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What is vitamin D, and how do you get it? 
Vitamin D is a group of secosteroids, derived from steroid precursors 
by the opening of the steroid B-ring between carbons nine and ten. 
Vitamin D has a cis-triene structure which is susceptible to oxidation, 
ultraviolet (UV) light-induced conformational changes, heat-induced 
conformational changes and attack by free radicals. [1,2] 

Cholecalciferol, also known as vitamin D3, is a 27-carbon molecule 
derived from cholesterol. [2] It is available through diet and through 
synthesis in the skin. [1] 7-dehydrocholesterol found in skin is 
converted to previtamin D3 following exposure to ultraviolet B (UVB) 
light. Previtamin D3 is unstable and breaks down to vitamin D3. This 
binds to vitamin D binding protein (VDP) and is delivered to the liver 
and other sites of action via the circulatory system. [3,4] Vitamin D 
levels are regulated in the body in a number of ways. While exposure 
to UVB radiation causes vitamin D3 production in the skin, excessive 
exposure to sunlight degrades it into inactive photoproducts. [5]

Ergocalciferol, also known as vitamin D2, is a 28-carbon molecule 
produced by irradiation of ergosterol found in plant and fungi, which 
is available through diet. [2,4] Vitamin D2 and D3 (available via diet) 
are absorbed with fat in the gastrointestinal system into chylomicrons, 
which are delivered to the liver or storage sites outside the liver, such 
as adipose tissue. [1]

The liver converts vitamin D3 to biologically inactive 
25-hydroxyvitamin D3 (calcidiol). This is converted to biologically 
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active 1,25-dihydroxyvitamin D3 (calcitriol) under the influence of 
renal 1α-hydroxylase predominantly in the kidney. [5,6]

1α-hydroxylase is under the control of parathyroid hormone (PTH). 
Calcitriol is regulated by negative feedback on itself, by increasing 
production of 25-hydroxyvitamin D-24 hydroxylase. This enzyme 
catabolises calcitriol to its biologically inactive form, calcitroic acid, 
which is excreted in the bile and urine. Other factors such as serum 
phosphorus, calcium and fibroblast growth factor 23 (FGF-23) can 
increase or decrease production of calcitriol. Increased serum calcium 
levels reduce PTH, causing down-regulation of 1α-hydroxylase, 
reducing calcitriol, and therefore calcium levels. [5,6] A simplified 
diagram of the biological function of vitamin D is outlined in Figure 1. 

1α-hydroxylase is the rate-limiting step in production of calcitriol. 
Although calcidiol is the most abundant form of vitamin D in the 
blood, it has minimal capacity to bind to vitamin D receptors (VDRs). 
1α-hydroxylation of calcidiol to calcitriol causes vitamin D to gain affinity 
for VDRs. [7] In recent years, 1α-hydroxylase has been found to exist 
at many extra-renal sites. The role of extra-renal vitamin D activation 
remains controversial, but may play a role in the hypothesised actions 
of vitamin D. [8]

VDRs are found in almost every cell in the body. Calcitriol actions occur 
through intracellular receptors and interaction with DNA via the classic 
steroid pathway. These receptors were originally thought to regulate 
genes responsible for regulation of serum calcium and phosphate. [1] 
More recently, they have been found to regulate transcription in many 
tissues and cells, including immune cells, bone marrow, skin, muscle 
and intestine. [1,9]

How does vitamin D affect cardiovascular disease?
Vitamin D deficiency has been associated with high blood pressure, 
risk for cardiovascular-related deaths, symptoms of depression, 
cognitive deficits and mortality. [10] Calcitriol inhibits renin synthesis, 
increases insulin production and increases myocardial contractility. 
[11-13] Vitamin D deficiency reduces serum calcium levels, causing an 
increase in PTH, which promotes atherosclerosis and cardiovascular 
risk. [14,15]

The majority of evidence for the role of vitamin D in cardiovascular 
disease (CVD) has arisen from studies involving patients with end stage 
renal disease. Cardiovascular mortality is ten to twenty times higher in 
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date, there have been no adequate, large and prospective, randomised 
controlled trials to test the efficacy of vitamin D supplementation for 
the prevention and treatment of type two diabetes mellitus. The 
current available data allows a recommendation that further research 
be conducted to determine whether adequate vitamin D levels may 
prevent the onset of type two diabetes. Type one diabetes mellitus will 
not be discussed in this review.

