Review Article

Indian J Med Res 127, March 2008, pp 229-238

Prevalence & potential significance of vitamin D deficiency in
Asian Indians

R. Goswami, S.K. Mishra & N. Kochupillai

Department of Endocrinology & Metabolism, All India Institute of Medical Sciences
New Delhi, India

Received October 5, 2007

Studies from our center and other parts of India have drawn attention towards wide prevalence of
vitamin D deficiency (VDD) in our country. VDD has been reported in all age groups including
toddlers, school children, pregnant women and their neonates and adult males and females residing
in rural and urban India. We reviewed implications of VDD in our population based on the
preliminary data available from Indian studies on skeletal health. Besides, a brief review is made
on the importance of VDD in various other disorders prevalent in equivalent proportions among
Indians such as type 2 diabetes mellitus (DM), cardiovascular diseases (CVD), immune competence
including relation to tuberculosis, malignancy and osteoarthritis. Data from the West have also
associated VDD with increased prevalence of type 2DM, CVD, autoimmune disorders, tuberculosis,
prostate, breast and colon malignancy and osteoarthritis. Such association has not been studied to
date in our country. Overall results of various studies conducted to date in urban and rural Indians
indicate that widely prevalent VDD is functionally relevant to skeletal health including osteomalacia
and rickets. However, there is a need to explore its association with osteoporosis related fractures
and various other non skeletal disorders linked with VDD.
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Overview D is critical for calcium homeostasis, current studies
o _ _ o _ also highlight role of vitamin D deficiency (VDD) in
Vitamin D is a secosteroid which is converted into gjseases other than the metabolic bone disorders.
its active form via lo-hydroxylase enzyme. Though studies from our center and other parts of India have
kidney is the classical site forkhydroxylase activity,  drawn attention towards wide prevalence of VDD in
it is also expressed in other tissues such as endotheligdsjan Indians when currently proposed cut-off are used
and vascular smooth muscle celBesides, vitamin D to define vitamin D sufficiency. Although, VDD in
receptor (VDR) is present in more than 30 different Asian Indians has several potential implications, there
tissues including pancreas, myocardium, lymphocytes,has been no systematic efforts to date directed towards
etc. The widespread distribution of VDR signifies finding the importance of widespread VDD in our
important role of vitamin D in humahdNhile vitamin country. In the present article we would focus on the
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implications of VDD in our population based on the prescribe calcium and vitamin D supplementation in
preliminary data available from Indian studies on all the patients put on steroid, anti-tuberculous or
skeletal health. Besides we would briefly review the anticonvulsant therapy, at least in double the
world literature related to VDD and several disorders recommended daily allowance.

which are prevalent in equivalent proportions among
Indians such as type 2 diabetes mellitus (DM),
cardiovascular diseases (CVD), immune competenc
including relation to tuberculosis, malignancy and
osteoarthritis.

Besides it is not unusual to find biochemical
osteomalacia in our apparently healthy population on
Soutine screening. Wide prevalence of clinically overt
osteomalacia/rickets and associated pseudofractures
could be due to VDD related low peak bone mass in
Prevalence of hypovitaminosis D in India Asian Indians. The beneficial effect of 25(OH) D
supplementation in improving skeletal health would

In_ th? é\{(;stgrn \r']'et\)’v’l.v?D wa:; conjlderedt tg_be start fromin utero and infancy and continue through
rare In indid. such beliet was based on SWMIeS oj4nq0d, adolescence and adulthtiod?

measuring serum calcium and alkaline phosphatase in o B
our populatiod However, till the year 2000, there was Newborns and vitamin D deficiency

no systematic study which directly assessed body  pregnant women in India have been shown to have

vitamin D status of Asian Indians residing in Ifdia ., 15 84 per cent prevalence of VDD which correlated

