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to adverse health outcomes in both children
and pregnant women that extend beyond bone
health. VDD remains an important global public
health concern, and an important
diﬀeren a on must be made between the
impact of VDD on children and adults. NR is an
en rely preventable condi on, which could be
eradicated in infants and children worldwide
with adequate vitamin D and calcium
supplementa on. VDD and NR are global public
health issues that require a collabora ve, mul level approach for the implementa on of
feasible preventa ve strategies. [109]

Introduc on
Children are the touch-stone of a healthy
sustainable society and hence, future of
sustainable development begins with safe[1,2]
guarding the health of every child. During the
ﬁrst 3 years of life, child development is
dynamic and involves the matura on of
interrelated func oning such as cogni ve,
physical and socio-emo onal capabili es. It is a
p erio d marked by rap id p hysical an d
neurological development and requires proper
nutri on in order for the child to achieve those
capabili es so that the child can reach their full
poten al not only in quality of life, but also in
terms of educa onal achievement and earning
[3]
poten al.

Factors inﬂuencing growth &
development of kids

Child development depends on the synergis c
eﬀects of environment, nutri on, responsive
s mula on, and social structures that work to
nurture proper child development.
Development depends on adequate access,
quality, prepara on and consump on of
healthy foods, interac ve bonding and
emo onal and intellectual nurturance from
caregivers, suppor ve social and educa onal
structures and community, economic and
[3]
poli cal support.

The growth of children is a complex process
that depends on many interac ng factors
including both genes and environment.
Par cularly important are –
• The prenatal and postnatal nutri onal status
of the mother as well as infant
• Birth weight
• Diet and
• Infec ons.

Though, development is dependent on
mul ple factors beyond food and
micronutrients, yet we cannot ignore the
centrality of good nutri on. Nutri on by
providing the building blocks for brain
development has a strong inﬂuence on
c o g n i v e , ﬁ n e a n d g ro s s m o t o r s k i l l
development, educa onal a ainment and
psychosocial behaviour along with linguis c
and social development and self-regula on. [3]

Diﬀerent factors associated with the process of
growth are –

Vitamin D and calcium are important nutrients
for skeletal growth and bone health. Children
and pregnant women are par cularly
vulnerable to 25-hydroxy vitamin D deﬁciency
(VDD). VDD, with or without dietary calcium
deﬁciency, can lead to nutri onal rickets (NR),
osteomalacia, and disturbances in calcium
homeostasis. Mul ple studies have linked VDD

• The most important basic factors possibly
indirectly inﬂuencing child growth are the
general social, cultural, economic and poli cal
co ntex t s . T h e s e a re f u n d a m e nta l fo r
establishing human, social, ﬁnancial, physical
and natural capital, all determinants for living
condi ons and dis nc vely diﬀerent between
urban and rural contexts.

These factors are in turn and to diﬀerent
degrees determined by socioeconomic,
cultural and biologic condi ons [4].
Birth weight and child growth are important
predictors for the future health of a person and
[5]
for the public health of a popula on.
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weight of a child is the result of intrauterine
growth as well as the nutri onal condi ons and
gesta onal age at birth. It is also reﬂec ng the
mother's health, nutri onal status and
behaviour during pregnancy including e.g. use
of antenatal care and smoking. Birth weight is
the star ng point for the infant's further
growth. A er birth, nutri onal prac ces,
primarily breas eeding, and child illness are
likely to inﬂuence growth.

Underlying factors are primarily
characteris cs of persons and households. For
persons, the tradi onal demographic factors
like the age of the mother and, to some extent,
of the father are of interest. Educa on and
occupa on of parents[6,7] par cularly of the
mother, can be expected to be of importance.
Children with mothers having higher educa on
have shown be er growth (lower stun ng,
underweight, obesity and overweight)[6]. At the
h o u s e h o l d l e v e l , e c o n o m y, d w e l l i n g
characteris cs, assets and size, numbers of
adults and children, are key factors. [ 7 , 8 ]
Sa sfactory personal and household social and
economic resources are needed as underlying
factors to create condi ons and interest for
health promo ng choices and behaviour.

