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Vitamin D and Cardiovascular Health
Carl J. Lavie, MD; James J. DiNicolantonio, PharmD; Richard V. Milani, MD; James H. O’Keefe, MD

Case Presentation

A 56-year-old black female patient
with significant coronary heart dis-
ease (CHD) after several percutaneous
intervention procedures for acute coro-
nary syndromes was seen in the office
for routine follow-up. She is 5 ft 5 in
tall and weighs 265 pounds. She had
recently gained 25 pounds after losing
nearly 100 pounds following bariatric
surgery. Her blood pressure, which was
previously controlled with her therapy
for hypertension, which included a
B-blocker, an angiotensin-converting
enzyme inhibitor, a calcium blocker,
and a diuretic, was 160/90 mm Hg. Her
fasting glucose was 168 mg/dL, with a
hemoglobin A . of 8.4% on therapy for
type 2 diabetes mellitus. She was expe-
riencing severe myalgias, which made
it difficult for her to exercise, so she
discontinued her atorvastatin. Her fast-
ing lipid profile was as follows: total
cholesterol, 264 mg/dL; high-density
lipoprotein, 42 mg/dL; triglycerides,
220 mg/dL; and low-density lipopro-
tein, 178 mg/dL. Her 25-hydroxyvita-
min D [25(OH)D] level was severely
low at 8 ng/mL.

There have been several nutrient
fads over recent decades, including
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beta carotene, selenium, folic acid, and
vitamins E and C, all of which failed to
show benefit in multiple large, random-
ized, controlled trials and thus did not
stand the test of time, at least in terms
of major cardiovascular event reduc-
tion.!? Without question, vitamin D
increases absorption of calcium, mag-
nesium, and phosphorus and mobilizes
calcium and phosphorus from bone. It
is also clear that vitamin D deficiency
adversely affects the musculoskeletal
system, predisposing to rickets in chil-
dren and osteomalacia and osteoporosis
in adults. The potential role of vitamin
D in the pathogenesis of statin-induced
myopathy and myalgias is debatable,
although currently it appears reason-
able to use vitamin D supplementa-
tion in patients with such symptoms,
especially if they also have deficient or
even mildly reduced vitamin D levels.?
Indeed, musculoskeletal pain is gener-
ally the first and most common subjec-
tive complaint in individuals who are
vitamin D deficient.*

The potential roles of vitamin D
deficiency on risk of cancer develop-
ment, especially colorectal cancer, risk
of numerous cardiovascular diseases,
and all-cause mortality rates are being

studied.? Clearly, vitamin D deficiency
is now recognized to be highly preva-
lent in the United States and world-
wide, affecting up to 50% of the general
population, although the exact cutoff
values used to define vitamin D defi-
ciency and its severity are not firmly
established (Table 1). Regardless, an
extremely low level of <10 ng/mL, as
in the case outlined above, represents
a vitamin D deficiency that is likely to
have pathological implications for both
the musculoskeletal and cardiovascu-
lar systems. The major risk factors for
developing vitamin D deficiency are
listed in Table 2. In our patient, darkly
pigmented skin, obesity, indoor life-
style, and physical inactivity all likely
played a role in her severely reduced
vitamin D level.

There is increasing evidence that
vitamin D plays a substantial role in
determining the risk of various cardio-
metabolic conditions, particularly meta-
bolic syndrome/type 2 diabetes mellitus
and systemic hypertension, and epide-
miological studies suggest that CHD
risk may also be increased. Vitamin D
may increase risk for atherosclerosis,
CHD, and other cardiovascular diseases
through several potential mechanisms
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(Figure).? Chronic vitamin D deficiency
increases the levels of parathyroid hor-
mone and can cause secondary hyper-
parathyroidism, which may mediate
many adverse cardiovascular effects,
especially for those individuals with
concomitant renal disease. Vitamin D
also plays a role in regulating the renin-
angiotensin-aldosterone  system, and
vitamin D deficiency upregulates the
renin-angiotensin-aldosterone  system
and predisposes to hypertension, as well
as hypertrophy of smooth muscle cells
in the vascular tree and the left ventri-
cle. Vitamin D also affects mechanisms
related to metabolic syndrome/type 2
diabetes mellitus. A recent randomized,
placebo-controlled trial showed that sup-
plementing obese adolescents who had
vitamin D deficiency with 4000 IU/d of
vitamin D, improved insulin sensitivity
and the leptin/adiponectin ratio.

Low levels of vitamin D also may
increase inflammation, both directly
and via increases in parathyroid
hormone. Additionally, there is evi-
dence that vitamin D deficiency may
predispose to depression,® a known

Table 1. Current Vitamin D Status

Serum
25-Hydroxyvitamin D,
ng/mL Vitamin D Status
<10 Severe deficiency
10-20 Deficiency
20-30 Mild to moderate
deficiency
>30 Sufficient
40-50 Ideal
50-150 Indeterminate data*
>150 Toxicity
Institute of Medicine definitions
<12 At risk of deficiency
12-19 At risk of inadequacy
20-50 Sufficient
>50 Possibly harmful

*Some data suggest increased falls, fractures,
certain cancers, and even cardiovascular risk at
values >50 ng/mL.