2000, we first measured serum 25(OH)D using Se”Siti‘(esignificantly with serum 25(OH) D status of their

and specific assay in apparently healthy subjects inhahors, Mothers with suboptimal vitamin D status
Delhi and showed that significant hypovitaminosis D paye offsprings with reduced intrauterine and postnatal
was present in up to 90 per cent of theBubsequently,  gyeletal developmetit“ Brookeet afs first reported
series of studies from different parts of our country have o4y ced incidence of low birth weight babies in vitamin
pointed towards widespread VDD in Asian Indians of p gypplemented Asian mothers. Vitamin D and calcium
all age groups including toddlers, school children, g,nhlementation of the pregnant mothers is associated
pregnant women and their neonates and adult malegyjih increased skeletal growth and bone mass in the
and females residing in rural or urban af8askin offspringg®. Maryaet al” from Rohtak, reported higher
complexion, poor sun exposure, vegetarian food habitsoody weight, crown heel length, head circumference
and lack of vitamin D food fortification programme in g31d mid arm circumference in mothers who received
the country explain the high prevalence of VDD in India v doses of 60,000 1U of vitamin D3 during third
despite its sunny climate trimester pregnancy compared to those who did not
Vitamin D deficiency and skeletal health in Indians ~ receive vitamin D3. Besides Apgar score at birth was
o - ) _ higher in newborns of mothers with adequate calcium
Vitamin D deficiency rickets and osteomalacia are gnq vitamin D intake than in newborns whose mothers
widely prevalent in our countty*2 On an average 25- g inadequate intake Mannionet al® have shown
30 cases of clinically overt patients with vitamin D that each additional microgram of vitamin D, was
deficiency related osteomalacia in adolescent and adullssociated with an 11 g increase in birth weight. Morley
age group are managed in our indoor endocrine servicegt qp° showedhat gestation length was 0.7 wk shorter
every year. Most of them have undetectable serumgng knee-heel length was 4.3 mm smaller in infants of
25(0H) D levels with serum parathyroid hormone mgthers with 25(OH) D <11.2 ng/ml at 28-32 wk when
(PTH) values more than four folds above upper limit compared to babies whose mothers had higher
of normal. In such a scenario, anticonvulsant andgoncentrations. Thus, VDD manifests with
antituberculous therapy, fluoride excess, prolongedcompromised length from birth itself without any
steroid therapy and bisphosphonates easily precipitat¢yotential for catch up growth in view of the fact that
clinically overt rickets and osteomalacia in our yvpp continues to afflict even toddlers and school

population. Almost one third of our patients with children in India. Finally, as discussed below it would
osteomalacia have history of anticonvulsant, anti- manifest in compromised adult height.

tuberculous therapy or steroid use in the immediate
preceding years. Such therapies precipitate
osteomalacia because of induction of vitamin D Marwahaet af showed lower forearm bone density

synthetic pathway towards inactive products. Becauseand mean serum 25(OH) D levels in school children
of these reasons it has been our standard practice tfrom low socio-economic region as compared to

School children and vitamin D deficiency
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children from high socio-economic region. Recently, In this context we studied genetic variation related to
Shatrugnaet aP* from National Institute of Nutrition, VDR polymorphism. Among the thre¢DR single
Hyderabad, studied the effect of micronutrient nucleotide polymorphisms studiedddl, Fokl and
supplementation in schoolchildren of 6 to 16 yr of age. Bsnl), subjects withTaql-TT genotype had a
After 14 months of supplementation, the increments insignificantly higher BMD at the forearm than did
height, weight, whole body bone mineral content, andsubjects with Tt and tt genotygésThe finding of
bone mineral density (BMD) at neck of the femur were correlation ofVDR gene polymorphism with forearm
significantly greater in the supplemented than in the BMD among Indians is interesting and indicates that
placebo group. The above studies confirm that theeven in a severely hypovitaminotic D population,
suboptimal calcium and vitamin D status are importantvariations in BMD at forearm could be explained by
contributory factors in determining height and bone genetic factors.

health in school children in India. Overall results of various studies conducted to date

Adults and vitamin D deficiency in urban and rural India indicate that widely prevalent
VDD in Asian Indians has been shown to be VPP is fgnctlonally relevant in view of associated
increase in serum PTH and low BMD. However, there

associated with higher serum PTH and lower serumh b i tic study which h d1h
calcium. Such effects would promote bone resorption as been no systematic study which nas assessed the
association between osteoporosis related non-trivial

and precipitate osteomalacia and osteoporosis in
predisposed individuals. While it is common to see racture rates and serum 25(0H) D status among
lower T and Z scores in BMD reports from our country, _Indlans. If such stL_de is belng pIa_nned |t_would also be
there is paucity of population based systematic datgmportant to take into consideration varlable_s such as
related to prevalence of osteoporosis in adult IndianPO0r musculoskeletal strength and propensity to fall.
population. Rarer are the adequately designed studie8oth these factors have also been reported to contribute
assessing association between serum 25(0H) D anéP fractures in hypovitaminosis D st&te.