These factors are men oned below in a chart
[5]
form.

Roles of Vitamin D
Sterols were discovered by Adolf Windaus who
received the Nobel Prize in Chemistry in 1928
for his studies on the cons tu on of sterols and
their connec on with vitamins.[9] About a
century ago, the sun's ultraviolet radia on was

Immediate factors are directly inﬂuencing
child growth at the individual level. The birth
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cholecalciferol (pre-D3) through a
nonenzyma c mechanism.

discovered to promote the conversion of
cholesterol into vitamin D, thus preven ng
rickets.

• This mechanism is induced by exposure to
U V B a n d s u bs e q u e nt l y i s o m e r i ze d to
cholecalciferol (Vitamin D3).

Roles of Vitamin D include :
• Vitamin D is a prohormone that plays a crucial
role in the control of calcium and phosphorus
[10]
metabolism.

• Vitamin D undergoes two enzyma c
hydroxyla on reac ons: the ﬁrst in the liver
mediated by the 25-hydroxylase, which forms
25-hydroxyvitamin D [25(OH)D], and

• It is an essen al determinant of bone health
(bone growth and mineraliza on) in childhood
and adolescence. Given the high rate of bone
development early in life, adequate serum
concentra ons of vitamin D are crucial for the
developing child.[11]

• The second in the kidneys mediated by
1hydroxylase, which forms the biologically ac ve
hormone, the 1,25-dihydroxyvitamin D
[1,25(OH)D].

• In recent years, emerging evidence suggests
that vitamin D also has eﬀects on extraskeletal
ssues, as many cells throughout the body
express the vitamin D receptor.[10]

• The eﬀects of 1,25(OH)D are mediated by a
vitamin D receptor (VDR) that acts as a
transcrip on factor and regulates gene
[4]
expression .

• In ssues including brain, heart, pancreas,
stomach, gonads, prostate, lympha cs, and
skin, vitamin D appears to play a role in
improving immune func on and reducing
inﬂamma on [10].

Conversion of cholesterol into Vitamin D is
shown in Fig. 1. (Shown in next page)

• There has also been a piquing interest in
vitamin D in paediatric pa ents due to the
recent epidemiologic reports sugges ng that
vitamin D may protect against autoimmune
disease and play a role in innate immunity. [11]

Less than 10% of vitamin D is derived from the
diet while close to 90% is synthesized in the skin
with sunlight exposure.[54] Hence, cutaneous
synthesis of vitamin D is a signiﬁcant source of
[18]
vitamin D replenishment.

• It has been es mated that vitamin D
contributes to the expression of more than
[12]
1250 genes .

Vitamin D, also known as calciferol, comprises
of a group of fat-soluble seco-sterols. The two
major forms are vitamin D2 and vitamin D3.

• Some studies have shown the associa on
between vitamin D deﬁciency and diseases
such as cancer [13,14], increased cardiovascular
risk [15,16], or respiratory diseases[17].

• Vitamin D2 (ergocalciferol) is largely humanmade and added to foods, whereas

Sources of Vitamin D

• Vitamin D3 (cholecalciferol) is synthesized in
the skin of humans from 7-dehydrocholesterol
and is also consumed in the diet via the intake of
animal-based foods.

Deriva on / Synthesis of vitamin D

Both vitamin D3 and vitamin D2 are synthesized
commercially and found in dietary supplements
[19]
or for ﬁed foods.

Vitamin D derives from both sun exposure and
dietary intake, but the majority is synthesized in
the skin.

