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Non-Skeletal Manifestations of Vitamin D Deficiency- A Review
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Abstract:
Objective: There are lots of important non-skeletal systemic consequence of vitamin D deficiency
which was often was underestimated. The purpose of this review is to discus the non-skeletal systemic
manifestations of vitamin D deficiency.
Data Sources: We searched Medline, Pub med, Google Scholar & individual searches.
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steroid hormone it acts by binding to a high affinity receptor.
Vitamin D receptors are found in significant concentration in
the ‘T’ lymphocytes and macrophages in the brain, heart,
skin, gonads, breast, prostate etc. Vitamin D also acts as a
natural inhibitor of signal transduction by hedgehog(Hh).
Hedgehog signaling pathway is involved in the
morphogenesis 3 , biology of cancer stem cells (CSC) and in
the acquisition of epithelial cells to mesenchymal transition
(EMT). Liao X et al in his study investigated 80 cases of
primary epithelial ovarian tumour and found significantly
elevated expression of Sonic hedgehog messenger RNA in
ovarian cancers compared with normal tissues and benign
ovarian tumors and such differential expression was specific
to histological types (P < 0.05).4 Hh signaling pathway is
involved in a variety of human cancers including skin, brain,
gastrointestinal, lung, breast, prostate cancers, etc.5-8
Isohata N et al in his study of hedgehog and EMT signaling
pathway in normal and malignant cells on 42 esophageal
squamous cell carcinoma (ESCC) tissues and their matched
noncancerous tissues provided by the Central Hospital at
the National Cancer Center compared the expression profiles
of Hh and EMT signaling molecules of these cells with those
of cancers.7 They found activated Hh signal in most primary
ESCCs and Hh signal inhibition effectively suppressed cell
invasion and growth of Hh signal-activated ESCC cell lines
in their study.

Introduction:
It was presumed that the risk of hypovitaminosis D is low in
the tropical region like Bangladesh because of adequate
sunlight, but later different studies found poor vitamin D
status especially in Bangladeshi women regardless of their
age, lifestyle and clothing 1. It could be due to other causes
of vitamin D deficiency apart from inadequate sun exposure
like dietary deficiency, malabsorption, accelerated loss, liver
disease, renal failure etc. Over the past few years there has
been a renascent of interest in vitamin D outside of it’s well
known role in bone diseases. Vitamin D deficiency is now
considered to be an important factor for the maintenance of
not only bone health but also other conditions. Vitamin D
plays an important role in the immune system in particular
on the T-cell mediated immunity. A little ignorance about
one’s vitamin D status can put a person to the risk of
cardiovascular diseases, autoimmune diseases, different
types of cancers, neurological and psychiatric problems and
many more. So in this review we wanted to highlight the
non-skeletal manifestations of vitamin D deficiency.
Functions of vitamin D:
Vitamin D is a group of sterols produced by the action of
ultraviolet light on certain provitamins in the skin. Although
the best known function of vitamin D is to regulate calcium
homeostasis, it also has important effects on the
differentiation of immune cells and modulation of immune
response, cell proliferation, apoptosis, regulation of blood
pressure, development of brain and it’s function, regulation
of insulin secretion 2 etc.

Systemic manifestations of vitamin D deficiency:
Immune system:
Vitamin D plays a significant role as selective
immunosuppressant which can be proved by their ability to
either prevent or markedly suppress animal models of the
autoimmune diseases 9 . There are many studies where
1,25(OH)2D3 was found to be associated with autoimmune