BMD in Indian population. Shatrugret af* studied vitamin D deficiency and type 2 diabetes mellitus
prevalence of osteoporosis in 289 middle aged women o
from Hyderabad. The prevalence of osteoporosis at the ~ Currently the prevalence of type 2 DM is high in
femoral neck was around 29 per cent. The T scores irdrban as well as rural Ind#&® and by 2030, Asians
the BMD of Indian women studied at all the skeletal Indian would bear the maximum burden of the disease
sites were much lower than the values reported fromin the world*. Glycaemic control tends to worsen in
the developed countries. BMD showed a decline afterwinter months and is believed to be because of
the age of 35 yr at lumbar spine and femoral neck. Onconcomitant fall in 25(OH) D in this seaso#i. Pittas’
multiple regression analysis, calcium intake of women has systematically reviewed world literature related to
appeared as an important determinant of BMD. (i) association between VDD and prevalence/incidence
However, 25 (OH) D status was not assessed in thef type 2 DM in different population, andi)
study?. randomized trials assessing role of vitamin D

Several investigators from west have reported supplementation on glucose metabolism.

significantly lower hip BMD in subjects with low serum The cross-sectional study involving largest cohort
25(OH)D concentratiort$?%. Besides, vitamin D  of non diabetic Americans (n = 6288) reported an
supplementation led to beneficial effect on hip BNV® inverse relationship between serum 25(OH)D

There have been only two studies which have directlyconcentration and fasting or post glucose load véltfes
assessed relationship between body vitamin D statug\ meta-analysis carried out after combining data from
and BMD in apparently healthy Asian Indians. Agta  all studies revealed an odds ratio of 0.54 (95% ClI, 0.23-
al® observed a positive correlation between serum1.27) for the highest versus lowest 25(OH)D
25(0OH) D concentrations and hip BMD in a cohort of concentration (25-38 vs. 10-23 ng/ml, respectivély)
92 healthy subjects from Lucknow. Recently we also In nine of 13 case-control studies reviewed by the
observed a significant relation between serum 25(OH)authors, patients with type 2 diabetes showed a lower
D concentrations and hip BMD but not with lumbar mean 25(OH)D concentrations than the non diabetic
spine or forearm BMD in an urban Delhi colfart  control$’. Association between vitamin D intake and
Differential effects of VDD on BMD at various sites incidence of type 2 DM was examined in Women'’s
possibly involve factors other than hypovitaminosis D. Health Study=° Subjects with daily vitamin D intake
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>511 IU had lower risk of incidence of DM when hypercholesteraemia who are at high risk for CAD
compared to a cohort with daily vitamin D intake of (Framingham cohort) and also in asymptomatic
<159 IU per day (2.7% vs. 5.6%). Pittasal® also individuals from Southway with moderate risk of CAD
examined association between combined vitamin D andvhen followed up for four years. Circumstantial
calcium intake and incidence of type 2 DM among evidences also indicated an increase in the risk of CAD
83,806 women in Nurses’ Health Study. After adjusting with increasing geographic latitude and associated fall
for age, BMI, and non dietary covariates, a significant in serum 25(OH) D. On the contrary, there was a decline
inverse association was observed between vitamin Din mortality from CAD for males in the New Mexico
intake and calcium intake on one hand and risk of typewith higher altitude®. On an average, an increase of
2 DM on the other. 1000 meter in the altitude of residence was associated
with a 28 per cent decrease in mortality rates associated
effect of vitamin D supplementation on glycaemic with CAD. In add'“o!“ several studies also
demonstrated increase in the coronary events and

control over long term period. Pittas af* studied 92 . . S
) ) . . ; associated mortality (up to 40%) in winter season when
diabetic subjects and reported decrease in fasting plasma
. o -~ 'compared to other seasétfé We reported seasonal
glucose after 3 yr in group receiving daily

. o variation of serum 25(0OH) D levels with almost
i;ﬁzﬁlﬁnmg?;téoqﬁé Z)?)?elr?tigr r\géin;g]ngrﬁgifggnﬁgc?; gndetectabl_e 25(OI_-I) D levels in winter in Indians de_spite
offect of vitami.n D in type 2 DM includé)(improved its sunny climaté Zl'gtermanet al““alsp suggested high