Ingested vitamin D2 and endogenously
produced D3 are converted to the biologically
ac ve form, 1, 25-dihydroxyvitamin D

• It starts from the precursor 7-dehydrocholesterol, which is converted into pre3

[1,25(OH)2D] (calcitriol) in the human body.[20]

Sources:
A) Sunlight - Cutaneous synthesis of
Vitamin D is a signiﬁcant source of
Vitamin D replenishment.
B) Diet - Oily Fish (e.g., salmon, mackerel),
Cod Liver Oil, Oﬀal, Egg yolk, Mushrooms
C) For ﬁed milk & dairy products
D) Supplements

Very few foods in nature contain vitamin D.
• The published data show that the highest
values of vitamin D are found in Oily Fish (e.g.,
salmon, mackerel) and especially in ﬁsh liver,
but oﬀal also provides considerable amounts of
vitamin D. The content in muscle meat is
g e n e r a l l y m u c h l o w e r. V i t a m i n D
concentra ons in egg yolks range between the
values for meat and oﬀal. If milk and dairy
products are not for ﬁed, they are normally
low in vitamin D, with the excep on of bu er
[21]
because of its high fat content.

Levels of Vitamin D
Given the various methods and the variability in
the values of vitamin D using diﬀerent assays,
reports for serum 25(OH)D should be
interpreted with care, taking into account the
laboratory and type of assay employed.

• Some mushrooms provide vitamin D2 in
[22, 23]
variable amounts
.
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Measurement of the ac ve form of vitamin D,
1,25-dihydroxy-cholecalciferol for the
assessment of vitamin D deﬁciency is not
recommended [24].

characterized by bone ssue accre on and
depends on gene c, environmental, nutri onal
[27]
and hormonal factors . This process begins in
the foetal age and ends in adolescence with the
fusion of the epiphyseal growth plate that
determines the ﬁnal stature of an individual.

Data suggest that 20 ng/mL (50 nmol/L) can be
set as the serum 25(OH)D level that coincides
with the level that would cover the needs of
[19, 25]
97.5 percent of the popula on
.

The main hormone involved in growth at each
stage of development is growth hormone (GH).

According to the Global Consensus
Re co m m e n d a o n s o n P reve n o n a n d
Management of Nutri onal Rickets, diﬀerent
Vitamin D Concentra ons & related levels are
men oned below: [25](Table 1)

Growth can be divided into four main phases:
foetal, infancy, childhood and pubertal growth.
The foetal phase is dependent on maternal
health, nutri on, and placental func on and is

Table 1:

Vitamin D concentra on

Level

>20 ng/mL (50 nmol/L)

Suﬃcient

Between 12-20 ng/mL (30-50 nmol/L)

Insuﬃcient

<12 ng/mL (<30 nmol/L)

Deﬁcient
mainly under the control of IGF-1, IGF-2 and
mostly insulin[28]. In contrast, during infancy and
c h i l d h o o d , G H a n d t hy r ox i n b e c o m e
progressively more important in growth.

Tolerable upper limit (i.e. the maximum level of
total chronic daily intake of a nutrient from all
sources judged to be unlikely to pose a risk of
adverse health eﬀects to humans) for intake of
vitamin D and calcium for diﬀerent age groups
[19,24,25,26]
are
given in the below table :

Finally, the pubertal growth phase is
characterized by the ac va on of the
hypothalamus-pituitary-gonadal axis and

Table 2

Age groups

Vitamin D

Calcium

Neonatal Period

1000 IU/day

1000 mg/day

1-12 months

1000-1500 IU/day

1000-1500 mg/day

1-18 years

3000-4000 IU/day

Larger doses may be required for treatment of
rickets; however, tolerable upper limits are not
to be exceeded without supervision.

2500-3000 mg/day

consequently, the produc on of androgens and
oestrogens, which results in a signiﬁcant
increase in GH secre on and serum IGF-I
concentra ons [28].