Insulin resistance has been associated with low serum vitamin D, 
which improved after treatment with vitamin D. [30-36] One study 
demonstrated a positive relationship between calcitriol and insulin 
sensitivity, and a negative effect of vitamin D deficiency on beta cell 
function. [12] These studies are limited by small sample size, subject 
selection and lack of randomisation. However, there was a clinical 
correlation and it is worthwhile investigating further the possibility of 
improvement in insulin sensitivity with vitamin D supplementation. 
Serum blood sugar levels and prevalence of type two diabetes mellitus 
increases with age, and vitamin D levels tend to fall with age. [37,38] 
Type two diabetes is associated with systemic inflammation, which 
may induce beta-cell dysfunction and death. [39] Several studies show 
that vitamin D could directly affect beta-cell growth and differentiation 
via modulation of systemic inflammation and the immune response. 
[39-42] One of these was a double-blinded 39-week follow-up study 
of interleukin-1 blockade with anakinra. [40] Although being limited 
by small sample size and limitations in subject selection, the study 
showed improvement in markers of systemic inflammation 39 weeks 
after treatment withdrawal. [40]

Several studies indicate that calcitriol regulates beta-cell function by 
regulating intracellular calcium levels. This is thought to influence 
insulin secretion, increase beta-cell resistance to apoptosis and 
increase beta-cell replication. Calcitriol is thought to bind to nuclear 
VDRs in the beta-cell to increase preproinsulin mRNA level. Research 
to support this hypothesis is limited, due to being conducted in rats. 
[39,43-45]

Obesity and hyperlipidaemia
Studies have shown that high body mass index (BMI) is associated with 
low serum vitamin D levels. [46] Vitamin D is fat soluble and readily 
stored in adipose tissue. [1,47] Sequestration of cholecalciferol in 
adipose tissue reduces bioavailability in obese individuals. [1,48,49] 
The distribution of fat may be associated with vitamin D status, but 
this relationship may be dependent on metabolic factors. [49]

Vigorous physical activity is a strong and modifiable contributor to 
vitamin D status. This may be due to sun exposure correlated with 
physical activity, however, a number of studies have shown the positive 
effect on vitamin D status may be independent of sun exposure. [50-
54] Further research is needed to clarify this. 

A large, prospective study of the modifiable predictors of vitamin D 

patients undergoing dialysis. [16] In patients using dialysis, the risk of 
death from CVD can be reduced with vitamin D replacement. [17,18]

As kidney function deteriorates, calcitriol levels decline. [19] 
Reduced calcitriol production can lead to hypocalcemia, and in turn, 
compensatory elevated PTH. Overstimulation of the parathyroid 
gland eventually leads to secondary hyperparathyroidism (SHPT). 
[20] Patients with ESRD are thought to suffer from reduced cardiac 
inotropy, increased heart weight, increased myocardial collagen 
content, and increased vascular smooth muscle cell proliferation as a 
result of the vitamin D depletion. PTH excess may impair intracellular 
calcium metabolism of the cardiomyocyte and promotes chronic 
atherosclerosis. Elevated PTH may increase cardiac contractility, insulin 
resistance, calcium and phosphate deposition in vessel walls, chronic 
myocardial calcification, and chronic heart valve calcification. [14,15] 
In patients with SHPT, treatment advice usually consists of correction 
of calcitriol deficiency using calcitriol or vitamin D analogues. [6]

Mechanisms for cardiovascular risk reduction with vitamin D 
supplementation include the inhibition of smooth muscle proliferation, 
the suppression of vascular calcification, the down-regulation of 
inflammatory cytokines, the up-regulation of anti-inflammatory 
cytokines, and the negative regulation of the renin-angiotensin-
aldosterone system (RAAS). [21-26] Inappropriate stimulation of the 
RAAS is associated with hypertension, myocardial infarction and stroke. 
[14] Calcitriol treatment has been shown to reduce blood pressure, 
renin activity and angiotensin II levels. [27] The effects of vitamin D 
deficiency on the cardiovascular system are outlined in Figure 2.