. o AT prevalence of CAD in urban population when compared
Fi-cell funptlon via direct effept Qf vitamin D or b_y to the rural population could be due to VDD secondary
increase in the mtragellular |on|ze_d ca_lmum \.'.Vh'Ch to environmental pollution linked block in UV rays.
_therefore V\{ould.result m_e_nhanced insulin relea_s)s, ( Agarwal et af® also reported environmental pollution
!ncre_ased insulin sensitivity related to expression C.)fand haze related fall in serum 25(OH) D in urban Delhi.
insulin receptor or via calcium dependent pathways in

target cells leading to increase in the glucose utilization, ~ The incidence of hypertension also followed an
and (ii) inhibition of B-cells apoptosis due to VDR inverse relation with serum 25(OH}f®’and increased

transcription factor mediated inhibition of cytotoxic intake of vitamin D was associated with 9.3 per cent
cytogene gene expressiaiWhile there is a possibility ~ decrease in systolic blood presstrénterventional

that widespread prevalence of type 2 DM observed instudies had also shown up to 40 per cent fall in C-
Asian Indians could be partially related to VDD, there reactive protein (CRP) and interleukin-6 (inflammatory
are no data available among Indian subjects on VDDMarkers of CAD) at the end of one year in patients with

and its effect on beta cell function or insulin sensitivity. CAD put on three monthly injections of 1250 pg
cholecalciferoP. Similar fall in CRP levels were also

Vitamin D deficiency in cardiovascular diseases observed during short term intervention with daily 12.0

Rheumatic heart disease and associated heart failured Vitamin D in patients admitted for short duration in
are common in India. The estimated prevalence ofan intensive care ufit Besides, McGoniglet aP*
coronary heart disease is also high (8-10%) in urbanfoun(_zl S|g_n|f|cant_ improvement in left ventricular
India®2“¢ The high prevalence of CVD in renal failure function with 1a vitamin D3.

is linked with lower levels of vitamin D metabolités The possib|e reasons for the harmful effect of VDD
There is increasing evidence that VDD might be anon CAD, HT and congestive heart failure (CHF)
important determinant in the pathogenesis of CVD, reported in various studies could be due to the
hypertension and congestive heart fafttire combination of the followingi) inhibition of VDR
mediated Gla matrix protein expression which would
presult in activation of vascular calcificationij)(

There is a paucity of interventional trials assessing

Recently, Zittermanret aF* reviewed various
studies reporting association between CVD and VDD level ) il
in context of increased prevalence of coronary artery!créased PTH levels and associated myocardial,
disease (CAD), vascular calcification and essentialv"’llv.u'a‘r and vascular _calc_|f|cat|om|§ activation of
hypertension. Besides, intervention trials assessing rolé)ro-mflammatory cy_toklnesl\() suppression of anant-
of vitamin D supplementation in CVD were also nflammatory cytokine IL;lO, anav) stimulation of
reviewed. Study by Watsoet al® reported inverse renin angiotensin systefr:
correlation of serum 1,25(0H), and presence of Approximately 30 million subjects (14.1 million
coronary artery calcification in subjects with inurban areas, and 15.7 million in rural areas) are likely
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to be affected with CAD in our countfyInterestingly, an annual incidence of 10.5/100,000 Similarly,
CHD also manifests almost a decade earlier in Indiacontrary to the previous belief about the rarity of IBD
when compared to western countffedhough there in India, Soodet aF' showed that disease is widely
have been a few case reports showing improvement irprevalent in India when careful house-to-house surveys
ejection fraction following calcium and vitamin D were carried out in Punjab. Interestingly, it has been
supplementation in Indian patients with CHF and suggested that environmental triggers play a major role
hypocalcaemi®&®’, there is no systematic study in Indian patients with multiple sclerosis in view of
assessing association of VDD with postpartum absence of family history in majority of the patients,
cardiomyopathy, CHF and CHD. unlike in USA2 VDD could be one such triggering
Vitamin D deficiency and immune system factgr in view of its linkage with MS. Though
autoimmune disorders such as T1DM, MS and IBD are
Vitamin D deficiency and autoimmunitylost of the  common in India, there have been no study to date

autoimmune disorders are observed in assessing the role of VDD among Indians in any of the
immunogenetically predisposed individuals when gpove disorders.