Concepts related to Vitamin D &
growth

b) Stun ng :
• Stun ng is the most prevalent form of
undernutri on globally among children

a) Growth & Hormones • Human growth is a complex mechanism
5

younger than ﬁve years of age[29]. Nearly 155
million children younger than ﬁve years of age
had stun ng in 2016 ; furthermore, two of
every three of these children live in low and
middle income countries[29].

understanding and scaling up of eﬀec ve
evidence-informed safe and eﬀec ve
interven ons can prevent stun ng among 33.5
million children[37,38,39].
• In par cular, inves gators have explored
vitamin D supplementa on as an interven on
[40]
to prevent and mi gate childhood stun ng .
Op mal vitamin D status, which is o en
assessed by measuring calcifediol (i.e.
25[OH]D), allows calcium absorp on and
growth to support ac ve vitamin D (i.e.
calcitriol [1,25{OH} 2 D 3 ]) [ 4 1 ] . Prolonged
inadequate status of vitamin D impairs
t ra n s c r i p o n a l re g u l a o n o f s ke l eta l
homeostasis and linear growth, which could
result in stun ng [41].

• Child stun ng, deﬁned as measurements
more than two standard devia ons (SDs) below
the World Health Organiza on (WHO)
reference standard (length or height for age z
[30]
score [LAZ or HAZ, respec vely]; reﬂects poor
[31]
cumula ve nutri on in utero and postnatally .
• With prolonged undernourishment, the
human body conserves energy in various ways,
including reducing the rate of linear growth
[31]
during childhood .
• Cri cally, childhood stun ng is associated
with numerous indicators of poor health
(shorter adult height, reduced lean body mass,
lower cogni ve func on, decreased physical
work capacity) and low socioeconomic status
(lower educa onal a ainment, decreased
earnings and wages) during later life [31,32,33,34].

• Prior observa onal studies have provided
evidence that stun ng is associated with
subop mal vitamin D (status or dietary intake)
among children [41,42].
• Maternal vitamin D deﬁciency has been
associated with greater risk of stun ng among
[43, 44]
neonates and children

• In terms of inter-genera onal implica ons,
short maternal stature is linked with stunted
[35,36]
oﬀspring and other adverse birth outcomes .

c) Skeletal homeostasis and linear growth
• Vitamin D has well established eﬀects on
skeletal health, including bone mineraliza on

• It has been es mated that improved
Vitamin D & short stature[46]

A recent study found that growth hormone deﬁciency and vitamin D deﬁciency cons tuted the
major causes of short stature among children and adolescents.
Short stature is deﬁned as height below the 3rd percen le. This means that out of 100 children,
the three shortest children would be considered to have short stature.
Short stature can result from normal variants of growth, such as gene cs, delayed growth and
puberty. It can also be a result of chronic disease, hormonal disorders, malnutri on and skeletal
abnormali es. Early detec on and treatment of remediable causes of short stature, such as
malnutri on and hormonal imbalances, may lead to proper growth among children.
In this study, 33% of children under ﬁve years old are underweight, and 53% have stunted
growth. Research has discovered that up to 94% of these children are vitamin D deﬁcient, leading
to reduced bone mineraliza on and growth rate.
Current data suggests delayed growth and puberty, along with gene cs represent the major
causes.
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and maintenance[41].

calcium deﬁciency) may result in –

• Ac ve vitamin D (1,25[OH]2D3) func ons in
conjunc on with two other hormones
(parathyroid hormone and calcitonin) to
maintain endocrine control of calcium and
phosphorus concentra ons [41].

• Rickets in an infant or child or

• Muscle weakness in an older child/adolescent .

• This ght regula on of calcium and
phosphorus ﬂux (extracellular [bones, blood],
intracellular) is cri cal for development and
maintenance of bones[41], which prevents and
addresses growth faltering.

• Vitamin D deﬁciency may also have a nega ve
impact on the peak bone mass resul ng in low
bone mineral density in childhood, which may
subsequently result in osteoporosis in adulthood
[56]
.

• Speciﬁc roles of ac ve vitamin D include
[45]
increasing intes nal calcium absorp on ,
renal calcium reabsorp on, and skeletal
calcium resorp on (in conjunc on with
parathyroid hormone)[41].

