
Diane E. Wallis, MD
Midwest Heart Specialists

What’s the Deal with Vitamin D WhatWhat’’s the Deal with Vitamin D s the Deal with Vitamin D 
Vitamin D Deficiency, 

Hyperparathyroidism, and the Heart



Presenter Disclosure InformationPresenter Disclosure InformationPresenter Disclosure Information

I have no financial relationships to disclose.



OverviewOverviewOverview

� Describe why vitamin D, PTH and the skeleton 
are important to the heart and vasculature

� Understand the extent and severity of 
hypovitaminosis D 

� Provide evidence linking hypovitaminosis D and 
secondary hyperparathyroidism to heart disease

� Demonstrate the urgency for further research and 
scrutiny from the medical community



Nonskeletal Actions of Vitamin DNonskeletalNonskeletal Actions of Vitamin DActions of Vitamin D

� Regulation of:
� Hormone secretion (insulin, renin)
� Immune function (phagocytic, immunomodulatory)
� Cellular proliferation and differentiation (anti-tumor, 

epidermal, follicular,activity)

� Most tissues have receptors (VDRs) 
� Many tissues have enzymes for the “on-site”

activation provided sufficient substrate



Diseases Associated with
Vitamin D Deficiency

Diseases Associated withDiseases Associated with
Vitamin D DeficiencyVitamin D Deficiency

Nervous system
Fatigue, weakness
Depression, seasonal affective 
disorder
Neuropathy, myopathy
Multiple sclerosis
“Fibromyalgia”
Gait disturbances, falls

Endocrine
Diabetes

Skin 
Psoriasis
Melanoma

Malignancy
Breast
Prostate
Colon
Lymphoma

Autoimmune diseases



Vitamin D  SynthesisVitamin D  SynthesisVitamin D  Synthesis

Sunshine

(UV-B) 7-dehydrocholesterol

Previtamin D Vitamin D3 (cholecalciferol)

25-hydroxy Vitamin D

(calcidiol))

1,25-dihydroxy Vitamin D 

(calcitriol)
Calcium        



� What is the physiologic limits of substrate 
absorption of vitamin D 
� 200 IU daily

� 800 IU daily
� 2000 IU daily

� 10,000 IU daily



Vitamin D levels and Sun Exposure-
From This…..

Vitamin D levels and Sun ExposureVitamin D levels and Sun Exposure--
From ThisFrom This……....

10,000 units daily



To ThisTo ThisTo This
� Skin exposure today < 5%

� ­ skin melatonin ¯ Vit D 3 to 6 x
� Aging ¯ depletes skin 7 

dehydrocholesterol
� Dependent on latitude and time of day
� Clothing, clouds, smog, window glass & 

sunscreen  block UVB
� Removed by chlorine or washing within 1 

hour of sun exposure
� Obesity reduces Vit D 

Utiger RD.The need for more vitamin D. NEJM 1998;338:828-829



� Current dietary allowances of vitamin D in 
adults were established

A. To achieve physiologic concentrations of vitamin D

B. To be equivalent to vitamin D content in ½ teaspoon 
of cod liver oil

C. To prevent osteomalacia

D. To prevent osteoporosis 



How Current FDA Recommendations 
were Established

How Current FDA Recommendations How Current FDA Recommendations 
were Establishedwere Established

No published data showing this dose has any effect on 
25(OH) D concentration

46% of those on multivitamins are deficient in vitamin D
Thomas MK, NEJM 1998

+++ === 400 iu ÷÷÷ 2



� What are physiologic levels of vitamin D?
A. 25OHD level of > 30 ng/mL

B. It depends on season and latitude
C. The level in which parathyroid hormone no longer 

falls
D. Whatever the laboratory reference ranges say it 

should be



What Should the Normal Level of 
Vitamin D Be?

What Should the Normal Level of What Should the Normal Level of 
Vitamin D Be?Vitamin D Be?

� Lowest range is when PTH starts to rise 
� When PTH no longer falls w/ substrate repletion
� No change with latitude or season 
� Levels >40 ng/ml necessary to achieve full 

physiologic vitamin D actions
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Relationship of Serum Levels of Parathyroid Hormone and Relationship of Serum Levels of Parathyroid Hormone and 
Vitamin DVitamin D



Average Vitamin D Levels
in Equatorial “Normals”

Average Vitamin D LevelsAverage Vitamin D Levels
in Equatorial in Equatorial ““NormalsNormals””

� Farmers in Puerto Rico
� Lifeguards in St. Louis

� Lifeguards in Israel
� Sun-drenched people

� 54 ng/ml

� 65 ng/ml
� 59 ng/ml

� 80 ng/ml

Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and safety.

