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Vitamin D recently has been proposed to play an important role in a broad range of organ
functions, including cardiovascular (CV) health; however, the CV evidence-base is limited.
We prospectively analyzed a large electronic medical records database to determine the
prevalence of vitamin D deficiency and the relation of vitamin D levels to prevalent and
incident CV risk factors and diseases, including mortality. The database contained 41,504
patient records with at least one measured vitamin D level. The prevalence of vitamin D
deficiency (=30 ng/ml) was 63.6%, with only minor differences by gender or age. Vitamin
D deficiency was associated with highly significant (p <0.0001) increases in the prevalence
of diabetes, hypertension, hyperlipidemia, and peripheral vascular disease. Also, those
without risk factors but with severe deficiency had an increased likelihood of developing
diabetes, hypertension, and hyperlipidemia. The vitamin D levels were also highly associ-
ated with coronary artery disease, myocardial infarction, heart failure, and stroke (all
p <0.0001), as well as with incident death, heart failure, coronary artery disease/myocar-
dial infarction (all p <0.0001), stroke (p = 0.003), and their composite (p <0.0001). In
conclusion, we have confirmed a high prevalence of vitamin D deficiency in the general
healthcare population and an association between vitamin D levels and prevalent and
incident CV risk factors and outcomes. These observations lend strong support to the
hypothesis that vitamin D might play a primary role in CV risk factors and disease. Given
the ease of vitamin D measurement and replacement, prospective studies of vitamin D
supplementation to prevent and treat CV disease are urgently needed. © 2010 Elsevier
Inc. All rights reserved. (Am J Cardiol 2010;106:963-968)

There is a growing epidemic of vitamin D deficiency,
and its consequences beyond bone health, are still not well
understood. However, early reports have linked it to such
cardiovascular (CV) conditions as hypertension, diabetes
mellitus, obesity and the metabolic syndrome, left ventric-
ular hypertrophy, heart failure, coronary heart disease, renal
disease, and mortality.l*6 Because vitamin D deficiency can
be readily determined by blood testing and treated by sup-
plementation, it is crucial to solidify knowledge of its prev-
alence and contribution to CV disease states and outcomes.
A limited evidence base has suggested a beneficial effect on
clinical outcomes with replacement therapy.”>""* We pro-
spectively addressed the proposed relation of vitamin D
deficiency to CV conditions by analyzing a large and lon-
gitudinal electronic medical record database.
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Methods

We prospectively studied the electronic medical record
database of the integrated Intermountain Healthcare system
to address 4 objectives in a general healthcare population:
(1) to determine the prevalence of vitamin D deficiency and
insufficiency in subjects with measured vitamin D levels;
(2) to evaluate the relation of vitamin D levels to prevalence
and incidence of prespecified CV risk factors; (3) to
assess the relation of vitamin D levels to prespecified CV
conditions; and (4) to determine the association of base-
line vitamin D levels with incident CV outcomes. The
present study was approved by the Intermountain Insti-
tutional Review Board.

The Intermountain database search identified 41,497 sub-
jects with at least one vitamin D measurement from 2000 to
2009. Vitamin D levels were drawn at the providers’ dis-
cretion for clinical indications (e.g., osteoporosis risk). The
study subjects averaged 55 = 21 years old; women (74.8%)
outnumbered men (25.2%). The prevalence of patients in
each category was analyzed according to age, gender, and
the season in which the sample was taken.

The serum vitamin D levels were measured by chemilu-
minescent immunoassay in Intermountain laboratories as
25(0OH)D, the principal circulating form of vitamin D (gen-
erally accepted as the best measure of total body vitamin D
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Table 1
Proportion of subjects with varying levels of serum 25(OH) vitamin D
category

Vitamin D Level (ng/ml)*

>30 16-30 =15
(n = 15,121) (n = 19,474) (n = 6,909)
Total 36.4% 46.9% 16.6%
Men (n = 10,418) 33.9% 48.5% 17.6%
Women (n = 31,086) 37.3% 46.4% 16.3%
Age =50 years 36.5% 47.2% 16.3%
(n = 27,686)
Age <50 years 36.2% 46.5% 17.3%
(n = 13,811)
Tests in May—July 38.1% 47.7% 14.2%
Tests in December— 35.2% 45.4% 19.4%
February

*On at least one measurement.

stores’) and stratified into 3 categories: normal, >30 ng/ml;
low (insufficient), 16 to 30 ng/ml; and very low (deficient),
=15 ng/ml.