Rickets:

• Osteomalacia (abnormal mineraliza on of bone
matrix) in children / adults and
[55]

Normal bone growth and mineraliza on depends
on the availability of adequate calcium and
phosphate. Deﬁcient mineraliza on can result in
rickets and/or osteomalacia.[57]

d) Diet & Growth-

In rickets, there is deﬁcient mineraliza on at the
growth plate, whereas osteomalacia refers to
impaired mineraliza on of the bone matrix.
Rickets and osteomalacia usually occur together
as long as the growth plates are open as in
children; only osteomalacia occurs a er the
[57]
growth plates have fused as seen in adults.

• Proper nutri on throughout infancy and early
childhood is not only vital for op mal growth
and development but also helps to lay the
founda on for a child's future health[47,48].
• Infants should be exclusively breas ed for the
ﬁrst six months of life. Therea er, to meet their
evolving nutri onal requirements, infants
should receive nutri onally adequate and safe
complementary foods, while con nuing to
breas eed for up to two years or more. [49]

The mineraliza on defects can be classiﬁed as • Calcipenic (Hypocalcemic) rickets caused by
calcium deﬁciency and
• Phosphopenic (Hypophosphatemic) rickets
caused by phosphate deﬁciency. Vitamin D is a
prohormone that is essen al for normal
absorp on of calcium from the gut, and deﬁciency
of vitamin D is usually more common than either
isolated calcium or phosphorus deﬁciency and is
[57]
the commonest cause of rickets/osteomalacia.

The diet in infancy and early childhood is
marked by high nutrient needs[50], a transi on
from an all-milk diet to family foods in the ﬁrst
[51]
year of life , and the development of food
preferences that may aﬀect long-term food
[52]
choices later in life .

Vitamin D & Rickets -

Consequences of Vitamin D
Deﬁciency :

It promotes diﬀeren a on of enterocytes and the
intes nal absorp on of calcium and phosphorus.
This helps in bone mineraliza on. In condi ons of
hypocalcemia or hypo-phosphatemia, vitamin D
s mulates bone resorp on, thereby maintaining
serum levels of calcium and phosphorus. Vitamin
D d e ﬁ c i e n c y o r re s i s t a n c e t h u s c a u s e s
hy p o c a l c e m i a a n d hy p o p h o s - p h a t e m i a .
Hypocalcemia s mulates the release of

In recent years, an increasing number of
scien ﬁc studies have analyzed the eﬀects of
vitamin D on the human body and have
par cularly focused on the consequences of its
[53]
deﬁciency.
Deﬁciency of vitamin D (with or without
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parathyroid hormone (PTH), which, through its
ac ons on bone and kidney, par ally corrects
the hypocalcemia but enhances urinary
phosphate excre on, leading to
hypophosphatemia and osteomalacia.[57]

represents a re-emerging global health
problem.[67]
Indian Scenario :
Vitamin D deﬁciency is increasingly being
recognized the world over as also in India[69-73].
Reports from various parts of India and in all
age groups from neonates to adolescents as
well as pregnant and lacta ng mothers have
reported vitamin D deﬁciency to the tune of 30[74-76]
90% . Further, habitually low calcium intakes
are reported in children and adolescents from
several studies all over India, especially those
from lower socioeconomic classes [77,78].

Rickets is clinically expressed by • Leg deformi es
• Rachi c rosary due to enlarged costochondral
joints
• Frontal bossing and craniotabes
• Radiographic widening of the growth plate
and
• Metaphyseal cupping and fraying[58].

Associated Reasons behind Hypovitaminosis D -

Pa ents with rickets may also have

Some reasons proposed for vitamin D
[68,69,79-84]
deﬁciency in Indian children are:

Growth impairment due to skeletal
deformi es, especially with regards to the
spine, pelvis and lower extremi es because of
defec ve growth plate chondrocyte apoptosis
and matrix mineraliza on in children[59,60,61,62].

