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Vitamin D deficiency may play a role 
in the pathogenesis of chronic heart 

failure, but whether giving patients supple-
ments to raise their vitamin D levels into the 
normal range improves their survival is not 
clear.

■■ ASSOCIATION BETWEEN VITAMIN D  
DEFICIENCY AND OTHER DISORDERS

In the mid-17th century, Whistler and Glis-
son independently described rickets as a se-
vere bone-deforming disease characterized 
by growth retardation, bending of the spine, 
deformities of the legs, and weak and toneless 
muscles. Histologically, rickets is character-
ized by impaired mineralization of the carti-
lage in the epiphyseal growth plates in chil-
dren. In 1919, Sir Edward Mellanby identified 
vitamin D deficiency as the cause.
	 Osteomalacia, another disease caused by 
vitamin D deficiency, is a disorder of mineral-
ization of newly formed bone matrix in adults. 
Vitamin D, therefore, has well-known roles 
in maintaining bone health and calcium and 
phosphorus homeostasis. 
	 In addition, vitamin D deficiency has been 
shown in recent years to be associated with 
myocardial dysfunction.1,2

■■ VITAMIN D METABOLISM IS COMPLEX

Vitamin D’s metabolism is complex and in-
volves many organ systems (FIGURE 1).
	 In skin exposed to ultraviolet B light, the 
provitamin 7-dehydrocholesterol is converted 
to vitamin D3 (cholecalciferol). Vitamin D3 is 
also obtained from dietary sources. However, 
many scientists consider vitamin D more a 
hormone than a classic vitamin, as adequate 
exposure to sunlight may negate the need for 
dietary supplements.
	 The active form of vitamin D is synthe-
sized by hydroxylation in the liver and kidney. 
In the liver, hepatic enzymes add a hydroxyl 
(OH) group to vitamin D3, changing it to 
25-hydroxyvitamin D3. In the kidney, 25-hy-
droxyvitamin D3 receives another hydroxyl 
group, converting it to the biologically active 
metabolite 1,25-dihydroxyvitamin D3 (cal-
citriol). This renal hydroxylation is via 1-al-
pha-hydroxylase activity and is directly under 
control of parathyroid hormone (PTH), and 
indirectly under control of the serum concen-
trations of calcium.
	 Interestingly, a number of different or-
gan cells, including cardiomyocytes, also 
express 1-alpha-hydroxylase and there-
fore also convert 25-hydroxyvitamin D3 
to 1,25-dihydroxyvitamin D3. Unlike the 
renal hydroxylation, this extrarenal pro-
cess depends on cytokine activation and 
on serum levels of 25-hydroxyvitamin D3.3 
Low levels of 25-hydroxyvitamin D3 lead to 
alterations in cellular control over growth, 
differentiation, and function.
	 The active form of vitamin D is transport-
ed protein-bound in the blood to various tar-
get organs, where it is delivered in free form 
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to cells. Specific nuclear receptor proteins are 
found in many organs not classically consid-
ered target organs for vitamin D, including the 
skin, brain, skeletal muscles, cardiomyocytes, 
vascular endothelial cells, circulating mono-
cytes, and activated B and T lymphocytes. 
Vitamin D plays a significant role in the au-
tocrine and paracrine regulation of cellular 
function, growth, and differentiation in vari-
ous organs.3

■■ MOST HEART FAILURE PATIENTS 
HAVE LOW VITAMIN D LEVELS

More than 40% of men and 50% of women in 
the United States have low vitamin D levels 
(< 30 ng/mL [75 nmol/L])—and low levels in 
adults are associated with both coronary artery 
disease and heart failure.4 Most patients with 
heart failure have low levels.5,6 Therefore, 
screening for vitamin D deficiency in patients 
with heart failure is appropriate and encour-
aged.
	 Low vitamin D levels carry a poor progno-
sis. Pilz et al5 measured baseline 25-hydroxyvi-
tamin D3 levels in 3,299 patients referred for 
elective coronary angiography and followed 
them prospectively for a median of 7.7 years. 
Even after adjustment for cardiac risk factors, 
patients who had low 25-hydroxyvitamin D3 
levels were more likely to die of heart failure 
or sudden cardiac death than patients with 
normal levels. 
	 Boxer et al7 found an association between 
low 25-hydroxyvitamin D3 levels and low ex-
ercise capacity and frailty in patients with sys-
tolic heart failure.

■■ LOW VITAMIN D CONTRIBUTES TO  
THE PATHOGENESIS OF HEART FAILURE

In recent years, ideas about the pathophysi-
ology of heart failure have expanded from a 
purely hemodynamic view to a more complex 
concept involving inflammatory cytokines 
and neurohormonal overactivation.8

	 Animal studies first showed vitamin D to 
inhibit the renin-angiotensin-aldosterone sys-
tem, activation of which contributes to the 
salt and water retention seen in heart failure.4,9 
	 In addition, vitamin D has a number of ef-
fects that should help prevent hypertension, 

an important risk factor for heart failure. It 
protects the kidney by suppressing the renin-
angiotensin-aldosterone system, prevents sec-
ondary hyperparathyroidism and its effects on 
vascular stiffness, prevents insulin resistance, 
and suppresses inflammation, which protects 
vascular endothelial cells.10

	 The first studies to show a connection 
between cardiovascular homeostasis and vi-
tamin D status were in animal models more 
than 20 years ago. These studies showed that 
1,25-dihydroxyvitamin D3 acts directly on 
cardiomyocyte vitamin D receptors, which are 
widely distributed throughout the body in sev-
eral tissue types.11

	 Excess PTH levels associated with low vi-
tamin D levels may play a role in cardiovascu-

FIGURE 1 

Vitamin D3

(cholecalciferol)
Vitamin D2

(ergocalciferol)