Am J Clin Nutr 1999;69:842-856



Looker, A. C. et al. N Engl J Med 1998;339:344-346

Worldwide Reference Ranges Worldwide Reference Ranges 
for Serum 25for Serum 25--OH DOH D

Lower limit of 25(OH)D 
from 40 labs in 8 
countries ranged from 3 
ng/ml to 18 ng/ml



Vitamin D StatusVitamin D StatusVitamin D Status
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To convert from nmol/L to ng/L divide by 2.496



Who is at risk for vitamin D deficiency
� A. Breast fed infants
� B. Medical house staff
� C. Veiled women
� D. Arizona residents
� E. 1., 2., & 3.
� F. All of the above



Scope of Vit D-ficiencyScope of Scope of VitVit DD--ficiencyficiency
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Vieth R. Am J Clin Nutr 1999; Jacobs ET Am J Clin Nutr 2008 87:1463:608-613



Fuleihan, G. E.-H. et al. N Engl J Med 1999;340:184 0-1841

2525--OH OH VitVit D and PTH in 465 Women from the D and PTH in 465 Women from the 
Village of NabiVillage of Nabi--Shit in the Bekaa Valley, LebanonShit in the Bekaa Valley, Lebanon



Women and Vitamin D DeficiencyWomen and Vitamin D DeficiencyWomen and Vitamin D Deficiency
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Causes of Vitamin D DeficiencyCauses of Vitamin D DeficiencyCauses of Vitamin D Deficiency
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Vitamin D in the Heart
and Vasculature

Vitamin D in the HeartVitamin D in the Heart
and Vasculatureand Vasculature
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Zittermann A et al. JACC 2003:41:105

Somgen D et al. Circulation. 2005 Apr 5;111(13):1666-71



Parathyroid Hormone and the HeartParathyroid Hormone and the HeartParathyroid Hormone and the Heart
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Baczynski R et al. Kidney International 1985;27:718. Somgen D et al. Circulation. 2005 Apr 
5;111(13):1666-71; Smogorzewski M et al. Kidney International 1988;34:797
Amann K et al. J Am Soc Nephrol 1994;4:1814-1819
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Bone 
formation Bone resorption

Calcitriol ­ and PTH ¯ OPG



RANKLRANKLRANKL

� Expressed on T cells and activated endothelium
� Structurally homologous to TNF

� Up regulated by PTH
� Up regulates local vascular inflammation, angiogenesis, and 

osteogenic differentiation and calcification in vascular SMC’s
� Upregulates synthesis of matrix-degrading enzymes MMP in 

fibroblasts, facilitating collagen degradation
� Correlates with severity of heart failure

� Stimulating remodeling

� Alveolar bone loss in peridontitis



Osteoprotegerin (OPG)Osteoprotegerin (OPG)Osteoprotegerin (OPG)
Produced by coronary artery smooth muscle, endothelial cells, 

and immune cells in vessel walls
Protective

� Limiting inflammation and matrix breakdown
� Inhibits vascular calcification

� Harmful
� Apoptosis
� Monocyte chemotaxis
� Metalloproteinase (MMP) activation

� Correlates positively with homocysteine, DM, age, CKD, 
fibrinogen, hsCRP, soluble adhesion molecules, metabolic 
syndrome, vascular calcification

Kiechl S et al. Circ 2007:116:385; Am J Med 1999;106:273-278



RANKL, OPG in the Skeletal, 
Immune, and Vascular System
RANKL, OPG in the Skeletal, RANKL, OPG in the Skeletal, 

Immune, and Vascular SystemImmune, and Vascular System

� RANKL expression increased
� Interleukin 1, 7,11, 17
� TNF �
� Prostaglandin E2
� Glucocorticoids
� PTH

� RANKL production decreased
� IL-4, TGF-�
� 17 � -estradiol

� OPG production increased
� IL-1, IL-13, IL-18
� TNF � , TGF-�
� 17 � -estradiol
� Leptin

� OPG production decreased
� Glucocorticoids
� Cyclosporin A
� Troglitazone
� Prostaglandin E2
� PTH