• Reduced Sun exposure - Changing lifestyles
with sedentary behaviour in children with
indoor lifestyle (avoiding op mal hours of sun
exposure between 10 AM to 3 PM, the best
me to form Vitamin D in the skin) further
reduce the sunlight exposure and thus increase
the tendency for vitamin D deﬁciency,

Rickets in a neonate resul ng from maternal
vitamin D deﬁciency may result in hypocal[63]
caemic seizures and rarely cardiomyopathy .
Rickets resul ng from deﬁciency of vitamin D
and/or calcium deﬁciency may be prevented
and treated with adequate intake of vitamin D
and calcium[64].

• Gene c factors such as increased 25(OH)D24-hydroxylase, which degrades 25(OH)D to
inac ve metabolites,
• Dark-pigmented skin,
• Skin covering clothing,

Prevalence of Vitamin D deﬁciency
& associated reasons

• La tude - Geographical loca on of various
places in the country (India extends from 8 to 38
degrees north la tude),

Global Scenario :

• Environmental pollu on,

The worldwide prevalence of Vitamin D
deﬁciency varies greatly from country to
country, and it reaches in some cases, peaks of
98% of the popula on. Globally, it is es mated
that approximately 1 billion people are vitamin
D deﬁcient and nearly 50% of the global
popula on is aﬀected by vitamin D insuﬃciency
with the largest prevalence at the paediatric
[11, 65, 66, 68]
age
.

• Socio-cultural prac ces,
• Poor nutri on –
i) A diet low in calcium and high in phytates and
oxalates which depletes vitamin D,
ii) Absence of for ﬁca on with vitamin D,
• Infants especially exclusively breas ed ones
are known to be at par cularly high risk for
vitamin D deﬁciency due to low rates of sun
exposure and low dietary intake via human

Available data on children and adolescents
show that Hypovitaminosis D is widespread and
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not prac cal because of the need for drawing
blood, high monetary cost of assessment, and
also a low posi ve predic ve value; and is thus
reserved for high-risk groups.

Breast milk contains very li le
vitamin D, an average of 22 units/L
(range 15 to 50 units/L) in a
[89]
vitamin D-suﬃcient mother.

Moreover, the serum concentra on that
cons tutes vitamin D deﬁciency is controversial
and not well supported by clinical trials,
especially in the paediatric popula on.

breastmilk, par cularly if the mother is vitamin
(11,85,86,87)
D deﬁcient
.
Premature babies and children with renal,
hepa c disorders, malabsorp ve states, etc.
are at special risk for metabolic bone disease[88].

Deﬁciency is generally measured by the
calcidiol concentra on because of –
• Its long half-life of 2 to 3 weeks,

Given the plethora of literature on vitamin D
deﬁciency, mul ple guidelines suggested by
various interna onal bodies, lack of consensus
about the ranges for deﬁciency and suﬃciency,
peculiari es of the Indian circumstances,
evidence from India sugges ng high prevalence
of vitamin D and calcium deﬁciency in the
paediatric popula on[19,24,25,88].

• Rela vely robust circula ng concentra on,
and
• Resilience to ﬂuctua ons in PTH
concentra ons.[90]
Table 3 summarizes normal and abnormal
serum vitamin D concentra ons as classiﬁed by
the American Academy of Paediatrics
(AAP).[11,91-93]

Apart from children, pa ents with chronic
illnesses (e.g., chronic kidney disease [CKD],
cys c ﬁbrosis [CF], asthma, celiac disease,
inﬂammatory bowel disease and short bowel
syndrome and sickle cell disease) are also at
[6,11,87]
risk.

• The AAP and the Ins tute of Medicine (IOM)
both deﬁne vitamin D insuﬃciency as calcidiol
(25-OH-D) concentra ons < 20 ng/mL in the
[91, 94]
paediatric popula on.

Chronic use of certain medica ons (e.g.,
glucocor coids, cytochrome P450 3A4
inducers, an convulsants, and an -retroviral
agents) has also been associated with
[11]
compromised vitamin D concentra ons.