Adapted with permission from Lavie et al.?
Authorization for this adaptation has been
obtained both from the owner of the copyright in
the original work and from the owner of copyright
in the translation or adaptation.
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cardiovascular risk factor,”® and
abnormalities in cognitive function.
Although a causal link between vita-
min D and major cardiovascular dis-
eases and mortality has not yet been
established, numerous major epide-
miological studies, which we recently
reviewed,” have found highly signifi-
cant correlations between low levels of
vitamin D and cardiovascular disease,
CHD, and mortality.

Two recent studies of vitamin D and
cardiovascular diseases are of note.*!
The Copenhagen City Heart Study’
assessed 10170 men and women in
1981 to 1983, analyzed these patients
for major cardiovascular diseases during
a 29-year follow-up, and demonstrated
that lower levels of vitamin D were asso-
ciated with 64% higher risk of myocar-
dial infarction, 57% higher risk of early
death, and 81% higher risk of fatal CHD
events. The authors also analyzed 17
population-based prospective studies,
assessing the data with and without the
Copenhagen City Heart Study, which
was the largest study. Regardless of
whether the Copenhagen City Heart
Study was included, there was an =40%
higher risk of CHD and death in the low-
est quartile of 25(OH)D levels.

The Whitehall study'® performed a
13-year follow-up of 5409 mostly older
men (mean age, 77 years), showing that
higher concentrations of 25(OH)D were
inversely and linearly correlated with
both vascular and nonvascular mortality.
After statistical adjustment, doubling of
25(OH)D concentrations was associ-
ated with 20% and 23% reductions in
vascular and nonvascular mortality,
respectively. They also performed a
meta-analysis of 12 prospective studies
with 4632 vascular deaths and 18 pro-
spective studies with 11734 deaths from
all causes, demonstrating that those in
the top quartile of 25(OH)D compared
with the bottom quartile had 21% and
28% lower vascular and total mortality,
respectively. Although the Copenhagen
City Heart Study,” the Whitehall study,'
and accompanying meta-analyses from
both studies support the importance of
25(OH)D in cardiovascular diseases and
vascular and nonvascular mortality,>*!°

Table 2. Major Risk Factors for
Vitamin D Deficiency

Aging

Increased distance from the equator
Shorter days related to nonsummer seasons
Indoor lifestyle

Darkly pigmented skin
Institutionalized/housebound
Sunscreens and cover-up clothing
Air pollution

Smoking

Obesity

Physical inactivity

Genetic factors

Malabsorption

Renal disease

Liver disease

Certain medications: Glucocorticoids, antirejection
medications, human

immunodeficiency virus medications, certain
antiepileptic drugs

Reproduced from Lavie et al?> with permission
from the publisher. Copyright © 2011, Elsevier.

a large-scale, randomized, controlled
trial is underway.'!

At present, vitamin D supplementa-
tion appears to be indicated for a sizable
proportion of the general population.
Although the Institute of Medicine
suggests that North Americans need on
average 600 IU of vitamin D daily and
those >70 years of age may require as
much as 800 IU/d," considering that
the average US adult consumes only
230 IU daily, has minimal sun expo-
sure, and uses sunscreens heavily when
in the sun to prevent skin damage and
skin cancers,'® many experts have sug-
gested that higher doses (in the range
of 800-2000 IU daily) may be needed.
These higher doses are difficult to
obtain without routine supplementa-
tion, especially in areas with extreme
winter climates and in higher altitudes.>

Sunlight is the most potent source
of vitamin D, with =3000 IU of vita-
min D, obtained during 5 to 10 minutes
of midday, midyear exposure of arm
and legs for a light-skinned white per-
son.>'* In addition, to maintain a nor-
mal vitamin D level, many people may
need daily supplementation of 1000 to
2000 IU of vitamin D, or 50000 IU of
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Figure. Potential mechanisms for cardiovascular (CV) effects of vitamin D deficiency. DM indicates diabetes mellitus; HTN, hypertension;
LVH, left ventricular hypertrophy; MetS, metabolic syndrome; and RAAS, renin-angiotensin-aldosterone system. Reproduced from Lavie
et al? with permission from the publisher. Copyright © 2011, Elsevier.

either vitamin D, or D, every 2 weeks
(Although vitamin D, is more potent, it
is usually not available in this dose)."
For patients with significant vitamin D
deficiency, as in the patient presented
here, this high dose should be started
once or twice weekly for 2 to 3 months,
followed by maintenance therapy (rou-
tine sunlight exposure, 800-2000 IU of
vitamin D, daily, or 50000 IU of vita-
min D, or D, every 2 weeks).

Case Resolution

After receiving 50000 IU oral vitamin D,
twice weekly for 10 weeks, followed by
50000 IU twice monthly, our patient had
resolution of her myalgias, which allowed
her to resume a more physically active
lifestyle. She was also able to restart her
atorvastatin (40 mg/d initially and then
80 mg/d), which she tolerated. She sub-
sequently noted marked improvements in
her CHD risk factor profile.
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