exposed to adverse environmental agents such as viruses o o

and altered nutritional factors. The classical exampleVitamin D deficiency and tuberculosiBuberculosis is

is increase in the incidence of autoimmune thyroiditis @ important public health problem in India. Role of VDD
following iodine supplementation in iodine deficient in predisposition to tuberculosis has been speculated for
populatiorit. Recently, VDD has been implicated as a @ long time. Cod liver oil was first advocated for the
triggering factor in autoimmune disorders such as typetreatment of tuberculosis in 1770 and was Wldely used
1 diabetes mellitus (T1DM), inflammatory bowel till the 19th centur$?*. Patients with tuberculosis were
disease (IBD) and multiple sclerosis (MFSVDR is also advised treatment at sanatorium where sunshine was
expressed in peripheral blood monocytes, macrophagedivailable in plenty. Calciferol was used to treat
dendritic cells, leukocytes and activated CD4+ andtuberculosis in the late 1940s and treatment was
CD8+ T cells and as a results VDD can have widespreadationalised based on its role in the calcification of
effects on immune effectors respofise 1,25(0H) D, tuberculosis lesions. With the advent of effective
mediating its action through VDR has been reported toantituberculosis drugs in the mid 1950s, enthusiasm for
inhibit proliferation of Thl-helper cells and secretion treating tuberculosis with vitamin D subsided. However,
of cytokines such IL-2 and interferon gamma (I§F- it formed the basis of subsequent investigations linking
Vitamin D enhances IL-4 response due to its stimulatory VDD with pulmonary tuberculosts®, Davie$® reported
effect on Th2 celf§¢". Therefore, vitamin D modulates significantly lower levels of serum 25(OH) D in patients
T cell differentiation towards Th2 phenotype and with untreated tuberculosis in comparison to healthy
inhibits Th1l development and could result in controls. In a similar study, Grangé af® showed that
predisposition to various autoimmune disorders. patients with higher 25(OH) D levels had less extensive

Epidemiological studies support association betweenr@diographic disease. Douglesal” reported a striking
VDD and seasonal pattern in the onset of TIDM, IBD Séasonal variation of tuberculosis incidence, with peak
and MS®7. Population based studies had shown thatduring the summer and nadir in the spring; unlike other
vitamin D supplementation during early years of life reSpiratory diseases. Seasonal changes in vitamin D levels
was associated with decreased frequency of TRM ~ Were suggested as the possible cause for the paradoxical
Rickets during first year of life was associated with reversed seasonality of tubercul&sis

increase risk of TIDVF. Further, presence of islet auto- vjitamin D supplementation in tuberculasRecently,
a'ntlbo'dles in offspring v_vasmversely related to_maternaINurSyamet aP? carried out a placebo-controlled
vitamin D intake during pregnanCy The higher  anqomized trial of vitamin D supplementation (0.25

prevalence of IBD was also reported form the o/qay for initial 6 wk) in 67 patients with pulmonary
geographical regions of North America and Northern ; \barculosis. All the subjects in the vitamin D

Europe with Iimitec_i sun_shiﬁfé?l_ Higher incidence of supplemented group and only 76.7 per cent in the
IBD was reported in Asians migrated to EurBipe placebo group had sputum conversion. In another
T1DM was considered to be rare in India. However, randomized control trial, addition of vitamin D to
studies have indicated that T1DM is the second moststandard antitubercular therapy resulted in higher rate
common autoimmune endocrine disease in India withof clinical and radiological improveméft
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Vitamin D, immune shifts and tuberculodiscubation Average annual incidence rates of cancer in India
of macrophages with physiological concentration of 1, range from 5.0 to 9.1 per 100,000/yr for prostate and
25(0OH), D (10°M) led to inhibition of intracellular 7.2 to 31.3 per 100,000/yr for female bré&dsHebert
growth of Mycobacterium tuberculosfs In in vitro et al® also reported that most of the prostate and breast
studies 1,25-dihydroxycholecalciferol had significant carcinoma in India were diagnosed in the late stages in
immunomodulatory effects leading to a shiftin cytokine comparison to the USA where only 15 per cent cases
profile of T-helper (Thl to Th2) and reduced antigen were diagnosed in the advanced stage. Role of VDD
presentatioft. With the currently available knowledge deficiency in wide prevalence of advanced carcinoma
it is difficult to explain beneficial effect of vitamin D  of the breast and prostate in India is not known.
supplementation on the basis of shift in the immune Interestingly, vitamin D and its analogues inhibit the
mechanism because vitamin D supplementation wouldinvasiveness and angiogenesis of several cell types in
enhance Th2 cytokine response rather than beneficiain vitro studie$®*'% There is a need to perform studies
Thl response. Recently Let aP” have shown that relating VDD and advanced stage of malignancy
vitamin D supplementation results in increased observed in India.