A systematic review and meta-analysis looked at the relationship 
between the naturally occurring level of vitamin D and cardiometabolic 
disorders including CVD, diabetes and metabolic syndrome. [28] 
Twenty-eight studies were selected, including nineteen cross-
sectional studies, three case-control studies and six cohort studies, 
analysing 99,745 patients. [28] High vitamin D levels were associated 
with a 43% reduction in cardiometabolic disorders. [28] There was a 
significant association between high levels of vitamin D and risk of 
having cardiovascular disease (33% reduction), type two diabetes (55% 
reduction) and metabolic syndrome (51% reduction). [28] Vitamin D 
supplementation has been shown to have a protective effect in limited 
studies of CVD, but further research is needed. [29]

Diabetes
The research surrounding the interaction between vitamin D 
supplementation and type two diabetes mellitus is controversial. To 

Figure 1. The biological function of vitamin D. Extra-renal sites of 
1α-hydroxylation are not shown in this diagram.

Figure 2. The role of vitamin D deficiency in cardiovascular disease.
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are two cross-sectional studies that have been completed using the 
Third National Health and Nutrition Examination Survey data. One 
study demonstrated a significant difference in systolic blood pressure 
and pulse pressure between the highest and lowest quintile groups 
divided by vitamin D level. [10,63] Participants with hypertension 
were excluded from analysis. [63] Another study revealed increased 
systolic blood pressure with reducing levels of vitamin D, and a twenty 
percent reduction in systolic blood pressure in those with vitamin D 
levels greater than 80 nmol/L compared with those with less than 50 
nmol/L. [64] Both of these studies had a good sample size, but were 
limited by the methods of the study. [10] A cross-sectional study 
using a different data set with low prevalence of vitamin D deficiency 
showed no association between systolic blood pressure and vitamin D 
level. [10,65] A different study did not show any significant relationship 
between vitamin D levels and blood pressure after adjusting for 
confounding variables, however, this may have been due to low 
estimated vitamin D intake. [10,68]

Conclusion
Vitamin D is an important molecule to consider in the pathogenesis 
of cardiovascular disease. Current research shows that vitamin D 
deficiency contributes to cardiovascular morbidity and mortality. The 
mechanisms proposed for this include direct actions on the heart and 
vasculature, as well as by increasing the risk of cardiovascular risk 
factors such as diabetes, obesity, hyperlipidaemia and hypertension. 
Further research is needed to clarify the influence of vitamin D on 
cardiovascular disease and its risk factors, and whether vitamin D is an 
efficient, cost-effective and safe intervention to prevent cardiovascular 
morbidity and mortality.
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status was conducted using 2,621 healthy individuals aged 55-74 
in the USA. [46] Predictors of low vitamin D status were found to be 
low dietary vitamin D intake, BMI > 30kg/m2, physical inactivity and 
low milk and calcium supplement intake. [46] There is an inverse 
relationship between apolipoprotein A-I and high density lipoprotein 
cholesterol with vitamin D levels in a survey of 358 Belgian people. [55] 
This relationship was not shown to be causal, but further research is 
warranted to see if vitamin D provides this cardioprotective link.

Vitamin D deficiency may increase insulin resistance and thereby 
increase circulating lipids, but supplementation has not been shown 
to improve circulating lipid levels. [56,57] Statin therapy increases 
the circulating levels of 7-dehydrocholesterol, leading to an increase 
in conversion to vitamin D (in the presence of UVB radiation), and 
therefore vitamin D levels. [58-61]

Hypertension 
To date, there are few good quality randomised controlled trials looking 
at the relationship between vitamin D levels and blood pressure. There 
is weak evidence to suggest that there may be a relationship between 
the two, however, further research is needed to draw any conclusions 
that may change the management of blood pressure.