The prevalence and incidence of CV diseases and risk
factors were determined by “International Classification of
Diseases,” version 9, code entries documented in electronic
medical records at baseline and during follow-up. The pro-
spectively defined risk factors of interest and available to
study were age, gender, hypertension, hyperlipidemia, dia-
betes mellitus, and peripheral vascular disease. The CV
diseases of interest and available were the prevalence and
incidence of coronary heart disease (i.e., clinical coronary
artery disease [CAD] or myocardial infarction [MI]), heart
failure (HF), cerebrovascular accident (CVA or stroke), and
atrial fibrillation. Because subclassification of death was not
routinely available, all-cause mortality was used as the pri-
mary survival measure. Other clinical conditions of interest
for analysis included fractures, pulmonary embolism, de-
pression, renal failure, skeletal disorder, hypothyroidism,
infection requiring medical attention, and headache.

Patients were followed after the initial vitamin D deter-
mination for an average of 1.3 years (maximum 9.3). (The
large numbers of shorter term follow-up periods reflect the
recent interest in vitamin D status.) Deaths were determined
from the hospital records and telephone queries, Utah State
Health Department records (death certificates), and the na-
tional Social Security death records. Patients not listed as
deceased in any registry were considered alive.

The chi-square statistic and analysis of variance test were
used to characterize the categorical and continuous vari-
ables, respectively, according to vitamin D categories. Uni-
variate and multivariate Cox regression analysis was used to
determine the associations of baseline vitamin D with an
incident death or “International Classification of Diseases,”
version 9, CV diagnosis/event (CAD/MI, HF, CVA, atrial
fibrillation). The risk factors used in the multivariate mod-
eling were those given earlier. The primary study end point
was the incidence of a composite CV event of death, CAD/
MI, HF, or CVA. The major secondary end points of interest
were its individual components. In these analyses, the pro-
portional hazards assumption was determined to be met by
including a time-dependent covariate in a model represent-

Normal (=30 ng/mL): 36.4%

Low (16-30 ng/mL): 46.9%

Figure 1. Distribution of vitamin D levels in Intermountain Healthcare
population. Pie graph indicates percentage of vitamin D levels on first
samples drawn from 41,504 subjects in Intermountain electronic medical
record database that were within laboratory-reported range of normal (>30
ng/ml), low (16 to 30 ng/ml), or very low (=15 ng/ml).

Table 2

Risk factor prevalence at initial vitamin D determination

Risk Factor Vitamin D Level (ng/ml) p Trend
=I5 16-30 >30

Hypertension 51.9% 43.8% 39.8% <0.0001*

Hyperlipidemia 47.1% 45.9% 43.2% <0.0001°*

Diabetes mellitus 29.3% 20.0% 15.4% <0.0001*

Peripheral vascular 4.6% 3.1% 3.0% <0.0001*

disease

* Comparisons also significant after Bonferroni correction (i.e., adjusted
for 4 risk factor comparisons).

ing the interaction between the outcome of interest’s fol-
low-up time and vitamin D level. p Values <0.05 was
designated as significant; both unadjusted and (conserva-
tive) Bonferroni adjusted results are given.

Results

In a search of the Intermountain electronic medical
record database, 41,504 patients were found with at least one
measured vitamin D level; 11,088 (26.7%) had 2 measure-
ments, 3,950 (9.5%) had 3 measurements, and 1,703 (4.1%)
had >3 measurements, for a total of 58,245 measured levels.
The age and gender distribution is listed in Table 1.

The distribution of vitamin D levels by category is
shown in Figure 1. Only minor differences among catego-
ries were noted by gender or age (Table 1). Although com-
mon, regardless of the season, vitamin D deficiency was
more prevalent during winter months (p <0.0001; Table 1).
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Table 3
Overall risk factor incidence and adjusted relative hazard by initial
vitamin D category in subjects without previous condition

Table 5
Prevalence of other diagnoses of interest at baseline by vitamin D
category

Low vs Normal (16-30
vs >30 ng/ml)

Risk Factor (Overall
Incidence)

Very Low vs Normal
(=15 vs >30 ng/ml)

Unadjusted  Adjusted Unadjusted  Adjusted

Hypertension (6.0%)

Hazard ratio 1.73 1.62 1.26 1.18
95% confidence 1.48-2.02 1.38-1.89 1.12-1.42 1.05-1.33
interval
p Value <0.0001*  <0.0001*  <0.0001%* 0.005*
Hyperlipidemia
(5.8%)
Hazard ratio 1.47 1.27 1.19 1.10
95% confidence 1.25-1.72 1.09-1.50 1.06-1.34 0.98-1.24
interval
p Value <0.0001* 0.003* 0.005* 0.12
Diabetes mellitus
(2.2%)
Hazard ratio 2.13 1.89 1.39 1.32
95% confidence 1.73-2.62  1.54-2.33 1.17-1.64 1.12-1.56
interval
p Value <0.0001*  <0.0001*  <0.0001%* 0.001*

Peripheral vascular
disease (0.8%)
Hazard ratio 1.80 1.42 1.10 1.01

95% confidence 1.32-246 1.04-1.94 0.85-1.43 0.78-1.31
interval
p Value <0.0001* 0.03 0.48 0.93

Follow-up averaged 1.3 years (maximum 9.3).
* Comparisons also significant after Bonferroni correction (i.e., adjusted
for 8 risk factor comparisons).