expression of antimicrobial peptide ‘cathelicidin’ in the
macrophage culture, which could result in killing of
the intracellulaiM. tuberculosis This is a potential Osteoarthritis of the knee and hip are common in
mechanism which could logically explain role of India. Community surveys carried out in adult
vitamin D in enhancing innate immunity in patients with population in rural Pune and rural and urban subjects
tuberculosis. However, studies related to the shift inin Chandigarh revealed up to 29 and 33 per cent
immune responses in vitamin D deficient state haveprevalence of osteoarthritis of the knee joint in these
only been conducted in experimental andvitro regions, respectivel§*°”. VDD had also been
conditions. There is a paucity of comprehensive andassociated with poor BMD in subjects with
systematic studies on the impact of vitamin D therapyosteoarthritis of the knee and hip jé#t® Several

in human subjects with tuberculosis in terms of investigators have assessed the possible relation
immunity. between presence and progression of osteoarthritis of
the knee joint and VD10 Bischoff-Ferrariet af!
studied prevalence of knee osteoarthritis in elderly

Schwartzet aF® first provided evidence of subjects with mean age of 75 yr and reported
relationship between VDD and cancer by reporting comparable prevalence of osteoarthritis in vitamin D
higher mortality in patients with prostate cancer with sufficient and deficient subjects (43.6 versus 50.4%).
increasing latitudes. Giovannu@tiaP® reported 17 per Felsonet al2 carried out a follow up study of 715
cent reduction in cancer incidence and 29 per cenigypjects with osteoarthritis recruited in Framingham and
reduction in total mortality for 10 ng/ml increase in 277 adults with established osteoarthritis of knee joint
predicted 25(OH) D concentrations. The maximum recruited in the ‘Boston osteoarthritis of knee study’.
beneficial effect was observed for gastrointestinal progression of the osteoarthritis was assessed by
cancer. Skinneet af®reported 41 per cent lower risk  sensitive measures such as radiographs and MRI of the
of pancreatic cancer among subjects consuming >60Gknee joint over a period of 9 yr. On an average, one
IU vitamin D daily in comparison to those with <150 fifth of subjects showed worsening of the osteoarthritis
IU per day. Similar inverse relation with vitamin D as revealed by narrowing of the joint space and loss of
nutritional status was also reported for colorectal the cartilage on MRI. Besides, there was no significant
adenomas, endometrial and breast carcinoma. Besidegissociation between baseline 25(0OH) D levels and
Hartmanet al®* reported 18 per cent lower recurrence radiographic worsening. Thus, contrary to the popular
of adenomatous polyps in ‘Polyp Prevention Trial’ belief the results of the recent studies involving
among subjects on vitamin D supplementation. Varioussufficient number of subjects and statistical power did
mechanisms implicated in anticancer effects of vitamin not reveal association between VDD and osteoarthritis.
D involve cell cycle regulation, induction of apoptosis, However, in most of the above studies mean serum
cell differentiation, disruption of growth factor mediated 25(OH) D values at baseline were > 20 ng/ml; almost
cell survival signals and inhibition of angiogenesis and double the mean value observed in Asian Indians
cell adhesiot? view of high prevalence of osteoarthritis and potential

Vitamin D deficiency and osteoarthritis

Vitamin D deficiency and malignancy
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benefit in Indians, there is a need to perform studies
assessing prevalence and worsening of osteoarthritis
with severe hypovitaminosis D in our country.

Conclusion

Overall results of various studies conducted to date

in urban and rural India indicate that widely prevalent
VDD is functionally relevant to skeletal health including
osteomalacia and rickets. There is a need to explore it§2.
association with osteoporosis related fractures and
various other non skeletal disorders linked with VDD.
Considering the wide prevalence of VDD in rural areas
of India, that too in the southern Indian States with
almost perennial sunshine, it is unlikely that sunshine
exposure alone as a healthy life style measure would
result in vitamin D sufficiency in us. This is
predominantly due to skin pigmentation. In such a
scenario active intervention is required in the form of a
National policy for vitamin D food fortification
programme in our country.
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