequate to avoid deficiency in many people,1 and supplementation of ⱖ1,000 IU/day might be required to achieve
optimal levels.
When included in survival and hazard models with several disease states, vitamin D deficiency is a strong independent predictor of all-cause death. Several studies have
reported on the association between obesity and low vitamin
D levels,8 –10 which we also observed in our study cohort.
Because the prevalence of obesity is increasing in the
United States, as well as in many other developed and
emerging nations, vitamin D deficiency could be increasingly common in the future. In addition, our study showed
an association between vitamin D deficiency and unfavorable serum lipid values.
Because vitamin D deficiency is widespread, strategies
directed at population-based supplementation programs
could prove beneficial.6 To date, however, prospective
studies evaluating vitamin D supplementation are few
and have not consistently shown benefit. It is possible
that the lack of benefit in these studies resulted from
suboptimal levels of vitamin D supplementation or other
unknown factors. Many previous studies of vitamin D
supplementation have used doses of 400 to 800 IU, which
might not be adequate to ensure optimal serum levels,
with more appropriate daily supplement doses suggested
as 1,000 to 2,000 IU.6,25 Nevertheless, the growing body
of observational data demonstrating relatively high rates
of low vitamin D serum levels warrant additional welldesigned studies to investigate the relation between vitamin D and cardiovascular health.

Additional investigation with long-term prospective
studies of various vitamin D dosage levels in both healthy
and diseased populations are indicated to firmly establish
the role of vitamin D supplementation on overall outcomes
and mortality. Our study suggests a significant association
of vitamin D supplement use and improved survival in
deficient subjects, supporting the potential benefit of this
intervention. Recent guidelines for the evaluation and treatment of vitamin D deficiency have been published that can
help the clinician with patient treatment.26
This was a retrospective, observational study with a
selected population, introducing possible selection bias.
The study population was derived from patients who had
had their vitamin D levels measured at a hospital laboratory and who were patients in a cardiovascular practice
and included in its electronic medical records. Extrapolation to other populations might not be appropriate.
Also, isolated vitamin D measurement might not reflect
long-term levels. We made an arbitrary decision to use
the lowest vitamin D measurement for analysis because
this value was thought to most likely represent the subjects’ baseline nonsupplemented level. We were unable
to accurately associate the timing of vitamin D measurement and supplement initiation. The dose and duration of
vitamin D supplementation were not analyzed, and patient compliance was not measured. Inclusion of vitamin
D in multivitamin supplements was not considered.
1. Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes B. Estimation of optimal serum concentrations of 25hydroxyvitamin D for multiple health outcomes. Am J Clin Nutr
2006;84:18 –28.
2. DeLuca HF. Overview of general physiologic features and functions of
vitamin D. Am J Clin Nutr 2004;80:1689S–1696S.
3. Lee JH, O’Keefe JH, Bell D, Hensrud DD, Holick MF. Vitamin D
deficiency an important, common, and easily treatable cardiovascular
risk factor? J Am Coll Cardiol 2008;52:1949 –1956.
4. Nibbelink KA, Tishkoff DX, Hershey SD, Rahman A, Simpson RU.
1,25(OH)2-vitamin D3 actions on cell proliferation, size, gene expression, and receptor localization, in the HL-1 cardiac myocyte. J Steroid
Biochem Mol Biol 2007;103:533–537.
5. Watson KE, Abrolat ML, Malone LL, Hoeg JM, Doherty T, Detrano
R, Demer LL. Active serum vitamin D levels are inversely correlated
with coronary calcification. Circulation 1997;96:1755–1760.
6. Stechschulte SA, Kirsner RS, Federman DG. Vitamin D: bone and
beyond, rationale and recommendations for supplementation. Am J
Med 2009;122:793– 802.
7. Autier P, Gandini S. Vitamin D supplementation and total mortality: a
meta-analysis of randomized controlled trials. Arch Intern Med 2007;
167:1730 –1737.
8. Lee P, Greenfield JR, Seibel MJ, Eisman JA, Center JR. Adequacy of
vitamin D supplementation in severe deficiency is dependent on body
mass index. Am J Med 2009;122:1056 –1060.
9. Bell NH, Epstein S, Greene A, Shary J, Oexmann MJ, Shaw S.
Evidence for alteration of the vitamin D-endocrine system in obese
subjects. J Clin Invest 1985;76:370 –373.
10. Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF. Decreased
bioavailability of vitamin D in obesity. Am J Clin Nutr 2000;72:690 –
693.
11. Arunabh S, Pollack S, Yeh J, Aloia JF. Body fat content and 25hydroxyvitamin D levels in healthy women. J Clin Endocrinol Metab
2003;88:157–161.
12. Looker AC, Dawson-Hughes B, Calvo MS, Gunter EW, Sahyoun NR.
Serum 25-hydroxyvitamin D status of adolescents and adults in two
seasonal subpopulations from NHANES III. Bone 2002;30:771–777.
13. Harris SS, Soteriades E, Coolidge JA, Mudgal S, Dawson-Hughes
B. Vitamin D insufficiency and hyperparathyroidism in a low in-

