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Abstract

Background: Vitamin D Deficiency (VDD) is known to have adverse implications from conception throughout lifespan. Vitamin D is important in children 
mainly because of its profound effect on growth and development and more importantly bone health. Recent evidence suggests maintaining 25(OH)D levels 
above 20 ng/ml for maximizing health benefits. Despite ample sunshine, VDD is prevalent among 50-90% of Indian children. For understanding functional 
relevance of this widely prevalent VDD, a comprehensive overview of evidence in children is required. The aim of this article is to review studies related to VDD 
among children. This paper collates information from various epidemiological studies among children pertaining to prevalence, morbidities and therapeutics 
thus highlighting the current research gaps and challenges in Indian context. 

Methods: Literature search with keywords focusing on Vitamin D deficiency, Vitamin D, child health, Pediatric, Hypovitaminosis D and Bone health was 
carried out through computerized databases- Medline, Embase, PubMed, Cochrane and Google.

Results: Data in pediatric age group is heterogeneous with limited evidence in under five age group. The VDD among children may be defined either on 
basis of a “population based reference value” or a “functional health based reference value”. Functional cut offs refer to the concentration of 25(OH)D at which 
PTH begins to increase and needs more validation in view of varied response among children. Determinants of circulatory levels of Vitamin D metabolites and 
evaluation of complete 25(OH)D statuses including Vitamin D Binding Protein (DBP) in children also needs further evidence. 

Importantly, the use of vitamin D supplements among children should be done cautiously. The Consensus by Indian Academy of Pediatrics may be 
followed in this context until Indian specific evidence based guidelines are formulated. 

Conclusion: There is a need to explore Vitamin D paradox with regards to cut offs and risk factors such as genetic, environmental and behavioral factors 
in Indian children.
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Background
Vitamin D Deficiency (VDD) is known to have adverse 

implications right from conception throughout lifespan. It is 
important in children mainly because of its profound effect on growth 
and development. Since approximately 40%-60% of total skeletal 
mass at maturity is accumulated during childhood and adolescence, 
it has major implications on adult bone health. It regulates calcium 
and phosphorus balance for bone mineralization and remodeling [1]. 
Rickets is a severe form of VDD and manifests as bone deformities, 

bone pain and weakness. It however represents only tip of iceberg 
as apart from its conventionally understood actions on bone health 
and calcium homeostasis, Vitamin D is believed to have effect on 
body’s endocrine system, immune system, cardiovascular system, 
neuropsychological functioning and neuromuscular performance 
[2]. The active form of Vitamin D ie. 1,25(OH)2D is capable of 
regulating a wide variety of genes which regulates cell growth and 
differentiation. Vitamin D is therefore essential not only for skeletal 
growth, but also for improving immune status in children. Hence 
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elucidating relevance and applicability of insufficient Vitamin D 
levels among children is of paramount importance. 

Vitamin D metabolism and diagnostics 

Nearly 90% of Vitamin D requirement (Vitamin D3) is met 
by adequate exposure of the skin to sunlight through the action of 
Ultraviolet B Radiations (UVR) and rest 10% is said to meet through 
diet [3]. The commonest dietary sources of Vitamin D3 are animal 
food sources e.g., fatty fish (e.g., salmon, mackerel and tuna) cod liver 
oil, milk, etc. whereas Vitamin D2 is found in plant sources like sun-
exposed yeast and mushrooms. The FAO/WHO expert Consultation 
states that humans can get Vitamin D from abundant sunshine, by 
exposing 18% of body surface area (without sunscreen) to mid-day 
sun for 30-45 min [4].

Both the forms of Vitamin D are metabolized in liver to 
produce first 25(OH)D (Calcidiol) and then 1,25,(OH)2 Vitamin D 
(Calcitriol) in kidney which is an active but unstable metabolic form. 
The majority of circulating 25(OH)D and 1,25(OH)2D is tightly 
bound to Vitamin D Binding Protein (DBP) which is an albumin-like 
protein produced in the liver. Internalization of DBP-bound 25OHD 
by the megalin/cubulin endocytic pathway in the proximal tubule 
epithelium allows for hydroxylation of 25OHD by 1-ɑ hydroxylase 
to produce 1,25(OH)2D, the active metabolite of Vitamin D for 
systemic/endocrine functions . 