RANKL, OPG in CVDRANKL, OPG in CVDRANKL, OPG in CVD
� Virtually all studies report relation between OPG levels 

and vascular disease 
� RANKL significant independent predictor of vascular 

risk
� RANKL and OPG are upregulated in plaque prone to 

destabilization and rupture
� RANKL expression on T cells amplified in unstable 

plaque phenotypes
� Elevated OPG marker for death, MI, stroke in acute 

coronary syndrome complicated by CHF

Kiechl S et al. Soluble receptor activator of nuclear factor-kb ligand and risk for 
cardiovascular disease. Circ 2007:116:385; Ueland T et al. Prognostic value of OPG in HF 
after AMI. JACC 2004;44:1970; Kiechl S et al. Expert Rev Cardiovasc Ther 2006:4:801
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Potential Mechanisms for CV Toxicity of Vitamin D De ficiency



Cardiovascular Diseases Linked to Vitamin D 
Deficiency and Hyperparathyroidism

Cardiovascular Diseases Linked to Vitamin D Cardiovascular Diseases Linked to Vitamin D 
Deficiency and HyperparathyroidismDeficiency and Hyperparathyroidism

� Hypertensive heart 
disease

� HOCM

� Aortic stenosis
� Mitral annular 

calcification

� Myocardial Infarction
� Stroke

� Hypertension
� Heart failure

Shane et al. Shane et al. AMAMJ 1997:103:197, J 1997:103:197, SchluterSchluter KD, Piper HM. KD, Piper HM. CV ResCV Res 1998;39:523; 1998;39:523; SmogorzewskiSmogorzewski M et M et 
al. al. Kidney InternationalKidney International 1988;34:797; 1988;34:797; BaczynskiBaczynski R et al. R et al. Kidney InternationalKidney International 1985;27:7181985;27:718



Epidemiologic EvidenceEpidemiologic EvidenceEpidemiologic Evidence

� Cardiac death is highest in winter months and 
northern countries

� Relative risk of MI 0.43 (95% CI 0.27-0.69) in 
those with above versus below median vitamin 
D concentrations

� Oily fish protects against CAD
� Stroke patients have lower vitamin D and higher 

PTH concentrations than controls



Sudden Cardiac Death and Vit DSudden Cardiac Death and Sudden Cardiac Death and VitVit DD

� 3299 patients referred to coronary 
angiography
� Follow up of 7.7 years

� Lowest 25OHD associated with NYHA IV CHF

� Threefold ­ death from HF and 5x ­ in SCD with 
25OHD < 10 ng/mL versus > 30 ng/mL

Pilz S et al J Clin Endocrin Metab 2008 ;93:3927-3935



Disease and Outcome Studies in Vitamin D DeficiencyDisease and Outcome Studies in Vitamin D DeficiencyDisease and Outcome Studies in Vitamin D Deficiency

Zittermann A, 20080.51 (95%CI, 0.33-0.77) 
Calcitrol >28 pg/L vs <17 pg/L

Congestive heart failure, death

Knekt P, 2008OR – 0.28 (95% CI, 0.10-0.81) for males, for <30ng/mL vs
<10ng/mL

Diabetes mellitus, incidence

Scragg R, 2005OR = 0.25 [95% CI, 0.11-0.60]for non-Hispanic whites for 
>32.4 ng/mL vs<17.6 ng/mL

Diabetes mellitus, prevalence

Melamed ML, 2008PR = 1.35 (95% CI, 1.15-1.59) for each 10 ng/mL lowerPeripheral artery disease, 
prevalence

Forman JP, 2007RR = 3.18 (95% CI, 1.39-7.29), 
<15 ng/mL vs >30 ng/mL

Hypertensive disease, incidence

Pilzs, 2008OR = 0.67 (0.46 to 0.97; p = 0.032) per Z valueStroke, death

Wang TJ, 2008HR = 1.80 (95% CI, 1.05-3.08)
<10 ng/mL vs >15 ng/mL

Cardiovascular disease, 
incidence

Dobnig H, 2008HR=2.17 (95% CI, 1.58-2.99) <10ng/mL; =
1.40 (1.03-1.91), >10 ng/mL but <20 ng/mL