Vitamin D may regulate blood pressure via an interaction with the 
RAAS, which is often activated in hypertension. Calcitriol is a known 
negative regulator of the RAAS. [11,21] The effects of vitamin D on 
the suppression of renin activity may be due to increased intracellular 
calcium levels. [62] It is hypothesised that vitamin D regulation of 
renin is independent of calcium metabolism, by regulating renin mRNA 
production with VDRs. [11] This study was completed using a line of 
cells derived from transgenic mice kidney tumours. [11]

There are some studies which show an inverse correlation between 
vitamin D levels and blood pressure. [63-66] A meta-analysis 
which included eleven randomised controlled trials (small, variable 
methodological quality) found weak evidence to support a small effect 
of vitamin D on blood pressure in studies of hypertensive patients. [67] 
There was a small statistically significant reduction in diastolic blood 
pressure, and no significant reduction in systolic blood pressure in 
hypertensive subjects supplemented with vitamin D or UV radiation. 
[67]

Several studies have shown differing results when trying to establish 
a relationship between vitamin D intake and hypertension. [10] There 

chronic renal failure. Kidney Int. 1999;56:383-92.
[16] Foley RN, Parfrey PS, Sarnaak MJ. Clinical epidemiology of cardiovascular disease in 
chronic renal disease. Am J Kidney Dis. 1998;32(5):S112-9.
[17] Shoji T, Shinohara K, Kimoto E, Emoto M, Tahara H, Koyama H, et al. Lower risk for 
cardiovascular mortality in oral 1alpha-hydroxyvitamin D3 users in a haemodialysis 
population. Nephrol Dial Transpl. 2004;19(1):179-84.
[18] Teng M, Wolf M, Ofsthun N, Lazarus JM, Hernan MA, Camaergo CA, et al. Activated 
injectable vitamin D and haemodialysis survival: a historical cohort study. J Am Soc Nephrol. 
2005;16(4):1115-25.
[19] Levin A, Bakris GL, Molitch M, Smulders M, Tian J, Williams LA, et al. Prevalence of 
abnormal serum vitamin D, PTH, calcium, and phosphorus in patients with chronic kidney 
disease: results of the study to evaluate early kidney disease. Kidney Int. 2007;71(1):31-8.
[20] Verhave G, Siegert CEH. Role of vitamin D in cardiovascular disease. Neth J Med. 
2010;68(3):113-8.
[21] Li YC, Kong J, Wei M, Chen ZF, Liu SQ, Cao LP. 1,25-Dihydroxyvitamin D3 is a negative 
endocrine regulator of the renin-angiotensin system. J Clin Invest. 2002;110(2):229-38.
[22] Davies MR, Hruska KA. Pathophysiological mechanisms of vascular calcification in end 
stage renal disease. Kidney Int. 2001;60:472-9.
[23] Schurgers LJ, Dissel PEP, Spronk HMH, Soute BAM, Dhore CR, Cleutjens JPM, et al. 
Role of vitamin K and vitamin K-dependent proteins in vascular calcification. Z Kardiol. 
2001;90(15):III57-III63.
[24] Fraser JD, Otowara Y, Price P. 1,25-Dihydroxyvitamin D3 stimulates the synthesis of 
matrix γ-carboxyglutamic acid protein by osteosarcoma cells. J Biol Chem. 1988;263(2):911-
6.
[25] Canning MO, Grotenhuis F, deWit H, Ruwhof C, Drexhage HA. 1-α,25-Dihydroxyvitamin 
D3 (1,25(OH)2D3) hampers the maturation of fully active immature dendritic cells from 
monocytes. Eur J Endocrinol. 2001;145:351-7.
[26] Mallat Z, Besnard S, Duriez M, Deleuze V, Emmanuel F, Bureau MF, et al. Protective role 
of interleukin-10 in atheroschlerosis. Circ Res. 1999;85:e17-e24.
[27] Kimura Y, Kawamura M, Owada M, Oshima T, Murooka M, Fujiwara T, et al. 
Effectiveness of 1,25-dihydroxyvitamin D supplementation on blood pressure reduction in 