• In contrast, the Endocrine Society and the
Na onal Kidney Founda on Kidney Disease
Outcomes Quality Ini a ve (KDOQI) guidelines
both classify insuﬃciency as calcidiol
concentra ons < 30 ng/mL.
• The Endocrine Society deﬁnes deﬁciency as <
20 ng/mL, and KDOQI deﬁnes deﬁciency as < 15
ng/mL.[24,95]

Screening & Diagnosis
Although a vitamin D deﬁcit is s ll the most
common type of vitamin deﬁciency in the
world, it goes without being diagnosed for a
long me[55].

• The deﬁni ons in these last 2 groups are more
consistent with the classiﬁca on system used in
adults based on evidence of compromised
bone health and eleva ons in parathyroid
hormone (PTH) at calcidiol concentra ons up to
[11, 96]
32 ng/mL (80 nmol/L) (Table 3).

Rou ne screening of healthy children for
vitamin D deﬁciency is not recommended[24,25].
However, screening may be performed for
children, who are at risk of vitamin D deﬁciency,
for determina on of vitamin D concentra ons
[24]
and treatment .

In a vitamin D deﬁcient pa ent :
• The intes nal absorp on of calcium and
phosphorus is decreased.

Monitoring 25(OH)D levels in the popula on is
9

Table 3. Vitamin D Status Based on Calcidiol Concentra ons

The parathyroid gland recognizes the low
serum calcium concentra ons and releases
PTH to increase the serum calcium back into an
adequate range. PTH increases the calcium
reabsorp on in the kidneys and the excre on
of phosphorus, therefore decreasing the risk of
complica on from an elevated calcium
phosphate product (e.g., kidney stones). While
this reduc on is protec ng the body, it is also
decreasing bone mineraliza on at the same
me.

[24, 91, 94, 95]

old). Regarding the therapy for vitamin D
deﬁciency (25(OH)D < 20 ng /dL), the
recommended dose for pa ents 0–18 years old
is 2000 IU/day for 6 weeks and con nuing with
the preven ve dose [ 2 4 ] . Alterna vely, a
cumula ve dose of vitamin D3 of 50,000
IU/week can be oﬀered to children up to 6 years
of age without any risk of toxicity[103,104].
Maternal Requirements :
Concentra ons of vitamin D determine the
status of vitamin D of her foetus and newborn[100]. Thus, the neonate of a mother who has
vitamin D deﬁciency is also likely to be vitamin D
deﬁcient. Hence, it is recommended that
pregnant mothers receive 600 IU of vitamin D
[24]
daily . This supplementa on is also to be
con nued during lacta on.

Over weeks to months, osteomalacia, stunted
growth, and rickets may develop.[94]
Studies have shown that over half of infants,
children, and adolescents may be inadequately
[97, 98]
supplemented.

Children older than 1 year and adolescents:

Treatment & Recommenda ons:

Vitamin D deﬁciency is likely to occur during
rapid phases of growth as well as when there
are physiological changes; Indian children are
spending more and more me indoors and
intake of milk and other calcium-containing
foods is also low. As a result of this, as per
reports, a very high percentage of children have
vitamin D concentra ons below 50 nmol/L.
Hence, it is recommended that all children and
adolescents be supplemented with 600 IU of
vitamin D that is believed to maximize bone
[24, 70]
health .

Vitamin D supplementa on along with
calcium improves the growth of children.
Regular supplementa on of all children
with vitamin D can be considered as a
policy for preven on of malnutri on.[99]
According to the Endocrine Society Prac ce
Guidelines, the preven on of vitamin D
deﬁciency may be achieved by increasing sun
exposure, ea ng vitamin D-rich foods and
taking daily vitamin D3 supplementa on at the
dose of 400 or 600 IU/day depending on the
age of the pa ent (less or more than 1 year

Higher doses of vitamin D may be required to
ensure adequate concentra ons of vitamin D [2426]
.
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Thus, for at-risk infants, 400-1000 IU/day and
from 1 year onwards, 600-1000 IU/day may be
required to maintain 25(OH)D concentra ons
above 50 nmol/L [24].