Assessment of Vitamin D status of an individual is best reflected 
by measurement of 25-hydroxyVitamin D [25(OH) D] as it is the 
major circulating form of Vitamin D with a half-life of 2-3 weeks. 
1, 25(OH)2D (Calcidiol) is the active form with a half-life of only 4 
hours and it is not a good indicator of Vitamin D stores as VDD causes 
PTH elevation that induces increased 1- alpha hydroxylase activity, 
thereby resulting in normal or increased levels of 1,25(OH)2D and it 
circulates at the concentration that is 100-1000 fold less than 25(OH)
D [5].

Immunoassays such as Radioimmunoassay (RIA), Enzyme Linked 
Immunosorbant Assay (ELISA), Chemiluminescence immunoassay 
and protein binding assays are used in routine testing of 25(OH)D 
in clinical laboratories. High Performance Liquid Chromatography 
(HPLC) or tandem mass spectrometry though considered as the gold 
standard for Vitamin D metabolites are expensive, cumbersome and 
time consuming and therefore hardly used commercially [1]. 

Different Classifications that have been used so far to classify 
Vitamin D deficiency on basis of 25(OH)D status are as shown in 
table 1 [1,6-8].

Recent evidence suggests maintaining levels above 20 ng/mL for 
maximizing health benefits like good immune function and overall 
growth [9].

Currently, there is a high prevalence of VDD worldwide, Despite 
ample sunshine, it prevails to 50-90% among children in India [10]. 
Various studies conducted in different parts of the country have 
reported a widespread prevalence of VDD in all age groups. For 
understanding functional relevance of this widely prevalent VDD, a 
comprehensive picture of pediatric studies is required. VDD needs 
more contemplation among children as similar cut offs may not 

be directly applied in view of varied metabolism in children hence 
remains imperceptibly controversial. There is a need to unravel various 
aspects of VDD in children to guide in the diagnosis and treatment of 
VDD in children. Some reviews have highlighted the need for large 
randomized clinical trials to investigate the non-skeletal benefits of 
Vitamin D [11]. The need of research to provide a meticulous picture 
of the ongoing VDD is highly endorsed as it will help policymakers to 
plan supplementation and fortification strategies for preventing VDD 
[11-15].

The aim of this article is to review studies related to Vitamin 
D deficiency in Indian children and to throw light on the debate 
of Vitamin D paradox whether virtual or real. This paper collates 
information from various epidemiological studies conducted among 
healthy children, studies that analyze the association of VDD with 
other morbidities and studies that assess the outcome of Vitamin 
D supplementation among children thus highlighting the current 
research gaps and management challenges in Indian context. 

Methods
Literature search with keywords focusing on relevant topics 

such as Vitamin D deficiency, Vitamin D, child health, Pediatric, 
Hypovitaminosis D, Bone health was carried out through 
computerized databases-Medline, Embase, PubMed, Cochrane and 
Google. The personal knowledge of authors and experience in the field 
has helped in identifying the articles and databases not revealed by 
computer searches. References of various manuscripts were searched 
to identify the missing information. The literature search was limited 
to articles in Indian context over last 20 years. About eighty references 
were reviewed and studies pertaining to Vitamin D deficiency in 
pediatric age group were included. Few studies conducted among 
adult population pertaining to genetic factors and Vitamin D- PTH 
axis were also included. The studies and their findings are described 
in brief data is compiled and interpreted to give a comprehensive 
picture of Vitamin D deficiency among Indian children.

Various studies discussed here have used different cut-off levels 
to define Vitamin D deficiency, insufficiency and sufficiency levels on 
basis of 25(OH)D levels either as nM (nanomoles per liter) or ng/mL. 
For uniformity and ease of comparison, in this review all the data 
on 25(OH)D levels are presented in a single concentration unit for 
serum 25(OH)D levels-ng/mL.

Prevalence of VDD in Indian children

This section has been classified into three different age groups of 
children ie (i) 0-6 months (ii) 6 months to 60 months and (iii) Beyond 
60 months up to adolescent period.