[1] Makin HLJ, Jones G, Kaufmann M, Calverley MJ. Analysis of Vitamin D, their metabolites 
and analogues. In: Makin H, Gower D, editors. Steroid analysis: Springer Science + Business 
Media B.V.; 2010. p. 967-1091.
[2] Hollis BW. Assessment of vitamin D status in the 21st century. In: Trump D, Johnson C, 
editors. Vitamin D and Cancer; 2011. p. 327-38.
[3] Zerwekh JE. Vitamin D metabolism and stones. In: Rao P, Preminger G, Kavanagh J, 
editors. Urinary tract stone disease. London: Springer-Verlag London Limited; 2011. p. 169-
79.
[4] Lips P. Worldwide status of vitamin D nutrition. J Steroid Biochem. 2010;121(1-2):297-
300.
[5] Holick MF. Vitamin D deficiency. New Engl J Med. 2007;357(3):266-91.
[6] Rang HP, Dale MM, Ritter JM, Flower RJ. Pharmacology. Dimock K, editor.: Elsevier 
Limited; 2007.
[7] Portale AA, Miller WL. Human 25-hydroxyvitamin D-1α-hydroxylase: cloning, mutations, 
and gene expression. Pediatr Nephrol. 2000;14:620-5.
[8] Zehnder D, Bland R, Williams MC, McNinch RW, Howie AJ, Stewart PM. Extrarenal 
expression of 25-hydroxyvitamin D3-1α-Hydroxylase. J Clin Endocr Metab. 2001;86(2):888-
94.
[9] Christakos S, Ajibade WV, Dhawan P, Fechner AJ, Mady LJ. Vitamin D: metabolism. 
Endocrin Metab Clin. 2010;39:243-53.
[10] Barnard K, Colón-Emeric C. Extraskeletal effects of vitamin D in older adults: 
cardiovascular disease, mortality, mood, cognition. Am J Geriatr Pharmac. 2010;8(1):4-33.
[11] Li YC. Vitamin D regulation of the renin-angiotensin system. J Cell Biochem. 
2003;88:327-31.
[12] Chiu KC, Chu A, Go VLW, Saad MF. Hypovitaminosis D is associated with insulin 
resistance and β cell dysfunction. Am J Clin Nutr. 2004;79:820-5.
[13] Zittermann A. Vitamin D and disease prevention with special reference to cardiovascular 
disease. Prog Biophys Mol Bio. 2006;92(1):39-48.
[14] Zittermann A, Schleithoff SS, Koerfer R. Putting cardiovascular disease and vitamin D 
insufficiency into perspective. Brit J Nutr. 2005;94:483-92.
[15] Rostand SG, Dreuke TB. Parathyroid hormone, vitamin D, and cardiovascular disease in 