Table 4
Prevalence of cardiovascular (CV) disease diagnoses at baseline by
vitamin D category in those =50 years old

Cardiovascular Disease Vitamin D Level (ng/ml) p Trend
=15 16-30  >30
Coronary artery disease 251% 19.7% 17.5%  <0.0001*
Heart failure 192% 123% 10.1% <0.0001*
Atrial fibrillation 11.8% 9.6% 9.2%  <0.0001*
Peripheral vascular disease 6.3% 4.2% 3.8%  <0.0001*
Previous myocardial infarction 5.8% 3.8% 32%  <0.0001%*
Previous stroke 5.9% 4.2% 39%  <0.0001%*
Previous transient ischemic 5.2% 4.5% 4.2% 0.02
attack
Ventricular tachycardia 2.3% 1.6% 1.3%  <0.0001*

Comparisons of 27,686 subjects =50 years old.
* Comparisons also significant after Bonferroni correction (i.e., adjusted
for 8 comparisons among prevalent CV risk factors).

Of the 41,504 patients, 36% had all measurements within
the laboratory-reported range of normal (i.e., >30 ng/ml),
47% had at least one mildly to moderately reduced (insuf-
ficient) measurement (16 to 30 ng/ml), and 17% had a
frankly deficient measurement (=15 ng/ml). Thus, almost
2/3 had insufficient or deficient levels.

Highly significant and graded inverse associations were
observed for the prevalence of CV risk factors among the

Diagnosis Vitamin D Level (ng/ml) p Trend
=I5 16-30 >30

Recent infection 43.0% 32.5% 30.0% <0.0001*

Renal failure 22.7% 14.6% 11.8% <0.0001*

Previous fracture 20.9% 18.1% 18.1% <0.0001*

* Comparisons also significant after Bonferroni correction (i.e., adjusted
for 3 comparisons among other diagnoses of interest).

vitamin D categories for hypertension, hyperlipidemia, di-
abetes, and peripheral vascular disease (all p <0.0001;
Table 2). Of particular note was an increased prevalence of
hypertension (30% relative and 12% absolute) and diabetes
(90% relative and 14% absolute) in very low versus normal
categories (p trends <0.0001).

The overall incidence and unadjusted and adjusted rela-
tive hazards for newly appearing risk factors (i.e., first
appearance after the initial vitamin D measurement) during
follow-up were also determined (Table 3). Graded differ-
ences across vitamin D categories were noted for all 4 risk
factors. Of particular note were the adjusted relative in-
creases in incident hypertension (by 62%, p <0.0001) and
diabetes (by 89%, p <0.0001) in very low versus normal
categories.

The association of prevalent CV disease conditions with
initial vitamin D status was assessed in subjects =50 years
old (n = 27,686). In the present cohort, the age averaged
66.6 = 10.8 years and 75.0% were women. The results are
summarized in Table 4. Strong inverse associations across
vitamin D categories were noted for all 8 prespecified CV
disease diagnoses: CAD, HF, atrial fibrillation, MI, periph-
eral vascular disease, stroke, transient ischemic attack, and
ventricular tachycardia. Of particular note were the in-
creases in prevalence of HF (90% relative and 9% absolute),
MI (81% relative and 2.6% absolute), and stroke (51%
relative and 2% absolute) in very low versus normal vitamin
D categories (all p trends <0.0001).

The association of 3 other prespecified health-related
conditions of interest (i.e., recent infection, renal failure,
previous fracture) with initial vitamin D status was also
assessed in subjects =50 years old (Table 5). These results
confirm the role of vitamin D in bone health and the asso-
ciation of vitamin D deficiency with renal failure, and they
suggest a role of vitamin D in normal immune function.