Serum 25(OH)D 
levels (ng/ml)

US
Endocrinology[6]

US Institute Of 
Medicine[7]

Pediatric
Endocrinology 

Society[1]
Lips[8]

Deficiency <20 <15 <15 <20
Sufficiency > 30 >20 >30 >30

Insufficiency 21-29 _ _ _
Risk of Toxicity >150 >50 _ _

Table 1: Different classifications of Vitamin D deficiency on basis of 25(OH)D 
status.
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Children aged 0-6 months (Newborns and Breast feeding 
group): Studies as summarized in the Table 2 were conducted in the 
age group of newborns up to 6 months and showed prevalence from 
62-95.7%. Subnormal maternal Vitamin D status was shown to have 
a significant association with Vitamin D deficiency in newborns and 
breastfeeding babies and subclinical Vitamin D deficiency is reported 
among exclusively breast fed infants with radiological rickets at 
25OHD < 10 ng/ml [16,17]. These studies have revealed predisposition 
of lower 25(OH)D concentrations to neonatal hypocalcaemia and 
infantile rickets with biochemical evidence of hyperparathyroidism 
among infants manifesting with hypocalcemic seizures with Vitamin 
D deficiency [18]. Significant association between a deficient Vitamin 
D status (45.5%) and low birth weight has also been observed [19].

However, though similar cut offs were not used in the 
newborn studies done so far, the cutoff of 25(OH)D for diagnosing 
hypovitaminosis D in the newborn was best considered as 30 nmol/L 
(12 ng/mL) on basis of raised PTH in a few studies [20]. 

6 months-60 months: Studies summarized in the Table 3 were 
mainly conducted in the age group of 9 months -5 years with the 
prevalence of 46-80%. Seasonal variation was observed among 41.6% 
pre-school children [21]. The study results from slum area in Pune 
showed that underprivileged toddlers who were deprived of sunlight 
had a much greater incidence of hypovitaminosis D compared to 
toddlers in slums exposed to sunlight [22].

Effect of atmospheric pollution on Vitamin D status among 
toddlers was assessed in a study from Delhi which reported low 
25(OH)D values among children residing in a high polluted area [23]. 
It was hypothesized that the haze caused by aero pollutants reduced 
UVB rays resulting in reduced cutaneous vitamin D synthesis. 
However, some studies have reported 80-84% prevalence irrespective 
of sun exposure and pollution status [24]. However the sample size 
was inadequate to create conclusive evidence in both the studies.

Beyond 60 months up to adolescent period: Prevalence of VDD 
among 5-20 years children varied between 37.8%-97.5%. Significant 
correlation between serum 25-hydroxy Vitamin D and estimated 
sun exposure (r 0•185, P=0•001) and percentage body surface area 
exposed (r 0•146, P=0•004) was observed among healthy schoolgirls 
[25]. The seasonal variation has also been reported among rural 
adolescent girls with manifestation of low serum 25 OHD levels 
at latitude 26 degree North [26]. The clinical evidence of Vitamin 
D deficiency was noted only among 10.8%-11.5% of the children 
exhibiting Vitamin D deficiency.

No significant difference was reported between 25(OH)D levels 
of urban and rural children, however, low dietary calcium and 
higher phytate to calcium ratio were significantly associated with low 
25(OH)D among rural children [27]. Phytate is the principal storage 
form of phosphorus in the bran portion of grains and other seeds 
and is largely consumed by the rural population. It is indigestible to 
humans and chelates micronutrients such as calcium and iron. High 
serum phosphate levels further increase production of FGF23 in 
bone osteocytes via the action of 1,25(OH)2D. This further results 
in suppressed PTH and 1,25(OH)2D synthesis. These speculated 
mechanisms were possible explanations for low 25(OH)D levels in 
rural subjects on a high phytate and/or low calcium diet, despite 
plentiful sun exposure.

Apart from this, environmental pollutants like fluoride have also 
been reported to affect bone metabolism severely in the conjunction 
with inadequate calcium intake, especially in children resulting in low 
25(OH)D levels [Table 4] [28,29].

Table 2: Prevalence studies among newborn and breast feeding group.