References



A M
S J

Australian Medical Student Journal34

a pseudohypoparathyroidism patient with high renin activity. Internal Med. 1999;38:31-5.
[28] Parker J, Hashmi O, Dutton D, Mavrodaris A, Stranges S, Kandala NB, et al. Level of 
vitamin D and cardiometabolic disorders: Systematic review and meta-analysis. Maturitas. 
2010;65:225-36.
[29] Scragg R, Shaw KT, Murphy S. Effect of winter oral vitamin D3 supplementation on 
cardiovascular risk factors in elderly adults. Eur J Clin Nutr. 1995;49:640-6.
[30] Lind L, Pollare T, Hvarfner A, Lithell H, Sorensen OH, Ljunghall S. Long-term treatment 
with active vitamin D (alphacalcidol)  in  middle-aged  men  with  impaired  glucose 
tolerance. Effects  on  insulin  secretion  and  sensitivity, glucose tolerance  and blood 
pressure. Diabetes Res. 1989;11:141-7.
[31] Gedik O, Akalin S. Effects of vitamin D deficiency and repletion on insulin and glucagon 
secretion in man. Diabetologia. 1986;29:142-5.
[32] Kocian J. Diabetic  osteopathy.  Favourable  effect  of treatment of  osteomalacia 
with vitamin D and calcium on high blood  glucose  levels  (In  Czech). Vnitrni Lekarstvi. 
1992;38:353-6.
[33] Mak RHK. Amelioration of hypertension and insulin resistance by 
1,25-hihydrocholecalciferol in haemodialysis patients. Pediatr Nephrol. 1992;6:345-48.
[34] Beaulieu C, Kestekian R, Havrankova J, Gascon-Barre M. Calcium is essential in 
normalizing intolerance to glucose that accompanies vitamin depletion in vivo. Diabetes. 
1993;42:85-7.
[35] Kumar S, Davies M, Zakaria Y, Mawer EB, Gordon C, Olukoga AO, et al. Improvement 
in glucose tolerance and beta-cell function in a patient with vitamin D deficiency during 
treatment with vitamin D. Postgraduate M J. 1994;70:440-3.
[36] Orwoll RE, Riddle M, Prince M. Effects of vitamin D on insulin and glucagon secretion in 
non-insulin-dependent diabetes mellitus. Am J Clin Nutr. 1994;59:1083-7.
[37] McKenna M. Differences in vitamin D status between countries in young adults and 
elderly. Am J Med. 1992;93:69-77.
[38] Harris MI, Flegal KM, Cowie DCC, Eberhardt MS, Goldstein DE, Little RR, et al. Prevalence 
of diabetes, impaired fasting glucose, and impaired glucose tolerance in US adults. The 
Third National Health and Nutrition Survey, 1988-1994. Diabetes Care. 1998;21:518-24.
[39] Takiishi T, Gysemans C, Bouillon R, Mathieu C. Vitamin D and diabetes. Endocrin Metab 
Clin. 2010;39:419-46.
[40] Larsen CM, Faulenbach M, Vaag A, Ehses JA, Donath MY, Mandrup-Poulsen T. Sustained 
effects of interleukin-1 receptor antagonist treatment in type 2 diabetes. Diabetes Care. 
2009;32(9):1663-8.
[41] Lee S, Clark SA, Gill RK, Christakos S. 1,25-dihydroxyvitamin D3 and pancreatic -cell 
function: vitamin D receptors, gene expression and insulin secretion. Endocrinology. 
1994;134:1602-10.
[42] Huotari MA, Palji J, Otonkoski T. Growth factor-mediated proliferation and 
differentiation of insulin-producing INS-1 and RINm5F cells: identification of betacellulin as 
a novel beta-cell mitogen. Endocrinology. 1998;139(4):1494-9.
[43] Norman AW, Frankel BJ, Heldt AM, Grodsky GM. Vitamin D deficiency inhibits 
pancreatic secretion of insulin. Science. 1980;209(4458):823-5.
[44] Cade C, Norman AW. Vitamin D3 improves impaired glucose tolerance and insulin 
secretion in the vitamin D-deficient rat in vivo. Endocrinology. 1986;119(1):84-90.
[45] Ozono K, Seino Y, Yano H, Yamaoka K, Seino Y. 1,25-Dihydroxyvitamin D3 enhances the 
effect of refeeding on steady state preproinsulin messenger ribonucleic acid levels in rats. 
Endocrinology. 1990;126(4):2041-45.
[46] Brock K, Huang WY, Fraser DR, Ke L, Tseng M, Stolzenberg-Solomon R, et al. Low vitamin 
D status is associated with physical inactivity, obesity and low vitamin D intake in a large 
US sample of healthy middle-aged men and women. J Steroid Biochem. 2010;12(1):462-6.
[47] Liel Y, Ulmer E, Shary J, Hollis BW, Bell NH, Shaw S. Low circulating vitamin D in obesity. 
Calcified Tissue Int. 1988;43:199-201.
[48] Wortsman J, Matsuoka L, Chen TC, Lu Z, Holick MF. Decreased bioavailability of vitamin 
D in obesity. Am J Clin Nutr. 2000;72(2):690-3.
[49] Lenders CM, Feldman HA, Von Scheven E, Merewood A, Sweeney C, Wilson DM, et al. 