The overall incidence and adjusted relative hazard for
newly appearing CV disease diagnoses by vitamin D cate-
gory during an average of 1.3 £ 1.2 years of follow-up
(maximum 6.6 years) in those =50 years old is listed in
Table 6. Overall, 1,193 had died (4.3%), and 763 (3.5%),
594 (2.5%), 513 (2.1%), and 197 (0.8%) patients developed
CAD/MI, HF, atrial fibrillation, and CVA, respectively.
Unadjusted and adjusted relative hazards showed strong
inverse relationships with vitamin D levels for 5 of the 6
outcome diagnostic events—death, CAD/MI, HF, stroke,
and peripheral vascular disease—but not for atrial fibrilla-
tion. Again, the relationships were graded, with greater
hazard ratios in those with very low to with low levels
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Table 6

Incidence and hazard ratios for cardiovascular (CV) disease diagnoses by vitamin D status among those =50 years old

Risk Factors (Overall Incidence)

At-Risk Subjects

Very Low vs Normal Low vs Normal

Unadjusted Adjusted Unadjusted Adjusted

Death (4.3%) 27,686

Hazard ratio 2.40 1.77 1.32 1.20

p Value <0.0001 <0.0001 <0.0001 0.009
Coronary artery disease/myocardial infarction (3.5%) 21,853

Hazard ratio 1.63 1.45 1.20 1.15

p Value <0.0001 0.003 0.02 0.09
Heart failure (2.5%) 23,793

Hazard ratio 2.19 2.01 1.33 1.31

p Value <0.0001 <0.0001 0.002 0.005
Atrial fibrillation (2.1%) 24,565

Hazard ratio 1.19 1.02 1.002 0.95

p Value 0.20 0.87 0.98 0.61
Stroke (0.8%) 26,025

Hazard ratio 2.00 1.78 1.37 1.31

p Value 0.001 0.004 0.06 0.11
Peripheral vascular disease (1.0%) 26,033

Hazard ratio 1.93 1.45 1.14 1.05

p Value <0.0001 0.03 0.38 0.73
Composite* (6.5%) 20,069

Hazard ratio 2.02 1.79 1.29 1.22

95% Confidence interval 1.73-2.36 1.53-2.10 1.14-1.46 1.08-1.38

p Value <0.0001 <0.0001* <0.0001 0.002

Low, 16-30 ng/ml; very low, =15 ng/ml; referent (normal), vitamin D level >30 ng/ml.

Follow-up averaged 1.3 = 1.2 years (maximum 6.6 years).
See Figure 3 for 95% confidence intervals for individual events.

* Primary study end point (i.e., very low vs normal, adjusted) and includes death, coronary artery disease/myocardial infarction, heart failure, or

cerebrovascular accident).
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Figure 2. Kaplan-Meier survival curves according to baseline vitamin D
level. Survival differed significantly by initial vitamin D level (log-rank
p <0.0001). Number of patients with normal, low, and very low vitamin D
levels at annual intervals was as follows: baseline, 4,509, 13,049, and
10,091; at 1 year, 1,920, 5,844, and 5,143; at 2 years, 748, 2,574, and
2,491; at 3 years, 241, 1,012, and 940; at 4 years, 80, 468, and 343; at 5
years, 31, 114, and 201 and at 6 years, 8, 44, and 41, respectively.

compared to normal levels. Of special note was the relation
to total mortality (Figure 2 and Table 6). Adjusted relative
death rates increased 20% with low vitamin D and 77% with
very low vitamin D levels. Multivariate adjusted hazard

B <=15 vs. >30 ng/mL
— W 16-30 vs. >30 ng/mL

Death— 1.77
- ]
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Figure 3. Multivariate-adjusted associations of incident CV diseases or
death with vitamin D deficiency. Multivariate-adjusted Cox regression
hazard ratios with 95% confidence intervals for patients =50 years old
stratified by vitamin D level.

ratios and 95% confidence intervals are shown graphically
in Figure 3 for the 6 disease outcomes. When key CV events
were combined into a primary composite event of death,
CAD/MI, HF, or CVA, a very low vitamin D level was
associated with an adjusted hazard ratio of 1.79 (p <0.0001).
When the analysis was restricted to patients with a single
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vitamin D level (to reduce confounding by treatment in
vitamin D level-titrated patients), the results were similar or
improved for individual adverse events (data not shown). A
very low vitamin D level more than doubled the relative
hazard for the composite of death, CAD/MI, HF, or CVA
(hazard ratio 2.13, 95% confidence interval 1.75 to 2.58,
p <0.0001).

Discussion

Vitamin D has increasingly been recognized to play a
role in a broad range of bodily functions beyond bone
health, including CV health.'= In parallel, the recognition
of the presence of widespread vitamin D deficiency is in-
creasing.'™ The consequences of this growing epidemic of
vitamin D deficiency are still not well understood. However,
recent reports of the associations of vitamin D deficiency
with multiple CV conditions have been of great interest,
suggesting the need for prospective validation and extended
observations.