*Community based/ Hospital ba	 sed-(CB/HB)
# 25(OH)D<15 ng/ml
$ 25(OH)D<10 ng/ml

Author and 
Year

Location Age Group
CB/ 

*
HB

Area Sample 
size

Prevalence
(% age)
(25(OH)

D<20ng/ml)
Balsubramanian 
et al; 2006 [18] Chennai Newborns HB Urban 50 26

Bhalala et al; 
2007 [16] Mumbai Newborns-3 

months HB Urban 38 80#

Jain et al;
2010 [17] Delhi 10 weeks-6 

months HB Urban 94 44.33

Nageshu et al;
2016 [19]

Andhra 
Pradesh Newborns HB Urban 121 13.8$

Author and Year Location Age
Group

*CB/
HB Area Sample 

size

Prevalence
(% age)
(25(OH) 

D<20ng/ml
Tiwari and Puliyel 

et al; 2004 [24] Delhi 9 -30 
months CB Urban 

slums
196 82

Ekbote et al; 
2010 [22] Pune

2.6years
(mean 
age)

CB Urban 
Slums 111 77

Basu s et al; 
2014 [21] Kolkata 1-16years HB Urban 156 41.6

Table 3: Prevalence studies done among 6 months-60 months.

*Community based/ Hospital based-(CB/HB).

Author and 
Year

Location Age
Group

*CB/
HB Area Sample 

size

Prevalence
(% age)
(25(OH) 

D<20ng/ml
Vasudevan J et 

al; 2013 [30] Chennai 6mths-
18 years HB Urban 204 37

Marwah RK 
et al;

2010 [31]
Delhi 6-17

Years CB Urban
124# 97.5

166$ 90.9

Sahu M et al;
2009 [26] Lucknow 10-20 Years CB Rural 121 88.6

Puri S et al;
2008 [25] Delhi 6-17years 

(School girls) CB Urban
193# 89.6

211$ 91.9

Harinarayan 
CV et al;
2008 [27]

Andhra 
Pradesh

Children (Age 
not specified) CB

Urban 76 81.5(males),
62.9(Females)

Rural 70 76.5(males),
76.2(Females)

Khadilkar et al;
2007 [32] Pune Post 

menarcheal CB Rural 50 70

Marwaha RK 
et al;

2005 [33]
Delhi 10-18

Years CB Urban
430# 92.6

330$ 84.9

**Community based/ Hospital based-(CB/HB)
# Lower Socioeconomic Status, 
$Upper socioeconomic status

Table 4: Prevalence studies among children and adolescents.
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Table 5: Vitamin D supplementation and fortification studies among children in India.

Author and Year Age group Intervention

Vitamin D status(% age)
(25(OH) D<20ng/ml

Before After

Khadilkar et al;
2010 [45]

Adolescents
(N=50)

N = 24, Control group: placebo and 250 mg calcium/day for 1 year.
8.32 (Median 

Value)
(5.08-12.16) [Mean]

11.24 (Median Value)
(6.68-13.6) [Mean]

N = 25, Study group: 300,000 IU D2 once in every 3 months and 
250 mg calcium/day for 1 year

9.8 (Median Value)
(5.08-13.28) [Mean]

30.08 (Median Value)
(25.68-34.2) [Mean]

Marwah et al; 2010 [30] Adolescent Schoolgirls
(N=290)

60,000 IU D3 per 2 months, for 1 year (Low Income, N=60) 98 38.0

60,000 IU D3 per 2 months, for 1 year (High Income, N=81) 94 80

60,000 IU D3 per month for 1yr (Low Income, N=64) 97 28

60,000 IU D3 per month for 1yr (High Income, N=85) 88 57

Kumar et al;
2011 [46] LBW term infants

Study group, N=216
1400 IU D3 (dissolved in breast milk) per week, Day 7-6 months - 73.4

Control Group, N=237 - 43.5

Garg et al;
2013 [47]

Adolescents
(N=482)

Group A- 60,000IUD3 per wk for 4wks followed by  600 IU D3/day 
for 12 wks

94.8 10.1
Group B- 60,000IUD3 per wk for 6 wks followed by  600 IU D3/day 

for 12 wks

Group C- 60,000IUD3 per wk for 8 wks followed by  600 IU D3/day 
for 12 wks

Vitamin D association with other comorbidities in children

Vitamin D is believed to act as a potent antioxidant protecting 
against free radical damage and an inducer of cellular differentiation, 
protecting against carcinogenesis [34,35]. It also has a role to fight 
against serious infections, by controlling T Cell Antigen Receptor 
(TCR) signaling and activation of human T cells [36]. VDD can 
therefore be associated with an increase in risk for certain diseases. 
However, since these diseases are multifactorial, optimum Vitamin D 
levels may not prevent these diseases, but their risk is lowered.