Relation of body fat indexes to vitamin D status and deficiency among obese adolescents. 
Am J Clin Nutr. 2009;90(3):459-67.
[50] Scragg R, Camargo CA. Frequency of Leisure-Time Physical Activity and Serum 
25-Hydroxyvitamin D Levels in the US population: Results from the Third National Health 
and Nutrition Examination Survey. Am J Epidemiol. 2008;168(6):577-86.
[51] Brock K, Cant R, Clemson L, Mason RS, Fraser DR. Effects of diet and exercise on plasma 
vitamin D (25(OH)D) levels in Vietnamese immigrant elderly in Sydney, Australia. J Steroid 
Biochem. 2007;103(3):786-92.
[52] Brock KE, Graubard BI, Fraser DR, Weinstein SJ, Stolzenberg-Solomon RZ, Lim U, et al. 
Predictors of vitamin D biochemical status in a large sample of middle-aged male smokers 
in Finland. Eur J Clin Nutr. 2010;64(3):280-8.
[53] Foo L, Zhang Q, Zhu K, Ma G, Trube A, Greenfield H, et al. Relationship between vitamin 
D status, body composition and physical exercise of adolescent girls in Beijing. Osteoporosis 
Int. 2009;20(3):417-25.
[54] Scragg R, Holdaway I, Jackson R, Lim T. Plasma 25-hydroxyvitamin D3 and its relation 
to physical activity and other heart disease risk factors in the general population. Ann 
Epidemiol. 1992;2(5):697-703.
[55] Auwerx J, Bouillon R, Kesteloot H. Relation between 25-hydroxyvitamin D3, 
apolipoprotein A-I, and high density lipoprotein cholesterol. Arterioscl Throm Vas. 
1992;12:671-4.
[56] Heikkinen AM, Tuppurainen MT, Niskanen L, Komulainen M, Penttila I, Saarikoski S. 
Long-term vitamin D3 supplementation may have adverse effects on serum lipids during 
postmenopausal hormone replacement therapy. Eur J Endocrinol. 1997;137(5):495-502.
[57] Vanga SR, Good M, Howard P, Vacek JL. Review: Vitamin D in cardiovascular health. Am 
J Cardiol. 2010;106(6):798-805.
[58] Pérez-Castrillón JL, Vega G, Abad L, Sanz A, Chaves J, Hernandez G, et al. Effects of 
atorvastatin on vitamin D levels in patients with acute ischemic heart disease. Am J Cardiol. 
2007;99(7):903-5.
[59] Yavuz B, Ertugrul DT, Cil H, Ata N, Akin KO, Yalcin AA, et al. Increased levels of 25 
hydroxyvitamin D and 1,25-dihydroxyvitamin D after rosuvastatin treatment: a novel 
pleiotropic effect of statins? Cardiovasc Drug Ther. 2009;23(4):295-9.
[60] Guryev O, Carvalho RA, Usanov S, Gilep A, Estabrook RW. A pathway for the metabolism 
of vitamin D3: Unique hydroxylated metabolites formed during catalysis with cytochrome 
P450scc (CYP11A1). P Natl Acad Sci USA. 2003;100(25):14754-9.
[61] Montagnani M, Loré F, Di Cairano G, Gonnelli S, Ciuoli C, Montagnani A, et al. Effects of 
pravastatin treatment on vitamin D metabolites. Clin Ther. 1994;16(5):824-9.
[62] Burgess ED, Hawkins RG, Watanabe M. Interaction of 1,25-dihydroxyvitamin D and 
plasma renin activity in high renin essential hypertension. Am J Hypertens. 1990;3(12 Pt 
1):903-5.
[63] 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(7):713-9.
[64] Judd SE, Nanes MS, Ziegler TR, Wilson PWF, Tangpricha V. Optimal vitamin D status 
attenuates the age-associated increase in systolic blood pressure in white Americans: 
results from the third National Health and Nutrition Examination Survey. Am J Clin Nutr. 
2008;87(1):136-41.
[65] Snijder MB, Lips P, Seidell JC, Visser M, Deeg DJH, Dekker JM, et al. Vitamin D status and 
parathyroid hormone levels in relation to blood pressure: a population-based study in older 
men and women. J Clin Endocr Metab. 2006;261(6):2980-5.
[66] Sowers MR, Wallace RB, Lemke JH. The association of intakes of vitamin D and calcium 
with blood pressure among women. Am J Clin Nutr. 1985;42(1):135-42.
[67] Witham MD, Nadir MA, Struthers AD. Effect of vitamin D on blood pressure: a 
systematic review and meta-analysis. J Hypertens. 2009;27(10):1948-54.
[68] Jorde R, Bønaa KH. Calcium from dairy products, vitamin D intake, and blood pressure: 
the Tromsø study. Am J Clin Nutr. 2000;71(6):1530-5.