Preventive Cardiology/Vitamin D and Cardiovascular Outcomes

14.

15.

16.

17.

18.

19.

come, multiracial, elderly population. J Clin Endocrinol Metab
2000;85:4125– 4130.
Tangpricha V, Pearce EN, Chen TC, Holick MF. Vitamin D insufficiency among free-living healthy young adults. Am J Med 2002;112:
659 – 662.
Ramagopalan SV, Heger A, Berlanga AJ, Maugeri NJ, Lincoln MR,
Burrell A, Handunnetthi L, Handel AE, Disanto G, Orton SM, Watson
CT, Morahan JM, Giovannoni G, Ponting CP, Ebers GC, Knight JC. A
ChIP-seq defined genome-wide map of vitamin D receptor binding: Associations with disease and evolution. Genome Res 2010;10:1352–1360.
Pfeifer M, Begerow B, Minne HW, Nachtigall D, Hansen C. Effects of
a short-term vitamin D(3) and calcium supplementation on blood
pressure and parathyroid hormone levels in elderly women. J Clin
Endocrinol Metab 2001;86:1633–1637.
Scragg R, Sowers M, Bell C. Serum 25-hydroxyvitamin D, ethnicity,
and blood pressure in the Third National Health and Nutrition Examination Survey. Am J Hypertens 2007;20:713–719.
Snijder MB, Lips P, Seidell JC, Visser M, Deeg DJ, Dekker JM, van
Dam RM. Vitamin D status and parathyroid hormone levels in relation
to blood pressure: a population-based study in older men and women.
J Intern Med 2007;261:558 –565.
Forman JP, Curhan GC, Taylor EN. Plasma 25-hydroxyvitamin D
levels and risk of incident hypertension among young women. Hypertension 2008;52:828 – 832.

5

20. Kim DH, Sabour S, Sagar UN, Adams S, Whellan DJ. Prevalence of
hypovitaminosis D in cardiovascular diseases (from the National
Health and Nutrition Examination Survey 2001 to 2004). Am J Cardiol
2008;102:1540 –1544.
21. Giovannucci E, Liu Y, Hollis BW, Rimm EB. 25-hydroxyvitamin D
and risk of myocardial infarction in men: a prospective study. Arch
Intern Med 2008;168:1174 –1180.
22. Michaelsson K, Baron JA, Snellman G, Gedeborg R, Byberg L, Sundstrom J, Berglund L, Arnlov J, Hellman P, Blomhoff R, Wolk A,
Garmo H, Holmberg L, Melhus H. Plasma vitamin D and mortality in
older men: a community-based prospective cohort study. Am J Clin
Nutr 2010;4:841– 848.
23. Joergensen C, Gall MA, Schmedes A, Tarnow L, Parving HH, Rossing
P. Vitamin D levels and mortality in type 2 diabetes. Diabetes Care
2010;10:2238 –2243.
24. Pilz S, Dobnig H, Nijpels G, Heine RJ, Stehouwer CD, Snijder MB,
van Dam RM, Dekker JM. Vitamin D and mortality in older men and
women. Clin Endocrinol Oxf 2009;71:666 – 672.
25. Pilz S, Tomaschitz A, Ritz E, Pieber TR. Vitamin D status and arterial
hypertension: a systematic review. Nat Rev Cardiol; 2009;6:621– 630.
26. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley
DA, Heaney RP, Murad MH, Weaver CM; Endocrine Society. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab
2011;96:1911–1930.