In pediatric age group, subclinical Vitamin D deficiency and 
nonexclusive breastfeeding in the first 4 months of life were found 
to be significant risk factors for acute respiratory tract infections 
and tuberculosis [37-39]. Significant inverse relationship between 
Vitamin D levels and severity of Asthma was observed in some 
studies [40]. Topical Vitamin D (Calcipotrol) has been proven to be 
effective in management of Psoriasis [41]. Studies have also depicted 
association of Vitamin D intake and reduced risk of T1DM and 30% 
reduction in risk [42-44]. 

Therapeutics of Vitamin D deficiency among children

Vitamin D supplementation studies in healthy Indian 
children: Supplementation studies, among healthy adolescents have 
shown a significant improvement in Vitamin D status and bone 

health. However, large proportion of the population could not attain 
sufficient levels of Vitamin D [Table 5] [12,30,45-47]. 

Though studies have shown Vitamin D supplementation 
decreases and protects against respiratory tract infections, recently 
published Cochrane Review revealed that under five Children may not 
demonstrate benefit of Vitamin D supplementation on the incidence 
of pneumonia [48-50]. This observation was based on findings from 
one large trial in Afghanistan.

Vitamin D fortification studies in children: Two Vitamin D 
fortification studies in healthy children were reported. Significant 
increase in serum calcium and Vitamin D levels and also in Bone 
Mineral Content (BMC) was observed in underprivileged toddlers, 
fed with fortified laddoos. In another study, 776 school children were 
given fortified milk and significant improvement in their Vitamin D 
status was observed [Table 6] [12,51-52].

Current guidelines for management of Vitamin D deficiency: 
Several therapeutic regimens have been pursued to rectify the 
deficiency of Vitamin D. Short term administration of Vitamin D2 
or D3 2000 units daily or Vitamin D2 50,000 units weekly has yielded 
equivalent outcomes in treating hypovitaminosis D in young children. 
The most common recommended regimens are either Vitamin D 
1000-5000 units/day for several weeks or single IM injection of 6 
lakh units (Stoss therapy) or 50,000 U of Vitamin D2 weekly for 8 
weeks. The total therapeutic dose of Vitamin D has been reported to 
be more predictive of Vitamin D sufficiency rather than the frequency 
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of dosing (daily, weekly or monthly). Therefore, treatment regimens 
for a given patient can be individualized to ensure compliance, since 
no difference in the efficacy or safety was reported in these common 
treatment regimens [53].

Considering the increased prevalence of VDD and the confusion 
about supplementation and treatment of vitamin D deficiency for 
various age groups, the Indian Academy of Pediatrics has recently 
published a set of recommendations for prevention and treatment of 
vitamin D and calcium deficiency in July 2017. According to these 
guidelines, for the prevention of rickets in premature infants, 400 IU 
of vitamin D and 150-220 mg/kg of calcium, and in neonates, 400 
IU of vitamin D and 200 mg of calcium are recommended daily. For 
prevention of rickets and hypocalcaemia in infants (after neonatal 
period) up to 1 year of age, and from 1-18 years, 400 IU and 600 
IU vitamin D/day and 250-500 mg/day and 600-800 mg/day of 
calcium, respectively are recommended. For treatment of rickets in 
premature neonates, infants up to 1 year and from 1-18 years, 1000 
IU, 2000 IU and 3000-6000 IU of vitamin D daily, respectively  and 
elemental calcium of 70-80 mg/kg/day in premature neonates and 
500-800 mg daily for all children over that age are recommended. It 
is recommended that larger doses of vitamin D up to 60,000 IU/week 
for 6 weeks may be given from 3 months to 18 years of age [54].