Mechanism of action of vitamin D :
Vitamin D3(1,25(OH)2D3) , the biologically active form of
vitamin D is best regarded as a steroid hormone. Like other
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encephalomyelitis, rheumatoid arthritis(RA), Systemic Lupus
Erythematosuss(SLE), type-1 & type-2 DM,Inflammatory
bowel disease(IBD), multiple sclerosis etc.9-11,13-15. A study
in 143 apparently healthy Bangladeshi adults demonstrated
the association between VDR gene polymorphism, type-1
diabetes, insulin secretion and the insulin resistant syndrome
11. It was also seen in a study where dietary vitamin D
supplementation was associated with reduced risk of type-1
DM 12. In a study of vitamin D3 metabolism in rheumatic
diseases researchers found it of interest to study the serum
levels of the major metabolites of vitamin D3 in patients with
SLE (n = 21), rheumatoid arthritis (RA) (n = 29) and
osteoarthritis (n = 12).13 In patients with SLE the levels of
25-OH D3 were below those of the controls (p = 0.0008) and
OA (p = 0.0168). Research is continuing to detect role,
prevalence and clinical consequences of vitamin D
deficiency in other autoimmune conditions like SLE 13-15.
Vitamin D may also have a protective role against multiple
sclerosis (MS), it has been seen that higher maternal milk
and vitamin D intake during pregnancy may associated with
a lower risk of developing MS in off springs16. Studies have
indicated that the dysregulation of VDR may lead to
exaggerated inflammatory responses, raising the possibility
that defects in vitamin D and VDR signaling transduction
may linked to bacterial infection and chronic inflammation
17. Numerous studies link vitamin D and influenza 18. It was
observed in study that sub clinical vitamin D deficiency is
associated with acute lower respiratory infection in children
less than 5 years of age19. Vitamin D metabolites leads to
activation of macrophages and restrict the intracellular
growth of Mycobacterium tuberculosis thus decreases the
risk of tuberculosis infection20. In a retrospective audit of
375 African immigrants moderate to severe 25(OH)D
deficiency was reported in 31 (78%) of 40 patients with TB/
past TB, 27 (33%) of 81 with LTBI, and 2 (6%) of 34 with no
MTB infection. Thus the study showed that vitamin D
deficiency is associated with tuberculosis and latent TB
infection 21.A case control study by Ehlayel MS et al in
Qatar showed a significant difference between asthmatic
subjects and controls with respect to serum level of vitamin
D (p < 0.001). 22 Large number of vitamin D deficiency was
found among children with asthma, allergic rhinitis, atopic
dermatitis, acute urticaria and food allergy. In addition,
vitamin D deficiency was associated with IgE atopy markers
in asthmatic children more than controls in the study22.
Cardiovascular system:
Vitamin D is related to cardiovascular events as vascular
smooth muscle, endothelium and cardiomyocytes contain
vitamin D receptors. A study on 1739 Framingham offspring
showed a graded increase in cardiovascular risk across
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categories of 25-OH D, with multivariable-adjusted hazard
ratios of 1.53 (95% CI 1.00 to 2.36) for levels 10 to <15 ng/mL
and 1.80 (95% confidence interval 1.05 to 3.08) for levels
<10ng/mL (P for linear trend=0.01).23 There is another study
showed that vitamin D insufficiency is associated with
increased arterial stiffness and endothelial dysfunction in
the conductance and resistance blood vessels in human
which also explain higher risk of cardiovascular disease in
vitamin D depleted individual.24 In a study myocardial
Infarction was found to be associated with vitamin D
deficiency25. There is another study where sub- optimal level
of vitamin D was found to activate Renin-AngiotensinAldosterone system and increase parathyroid hormone level.
Activated Renin-Angiotensin-Aldosterone can predispose
to hypertension and left ventricular hypertrophy and
parathyroid hormone excess is associated with heart
failure.25,26 As it also alters mineral metabolism in congestive
cardiac failure vitamin D is thought to be a contributing
factor in the pathogenesis of congestive heart failure 27.
Recently in a study researchers found that 70.3% of study
populations who are at significantly higher risk for a variety
of cardiovascular disease are deficient in vitamin D 28.
Considering all these things vitamin D deficiency can be
regarded as a risk factor for cardiovascular disease.
Malignancy :
“This is like the Holy Grail of cancer medicine; vitamin D
produced a drop in cancer rates greater than that for quitting
smoking or indeed any other counter measure in existence”
-Dennis Mangan, clinical laboratory scientist
The quote signifies the importance of the vitamin D
deficiency in the development of cancer. Those who have
vitamin D deficiency are believed to have risk of developing
some types of cancers like breast, colon, prostate, and ovarian
cancers. Many studies are there to propose vitamin D is a
protective factor against colon cancer29-31. Vitamin D
metabolites induce differentiation with or without inhibition
of proliferation of a number of malignant and non-malignant
cell types including prostate cancer cells 32-33. It inhibits
prostate cancer cell growth also by inducing apoptosis and
cell cycle arrest 34. In a randomized controlled trial conducted
on 250 bladder cancer cases matched with 1:1 controls
researchers found that lower 25(OH)D was associated with
a statistically significantly increased risk of bladder cancer
(versus e”50 nmol/L; <25 nmol/L: OR, 1.73; 95% CI, 1.032.91; 25 to <37.5 nmol/L: OR, 1.81; 95% CI, 1.05-3.14; 37.5 to
<50 nmol/L: OR, 1.76; 95% CI, 1.02-3.02; P trend=0.04) 35 .
Decreased serum concentration of 1,25(OH) 2 D 3 is
associated with increased risk of bladder cancer compared
to a man with higher concentrations .It might be due to
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exposure of bladder mucosa to vitamin D metabolites. These
metabolites could promote transitional cell differentiation
and apoptosis and thus reduces epithelial proliferation and
neoplasm.
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Nervous system:
Vitamin D deficiency by increasing the risk of hypertension
and arterial stiffness increases the risk of stroke. It was also
proved in a study involving analysis of health records for
nearly 8,000 blacks and whites and covered a period of 14
years 37. It was observed in the study that deficient levels of
vitamin D are associated with increased risk of fatal stroke in
whites 37. However it was not found in women 38. Vitamin D
deficiency has also been associated with cognitive
impairments in older adults and there is increased risk of
Alzheimer’s disease 39 also. Epidemiological evidence shows
an association between reduced sun exposure and
depression 40. Studies indicate vitamin D improves mental
illness.
Conclusion:
This is true that many systemic diseases have been
recognized which are associated with or caused by vitamin
D deficiency, but further studies should be continued to
detect other diseases which are still unknown to be caused
by vitamin D deficiency.
Conflict of Interest: None
References:
1.