25-hydroxyvitamin D3

(calcidiol)

1, 25-dihydroxyvitamin D3

(calcitriol)

via 1-alpha
hydroxylase

via 1-alpha
hydroxylase

Increased bone resorption (mediated via PTH)
Increased intestinal absorption of calcium and phosphate
Decreased renal excretion of calcium
Regulates cellular growth, function, and differentiation

Parathyroid
hormone

(PTH)

Ultraviolet light

Dietary intake

Liver

Kidneys Other organs

Skin exposed to
ultraviolet light

7-dehydrocholesterol
(pre-vitamin D)

Cytokines

Skin exposed to
ultraviolet light

7-dehydrocholesterol
(pre-vitamin D)

Synthesis and effects of vitamin D



292  CLEVELAND CLINIC JOURNAL OF MEDICINE    VOLUME 77  •  NUMBER 5    MAY  2010

lar disease by leading to cardiomyocyte hyper-
trophy and interstitial fibrosis of the heart.12 
Animal studies have found that vitamin D 
suppresses cardiac hypertrophy.13 Vitamin D 
also plays a role in cardiomyocyte relaxation 
and may abrogate the hypercontractility asso-
ciated with diastolic heart failure.2,14

	 Currently, it is unclear whether vitamin D 
deficiency is a causative risk factor for heart 
failure or simply a reflection of the poor func-
tional status of patients with heart failure that 
leads to decreased exposure to sunlight. This 
debate will continue until further randomized 
clinical trials address this association.

■■ VITAMIN D AND HEART TRANSPLANTATION

One would expect that patients with end-
stage organ failure would be at high risk of vi-
tamin D deficiency because of limited sunlight 
exposure. However, few studies have evaluat-
ed the role of this vitamin in heart transplant 
recipients. 
	 Stein and colleagues15 measured serum 
25-hydroxyvitamin D3 immediately after trans-
plantation in 46 heart and 23 liver transplant 
recipients. Levels were low in both types of 

transplant recipients, but liver transplant re-
cipients had significantly lower levels than 
heart transplant patients. This could be ex-
plained by malabsorption and impaired synthe-
sis of 25-hydroxyvitamin D3 in end-stage liver 
disease.
	 Also, an important point is that osteopo-
rosis is prevalent in postcardiac transplant 
patients and likely related to the immunosup-
pressive agents these patients must take.16 In 
theory, increasing the body’s stores of vitamin 
D during the pretransplant period could lower 
the rate of bone loss and osteoporosis after car-
diac transplantation.
	 Further investigation is needed to deter-
mine whether restoring adequate levels of 
vitamin D at the time of or after transplanta-
tion prevents graft rejection or improves sur-
vival.

■■ VITAMIN D SUPPLEMENTATION 
AND SURVIVAL IN HEART FAILURE

Vitamin D requirements vary, depending in 
part on sun exposure and age, from 200 to 600 
IU per day (TABLE 1). Currently, experts believe 
these recommendations are outdated and esti-
mate that optimal amounts are closer to 1,000 
IU daily.17,18 Further studies are needed to 
update the current guidelines on the optimal 
amount of vitamin D intake.
	 The best laboratory test to assess vitamin 
D levels is the serum 25-hydroxyvitamin D3 
concentration. A level between 20 and 30 ng/
mL (50–75 nmol/L) is considered insufficient, 
and a level below 20 ng/mL (50 nmol/L) rep-
resents vitamin D deficiency.4,5,11 
	 Vitamin D insufficiency is typically treat-
ed with 800 to 1,000 IU of vitamin D3 daily, 
whereas deficiency requires 50,000 IU of vita-
min D3 weekly for 6 to 8 weeks, followed by 
800 to 1,000 IU daily.19 The goal of therapy is 
to increase the serum 25-hydroxyvitamin D3 
level above 30 ng/mL.19

	 Currently, it is unknown if vitamin D 
supplementation improves survival in heart 
failure. We recommend testing for vitamin 
D deficiency in all patients with heart fail-
ure and treating them as described above. For 
heart failure patients that are not deficient, 
daily intake of 800 to 1,000 IU of vitamin D is 
reasonable. Our review underscores the need 
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TABLE 1

Recommended daily vitamin D 
intake for men and women
AGE 
(YEARS) a

Adequate 
intake (IU) b

TOLERABLE UPPer 
INTAKE (IU) c 

14–18 200 2,000

19–50 200 2,000

50–70 400 2,000

> 70 600 2,000

a Recommendations are the same for pregnant or lactating 
women. 
b “Adequate intake” refers to the recommended daily intake 
of vitamin D to maintain bone and calcium in healthy 
individuals and assumes that vitamin D is not synthesized by 
exposure to ultraviolet light. A recommended daily allowance 
has not been established due to insufficient evidence. 
c “Tolerable upper intake” refers to the maximum daily intake 
associated with the fewest adverse effects.

Institute of Medicine, Food and Nutrition Board. Dietary Ref-
erence Intakes: Calcium, Phosphorus, Magnesium, Vitamin D, 

and Fluoride. Washington, DC: National Academy Press, 1997.

VITAMIN D and HEART FAILURE
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for more studies to evaluate the efficacy of vi-
tamin D replacement in improving survival in 
patients with heart failure.

■■ KEY POINTS

•	 Screening for vitamin D deficiency in pa-
tients with heart failure is appropriate and 
encouraged.

•	 Vitamin D deficiency is common in pa-

tients with heart failure and in heart trans-
plant recipients.

•	 In theory, achieving adequate levels of vi-
tamin D would have a beneficial effect on 
patients with heart failure.

•	 Randomized controlled trials are needed 
to determine if vitamin D supplementa-
tion confers a survival benefit in patients 
with heart failure who have deficient vita-
min D levels.	 ■
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