Research gaps in Indian context

Genetic factors affecting Vitamin D status: Genetic factors 
such as polymorphisms in 7 dehydroxylase reductase, DBP, 1 alpha 
hydroxylase, VDR, 25 hydroxylase, 24 hydroxylase affect expression of 
genes which modulates Vitamin D metabolism resulting in Vitamin D 
deficiency. DBP is encoded by Gc located on chromosome 4q11–q13. 
While DBP is relatively stable in most healthy populations, a recent 
study showed that there are gene polymorphisms associated with 
race and ethnicity that could alter DBP levels and binding affinity. In 
cases of low DBP or gene polymorphisms, 25(OH)D - DBP complex 
will not form which will have implications in Vitamin D status of 
an Individual. The genetic variance of the common GC T436K 
SNP affecting circulating levels of the DBP protein and resulting in 
low circulating 25-OHD has been reported in young children [55]. 
The DBP and Vitamin D status has also been studied in a very few 
Indian studies in context to adult population [56]. However, a clear 

association between these polymorphisms and Vitamin D status is yet 
to be established pertaining to Indian children [57,58].

Epigenetic factors cause heritable changes in the gene expression 
without changing the DNA sequence. Post-translational modifications 
of histones-methylation, acetylation and phosphorylation, and 
aberrant expression of microRNAs could be some likely mechanisms. 
Interaction between genetic and environmental factors, modulated 
by epigenetic factors has also been reported in few studies [59].

Vitamin D and PTH axis: The cutoff values for deciding Vitamin 
D deficiency are mainly based on adult studies in relation to fracture 
risk, intestinal calcium absorption, or bone mineral density [60]. The 
metabolic cutoff values are defined at the level at which serum levels 
of Parathyroid Hormone (PTH) increase and serum 25OHD level 
decreases below a variably defined range of 37.5-75 nmol/l (15-30 ng/
ml) [8,61-62]. 

In children, a few studies have attempted to investigate the 
Vitamin D and PTH axis and also demonstrated inverse relationships 
between 25OHD and PTH [33,63-65]. However the deflection points 
in pediatric population may vary. The vast majority of children with 
abnormal bone metabolites had 25(OH)D levels less than 13.6 ng/
ml and PTH levels > 50 ng/l. Vitamin D deficiency, based on PTH 
elevation, was best defined by a 25OHD level of 13.6 ng/ml (34 
nmol/l) children with VDD, without raised PTH or signs of rickets 
are not at an increased risk of fractures [66,67].

Lack of Indian cut off values for diagnosis of Vitamin D 
deficiency: Indian RDA guidelines 2010 mentions increasing 
prevalence of Vitamin D deficiency in India, however adequate sun 
exposure and physical activity is recommended for Vitamin D and no 
specific suggestions are made on intakes for different age groups [68]. 
This is because very few Indian foods are fortified with Vitamin D, 
and that too, with small amounts [69]. However, recently published 
nutrition Guidelines by NIN ,ICMR have calculated Vitamin D2 
content of plant foods and D3content of animal foods using LC-
MS. This new analytical method Vitamin D data in food will help in 
dietary intake assessment of Vitamin D and may be taken up in future 
studies.

No Indian guidelines for identifying cut offs for Indian children 
have yet been established. Similarly though IAP has come up with 

Author Age group Intervention
Vitamin D status(% age)

25(OH) D<20ng/ml

Before After

Ekbote  et al; 2011 [51] Children

Control Group (28): 1 fortified laddoo *, with 156 mg of calcium, 5 
times/week for a year + 1 laddoo with 30,000 IU D3/month for 1 year.

7.56 [Median 
Value]

(Mean-10.8)

23.24 [Median 
Value]

(Mean-4.76)

Study Group (30): 1 fortified laddoo, with 405 mg of calcium, 5 times/
week for a year + 1 laddoo with 30,000 IU D3/month for 1 year.

10.0 [Median 
Value]

(Mean-10.84)

25.75 [Median 
Value]

(Mean-9.56)

Khadgawat  et al;
2013 [52]

School children and 
adolescents

Control group(237): Unfortified milk 200 mL/day for 12 weeks 93.6 94

Study Group A (243), fortified milk, 600 IU D3/200 mL/day for 12 weeks 95 30

Study Group B (233), fortified milk, 1000IU D3/200 mL/day for 12weeks 87.9 18.9

Table 6: Vitamin D fortification studies among children in India.
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the guidelines for Vitamin D supplementation among children, no 
supplementation strategy of Vitamin D with special regard to under 
five children is yet defined by the Government.