2.

Islam MZ, Akhtaruzzaman M, Lamberg-Allardt C.
Hypovitaminosis D is common in both veiled and nonveiled
Bangladeshi women. Asia Pac J Clin Nutr. 2006;15(1):81-7.
Norman AW. From vitamin D to hormone D: fundamentals
of the vitamin D endocrine system essential for good health.
Am J Clin Nutr. 2008;88(2):491S-499S.

67

Non-Skeletal Manifestations of Vitamin D Deficiency- A Review

17.

Sun J. Vitamin D and mucosal immune function. Curr Opin
Gastroenterol. 2010;26(6):591-5.

18.

Cannell JJ, Vieth R, Umhau JC, Holick MF, Grant WB,
Madronich S,et al. Epidemic influenza and vitamin D.
Epidemiol Infect. 2006;134(6):1129-40.

19.

20.

21.

Wayse V, Yousafzai A, Mogale K, Filteau S, Association of
subclinical vitamin D deficiency with severe acute lower
respiratory infection in Indian children under 5 y. Eur J Clin
Nutr 2004; 58, 563–567.
Rockett KA, Brookes R, Udalova I, Vidal V, Hill AV,
Kwiatkowski D. 1,25-Dihydroxyvitamin D3 induces nitric
oxide synthase and suppresses growth of Mycobacterium
tuberculosis in a human macrophage-like cell line. Infect
Immun. 1998;66(11):5314-21.
Gibney K, MacGregor L, Leder K, Torresi J, Marshall C,
Ebeling PR,et al. Vitamin D Deficiency Is Associated with
Tuberculosis and Latent Tuberculosis Infection in
Immigrants from Sub-Saharan Africa. Clin Infect Dis. 2008
;46 (3): 443-446.