Coronary heart disease, death

Giovannucci E, 2008RR, 2.09 (95% CI, 1.24-3.54; p = 0.02)
<10 ng/mL vs >30 ng/mL

Coronary heart disease, 
incidence

ReferenceResults w/respect to serum 25 (OH)D levelDisease and Outcome



Activated Vitamin D and 
Hemodialysis Survival

Activated Vitamin D and Activated Vitamin D and 
Hemodialysis SurvivalHemodialysis Survival

� 37,173 vs 13,864 HD patients 
on iv calcitriol followed for 2 
years

� Mortality 13.8 vs 28.6/100 
person years in treated group

� CV mortality 7.6 vs 14.6/100 
person years

� Survival advantage of 26%

Teng M et al. J am Soc Nephrol 2005;16:1115



Low Bone Mass and Cardiovascular 
Mortality

Low Bone Mass and Cardiovascular Low Bone Mass and Cardiovascular 
MortalityMortality

• Each standard deviation ¯ in bone mineral content 
­ mortality 43%

• 2.3 x risk of cardiovascular death in women with 
lowest bone mass 

Am J Med 1999;106:273-278



Osteoprotegerin as an independent marker of 
subclinical atherosclerosis in osteoporotic 

postmenopausal women.

Osteoprotegerin as an independent marker of Osteoprotegerin as an independent marker of 
subclinical atherosclerosis in osteoporotic subclinical atherosclerosis in osteoporotic 

postmenopausal women.postmenopausal women.

� 70 postmenopausal women with osteoporosis 
without CAD 

� Serum OPG levels associated with arterial 
stiffness and fibrinogen

� Serum OPG is potentially an independent 
predictor of adverse vascular changes in 
osteoporotic postmenopausal women.

� Shargorodsky M, Boaz M, Luckish A, Matas Z, Gavish D, Mashavi M.



Primary HyperparathyroidismPrimary HyperparathyroidismPrimary Hyperparathyroidism

Prevalence of 188/100,000 women >60 years
Women outnumber men 3:1
Excess mortality and morbidity due to CV diseases 

(CHF, MI, CVA)
Independent predictor of LVH
Vitamin D deficiency triggers hyperplasia/adenomas

HedbackHedback G. G. EurEur J Clin Invest 1998;28:271, Lundgren E et al. BMJ 317:1998;317:8J Clin Invest 1998;28:271, Lundgren E et al. BMJ 317:1998;317:848. 48. FardellaFardella
C, RodriguezC, Rodriguez--Portales JA. J Portales JA. J EndocrinolEndocrinol Invest 1995:18:827. Invest 1995:18:827. SalehSaleh FN et al. FN et al. EurEur Heart J  Heart J  
2003;24:2054. Symons C et a. Br Heart J 1985;54:5392003;24:2054. Symons C et a. Br Heart J 1985;54:539



Hypertrophic Cardiomyopthy and 
Hyperparathyroidism

Hypertrophic Hypertrophic CardiomyopthyCardiomyopthy and and 
HyperparathyroidismHyperparathyroidism

� 16 patients with primary hyperparathyroidism, 6 
patients with hypercalcemia and 18 patients w/ 
IHSS
� Elevated PTH in 28% of IHSS

� 87% 10 HPTH had either IHSS, LVH, or asymmetric 
septal hypertrophy 

� No hypertrophy in nonparathyroid hypercalcemic
patients

Symons C et a. Br Heart J 1985;54:539Symons C et a. Br Heart J 1985;54:539



PTH levels and Prognosis in the 
Elderly

PTH levels and Prognosis in the PTH levels and Prognosis in the 
ElderlyElderly

842 patients > 80 years (75% women)
41% mortality over mean follow-up 31 months 

� 25(OH) D, PTH, and bone density significantly 
associated with mortality even after adjustment 
for health & nutritional status, and renal function 

J Clin Endocrinol Metab 2004 Nov;89(11):5477



CHF, PTH and Vitamin DCHF, PTH and Vitamin DCHF, PTH and Vitamin D

� Loop diuretics cause parathyroid activation
� 50% of CHF patients have metabolic bone disease
� 57% of CHF exercise-incapable patients have severe 

deficiency (25OHD < 9 ng/ml) versus  23% of CHF 
exercise-capable patients

� Lowest V02 correlates with lowest Vit D levels and the 
worst prognosis 

� PTH > 65 pg/ml found in 30% of CHF patients
� PTH levels correlated with CHF severity