Discussion
Prevalence and attributing factors

Various studies have discussed different aspects of Vitamin 
D deficiency among children. It is observed that inadequate sun 
exposure contributes significantly to Vitamin D deficiency in 
children. Pollution results in high haze score which hinders solar 
UVB rays reaching the ground because of high haze score. This 
hampers Vitamin D synthesis. The lack of space, overcrowded 
tenements prevent the direct sunlight reaching inside most parts in 
urban regions and gives limited scope for outdoor activities among 
children. The extreme discomfort of the scorching heat also keeps 
children away from the midday sun exposure. This specially holds 
true among under-five children who are either in preschools indoors 
during 10 am to 3 pm making them more susceptible for Vitamin 
D deficiency owing to inadequate sun exposure. High phytate and/
or low calcium diet are likely mechanisms for Vitamin D deficiency 
among children despite adequate sun exposure. The cooking practices 
also alter Vitamin D content of foods as Vitamin D is stable up to 
200 °C.  Since most cooking fats and oils have smoke points above 
180 °C, shallow and deep-frying of food degrades Vitamin D once it 
comes out into the cooking medium. All these factors may contribute 
to Vitamin D deficiency among children.

Defining Vitamin D cutoffs in Indian Children

Substantial amount of data has been generated on VDD among 
children is demonstrating heterogeneity. Majority of the studies 
have focused on school going children and adolescents. The data in 
under-five children is very limited and does not give a comprehensive 
picture. Most of the studies have used 20 ng/ml as cut off for defining 
VDD in children. However whether to apply same cut off in children 
is a matter of concern. As suggested in few reviews published before, 
VDD among children may be defined either on basis of a locally 
developed “population based reference value” which may show 
region specific trends or a “functional health based reference value” 
which physiologically defines hypovitaminosis D as the concentration 
of 25(OH)D at which PTH begins to increase. Even though, optimal 
level of 20 ng/ml is essential for maximizing the health benefits, the 
biochemical definition of VDD does carry importance in children as 
deflection points vary in children. The “optimal” 25OHD threshold 
which separates blood markers of abnormal bone metabolism from 
normal bone metabolism may differ in children as it is observed that 
PTH elevation levels in response to low 25(OH)D levels in pediatric 
age group is not as same as that that of adults. Therefore simply 
estimating deficiency on the basis of population based reference 
values may not be appropriate. The studies conducted on basis of 
Vitamin D-PTH axis among children have identified lower cut off 
values among children on basis of PTH response which is analogous 
with the Pediatric Endocrinology Society classification. However 
there is no clear consensus for defining VDD among Indian children 
based on these studies on Vitamin D-PTH axis. Therefore further 
research is needed focusing especially on under-five children to create 

evidence on VDD for planning any supplementation or fortification 
strategies for children.

Newer perspectives

The Vitamin D among children needs further exploration. Factors 
like D binding protein to which majority of 25(OH)D is bound may 
have some role in Vitamin D deficiency in children. Determinants 
of circulatory levels of Vitamin D metabolites in children have not 
yet been evaluated among Indian children. Alterations in DBP levels 
may be potential confounders on the interpretation of total 25(OH)
D concentrations among children. The biological relevance of the 
DBP-bound Vitamin D metabolites versus the DBP-unbound or 
“free fraction” of Vitamin D has not yet been established. Further 
research is required to estimate complete 25(OH)D status including 
free 25(OH) index, Vitamin D Binding Protein (DBP) to understand 
whether the free 25(OH)D index as compared to total 25(OH)D 
levels is a better marker of 25(OH)D tissue availability.

The information regarding association between genetic and/
or epigenetic factors and Vitamin D status is also inconclusive 
and warrants further study. Future studies may consider all these 
aspects. Recently published nutrition Guidelines by NIN, ICMR may 
be referred in dietary intake assessment of Vitamin D and can be 
considered in future studies.

Therapeutics

Vitamin D sufficiency status may not be treated as a “feel good 
status” for the children and irrational use of massive doses to be 
avoided. Advocating Educational Programs in physical activity 
especially among under-five children should be encouraged in 
preschools. Supplementation strategies advised by Indian Academy 
of Pediatrics (IAP) such as supplementation in newborn period and 
Infancy may be followed till any strategic plan is made at national 
level.

Conclusion
There is abundant room for further progress in determining 

Vitamin D status in children by understanding overall Vitamin D 
status of children including genetic, environmental and behavioral 
factors and needs further research. 
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