We have reported on a prospectively planned analysis of
an electronic medical record database from a large inte-
grated healthcare system to address 4 vitamin D-related
issues. Of a consecutive series of 41,497 patients in a
general healthcare population with at least one vitamin D
measurement, vitamin D deficiency was found to be present
in nearly 2/3 of the patients. This high prevalence was
affected only modestly by age, gender, or season. Further-
more, patients with vitamin D deficiency had a greater
prevalence of CV risk factors at baseline (i.e., hypertension,
diabetes, hyperlipidemia), and, importantly, those deficient
in vitamin D without previous CV risk factors were much
more likely to develop them during follow-up. Beyond the
CV risk factors, vitamin D deficiency was associated with
an up to twofold greater prevalence of several CV disease
categories, with those with severe deficiency at greatest risk.
Finally, of the patients aged =50 years with longitudinal
follow-up, moderate to severe vitamin D deficiency was
strongly associated with death and the incident development
of CAD/MI, HF, stroke, and peripheral arterial disease.
These relationships persisted after multivariate adjustment.
Because vitamin D deficiency can be readily determined by
blood testing and treated by supplementation, the clinical
implication of these findings, including vitamin D supple-
mentation, should be a high priority for additional, prospec-
tive studies.

The evidence-base linking vitamin D deficiency to CV
risk factors and disease is currently limited but growing, as
summarized in recent reviews.'™ Vitamin D deficiency has
been studied most thoroughly in patients with end-stage
renal disease requiring dialysis,*’ in whom vitamin D de-
ficiency was associated with an increased risk of death.*
Supplementation has been reported to reduce this risk.*’
Recently, Giovannucci et al’® reported that 25(0OH) vitamin
D deficiency was associated with an increased risk of MI in
men, and Dobnig et al® related low vitamin D levels in a
cohort of subjects scheduled for angiography to increased
all-cause and CV mortality. Finally, the potential to reduce
mortality with vitamin D supplementation in diverse popu-
lations was supported bgf a meta-analysis of 9 studies of
varying size and design.

A leading mechanism proposed to explain the relation
between vitamin D deficiency and CV disease is that
chronic vitamin D deficiency causes secondary hyperpara-
thyroidism,>> acting through =3 pathogenic pathways as-
sociated with parathormone excess™: (1) increased insulin
resistance and pancreatic B-cell dysfunction, predispos-
ing to the metabolic syndrome and diabetes; (2) activa-
tion of the renin-angiotensin system, increasing blood
pressure and leading to left ventricular hypertrophy (with
subsequent apoptosis and fibrosis); and (3) stimulation of
systemic and vascular inflammation, augmenting athero-
genesis.

Recently, Oh et al’ reported that 1,25(OH)2 inhibits
foam cell formation and suppresses macrophage cholesterol
uptake in patients with type 2 diabetes, suggesting another
mechanism of risk of vitamin D deficiency. A third recently
proposed mechanism is an association with large high-
density lipoprotein particles.'”

The present study was a prospectively designed analysis
of a retrospectively collected and observational medical
records database. The incident events, except mortality,
were limited to those identified within the Intermountain
Healthcare system. As with all observational studies, both
recognized (e.g., female gender, risk of osteoporosis) and
unrecognized selection biases could exist relating to the
reasons that providers performed the vitamin D measure-
ments. Adjustment for these and other imbalances might
have been incomplete; thus, the results might apply only to
populations with similar characteristics. As with all medical
records-based studies, our findings are dependent on their
intrinsic accuracy and should be independently confirmed.
The demonstration of association does not prove causality.
However, the large size and independence of the findings by
age and gender and the determination of an increased inci-
dence of newly appearing CV risk factors and adverse
events during longitudinal follow-up increased the likeli-
hood of the causality of associations with vitamin D defi-
ciency. Finally, our population base was predominantly
white (i.e., ~86%); thus, relationships in populations with
differing skin pigmentation, sun exposure, geography, and
genetic background might differ.

Our findings, taken in the context of previous obser-
vations, suggest that vitamin D deficiency represents an
important new CV risk factor and, we hypothesize, might
play a causal role in the development of CV risk factors
and CV diseases and adverse events, including death.
Because measurement of vitamin D levels is easily done
and vitamin D supplements are readily available and
inexpensive, clinical trials are urgently needed to deter-
mine whether this represents a causal association and
whether vitamin D replacement therapy can reduce the
associated increase in CV risk.
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