Shane E, et al. Shane E, et al. AJMAJM 1997;103:197. 1997;103:197. ZittermannZittermann A et al. A et al. JACCJACC 2003:41:1052003:41:105
Weber KT. Weber KT. JACJACC 2004;44 1308C 2004;44 1308



Diastolic Dysfunction due to 
Hyperparathyroidism in Renal Disease

Diastolic Dysfunction due to Diastolic Dysfunction due to 
Hyperparathyroidism in Renal DiseaseHyperparathyroidism in Renal Disease

LVMI, diastolic function correlate w/ PTH in normotensive 
dialysis patients

¯ LVH, and diastolic dysfunction with parathyroidectomy or 
treatment with calcitriol

Stabilization of cardiac calcification after parathyroidectomy

Strozecki P et al. Ren Fail 2001 23:115, Chow KM J Nephrol 2003;16:878. Stefenelli T. J Clin 
Endocrinal Metab 1997;82:106. Sato S et al. Miner Electrolyte Metab 1995:21:67. Plovesan A et al. 
Clin Endocrin 1999;50:32. Park CW et al. Am J Kidney Dis 1999;33:73. Lemmila et al. Am J 
Nephrol 1998:18:404. Drueke T et al. Lancet 1980;1:112. Nagashima M et al. Circulation J 
2003;67:269



Vitamin D Deficiency and HTNVitamin D Deficiency and HTNVitamin D Deficiency and HTN

� HTN less severe when 25 OH Vit D is >40 ng/ml 

� 25OHD 10 ng/ml ­ to 29 ng/ml ¯ BP 144/85 to 131/78 
mmHg

� PTH infusion results in hypertension in normal subjects. 
� 1484 healthy RN’s from the second Nurses Health Study

� 66% with levels < 30 ng/ml, risk HTN 47% higher
� 66% higher risk of HTN highest vs. lowest quartiles
� Vitamin D deficiency attributed to 23.7% of new cases/year 

in women

Krause R et al Lancet 352:709, 1998 Pfeiffer M et al. J Clin Endocrinol Metab 
2001;86:1633, J Clin Hypertension 1986;4:360; Forman JB et al. Hypertension 
2008;52:828-832



Recommendations to replace vitamin 
D include:

Recommendations to replace vitamin Recommendations to replace vitamin 
D include:D include:

1. 5 minutes of sun to the face and hands each day
2. 15 minutes of sun at noon every day
3. A tablespoon of cod liver oil daily
4. 1,0000 units of D3 daily
5. None of the above 



Vitamin D Replacement Vitamin D Replacement Vitamin D Replacement 

� Ergocalciferol (D2, Calciferol, Drisdol)
� 50,000 unit capsules
� Readily available, inexpensive in quantities of 50

� > 60% absorbed, long half-life

� Check 25OHD, intact PTH & calcium at 
baseline and q 3-4 months until within range 
and once to twice a year to follow
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Response of Serum Vitamin D Levels to SupplementationResponse of Serum Vitamin D Levels to Supplementation
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Treatment Recommendations for Vitamin D Deficiency





CaveatsCaveatsCaveats

� No “one size” fits all
� PTH levels may not decrease in those with renal 

insufficiency and/or due to ¯ activity of renal 1-� -hydroxylase
� PTH levels will not normalize if calcium or magnesium 

deficient
� A normal PTH may occur in severe, chronic vit D deficient 

pts due to rapid loss of skeletal calcium
� Correction of vitamin D deficiency may “unmask”

hypercalcemic diseases (malignancy, primary 
hyperparathyroidism, sarcoid)



RecommendationsRecommendationsRecommendations

� Measure 25 (0H) Vit D and intact PTH levels in:
� All CAD, HTN, normal LVEF CHF, CHF, HOCM
� In all sun and dietary deprived individuals
� In all patients w/ clues to vitamin D deficiency

� Treat to 25OH Vit D >40 ng/mL (guidelines >30 
ng/mL)

� Consider renal function and calcium intake ¯
� 24o urine for calcium, GFR if PTH fails to decline

� Engage endocrinology and nephrology expertise



Conclusions 
Vitamin D Deficiency and Hyperparathyroidism

Conclusions Conclusions 
Vitamin D Deficiency and HyperparathyroidismVitamin D Deficiency and Hyperparathyroidism

� Epidemic, unrecognized, untreated
� Significant morbidity and mortality
� Associated w/cardiovascular diseases
� Outcome research needed using treat to 

target trial designs