22.

Ehlayel MS, Bener A, Sabbah A. Is high prevalence of vitamin
D deficiency evidence for asthma and allergy risks? Eur Ann
Allergy Clin Immunol. 2011;43(3):81-8.

23.

Wang TJ, Pencina MJ, Booth SL,Jacqes PF, Ingelsson
E,Lanier K,et al. Vitamin D Deficiency and Risk of
Cardiovascular Disease. Circulation 2008;117;503-511.

24.

25.

26.

27.

68

Al Mheid I, Patel R, Murraow J, Morris A, Rahman A, Fike
L, et al. Vitamin D Status Is Associated With Arterial Stiffness
and Vascular Dysfunction in Healthy Humans . J Am Coll
Cardiol, 2011; 58:186-192.

JM Vol. 13, No. 1

28.

Vacek JL, Vanga SR, Good M, Lai SM, Lakkireddy D,
Howard PA. Vitamin D Deficiency and Supplementation
and Relation to Cardiovascular Health. Am J Cardiol. 2011.
[Epub ahead of print] PMID:22071212

29.

Garland CF, Garland FC. Do sunlight and vitamin D reduce
the likelihood of colon cancer? Int J Epidemiol.
1980;9(3):227-31.

30.

Belleli A, Shany S, Levy J, Guberman R, Lamprecht SA. A
protective role of 1,25-dihydroxyvitamin D3 in chemically
induced rat colon carcinogenesis. Carcinogenesis.
1992;13(12):2293-8.

31.

Spina C, Tangpricha V, Yao M, Zhou W, Wolfe MM, Maehr
H, et al. Colon cancer and solar ultraviolet B radiation and
prevention and treatment of colon cancer in mice with vitamin
D and its Gemini analogs. J Steroid Biochem Mol Biol.
2005;97(1-2):111-20.

32.

Krishnan AV, Peehl DM, Feldman D. Inhibition of prostate
cancer growth by vitamin D: Regulation of target gene
expression. Journal of Cellular Biochemistry 2003;88(2):
363–371.

33.

Feldman D, Skowronski RJ, Peehl DM. Vitamin D and
prostate cancer. Adv Exp Med Biol. 1995;375:53-63.

34.

Mondul AM, Weinstein SJ, Männistö S, Snyder K, Horst
RL, Virtamo J, et al. Serum Vitamin D and Risk of Bladder
Cancer.Cancer Res 2010; 70(22): 9218-23.

35.

Bikle DD. The vitamin D receptor: a tumor suppressor in
skin. Discov Med. 2011; 11(56): 7-17.

Lavie C, Lee J, Milani R. Vitamin D and Cardiovascular
Disease Will It Live Up to its Hype? J Am Coll Cardiol,
2011; 58:1547-1556.

36.

Fauber J. Vitamin D and Stroke Risk.JSOnline 2010 Nov
14.

37.

Kestenbaum B, Katz R, Boer I, Hoofnagle A, Sarnak MJ,
Shlipak MG, et al. Vitamin D, Parathyroid Hormone, and
Cardiovascular Events Among Older Adults. J Am Coll
Cardiol, 2011; 58:1433-1441.

Sun Q, Shi L, Rimm EB, Giovannucci EL, Hu FB,Manson
JE, et al. Vitamin D intake and risk of cardiovascular disease
in US men and women.Am J Clin Nutr 2011; 94(2): 534542.

38.

Pogge E. Vitamin D and Alzheimer’s disease: is there a link?
Consult Pharm. 2010;25(7):440-50.

39.

Berk M, Sanders KM, Pasco JA, Jacka FN, Williams LJ,
Hyles AL, et al. Vitamin D deficiency may play a role in
depression.medical hypothesis 2007; 69(6): 1316-1319.

Zittermann A, Schleithoff SS, Tendrich G, Berthold HK,
Körfer R, Stehle P. Low vitamin D status: a contributing
factor in the pathogenesis of congestive heart failure? J Am
Coll Cardiol, 2003; 41:105-112.