Breastmilk is not an adequate source of vitamin
[105]
D ; 400 IU of vitamin D has been shown to
maintain serum 25(OH)D concentra ons at >50
nmol/L in breas ed infants [106] . It is also
recommended that supplementa on be
started in the ﬁrst few days of life.

Screening for vitamin D concentra ons may be
performed in this group of children and
treatment with vitamin D advised accordingly.

It is cri cal to give careful instruc ons about the
dosage and administra on and to avoid
excessive administra on of vitamin D, which
could lead to Hypervitaminosis, par cularly in
infants.

Repeat measurements of vitamin D at 3-6
monthly intervals may be performed as
clinically indicated, especially if follow up
ra d i o l o g i ca l a s s e s s m e nt s s h ow p o o r /
inadequate healing of rickets. Calcitriol, the
ac ve form of vitamin D, should not be used for
[101]
vitamin D deﬁciency rickets.

Recommenda ons are given in chart No. 4
(Next page).
AAP Recommenda ons

Vitamin D3 (cholecalciferol) has been reported
to have greater eﬃcacy in raising 25(OH)D
concentra ons, most supplements available
thus contain D3. Reports suggest that there is
variability in cholecalciferol content of
commercial prepara ons available in the Indian
pharmaceu cal market; thus cau on should be
used when prescribing prepara ons of
[102]
vitamin D

In eﬀorts to achieve and maintain the
target vitamin concentra ons, the AAP
recommends all infants, children, and
adolescents should receive a minimum
daily intake of 400 interna onal units of
vitamin D to prevent rickets and to
maintain vitamin D concentra ons at
> 20 ng/mL (50 nmol/L).[91]

IAP Recommenda ons :

Term infants should be supplemented
with 400 to 800 units daily to account for
the insuﬃcient transfer of maternal
Vitamin D stores and ensure calcidiol
[91]
concentra ons of > 20 ng/mL (50 nmol/L).

Considering the increased prevalence of
vitamin D deﬁciency and the confusion about
supplementa on and treatment of vitamin D
deﬁciency for various age groups, the IAP has
put forth recommenda ons for preven on and
treatment of vitamin D and calcium deﬁciency.
The recommenda ons are in line with other
interna onal organiza ons.

Preterm infants are more likely to be vitamin D
deﬁcient since:
Their transplacental transfer from the mother
was a shorter dura on,

As a long term policy, for fying everyday staple
foods, which will be consumed by the at-risk
segments of the popula on, with calcium and
vitamin D is the solu on to the problem. Till the
me this can be implemented, supplementa on of infants with 400 IU, and children and
adolescents with 600 IU daily and higher doses
for at-risk groups, with adequate calcium intake
for preven on of deﬁciency is necessary.
Adequate intake of calcium and con nuing
maintenance doses of vitamin D a er
treatment of rickets is warranted. Since

Hospitaliza on leading to a negligible amount
of UV-mediated vitamin D forma on, and
Possibly lower vitamin D stores due to a lower
fat mass.[108]
To address this popula on, the AAP published
an expert opinion report in 2013 on the calcium
and vitamin D requirements of enterally fed
[108]
preterm infants.
Although there are no
clinical outcome studies in this popula on, the
AAP recommends[108] 11

Table 5
Birth weight

Dose of Vitamin D per day

Very low birth weight infants (<1500 g)

200 to 400 units

Infants weighing >1500 g

400 units
It is reasonable to consider increasing
this dose to 1000 units as this is the
established upper tolerable intake (UTL)
for healthy full-term infants.

Infants weighing > 1500 g

Take Home Messages :

The calcidiol concentra on goal in the
preterm popula on remains the same
[108]
as full-term infants (>20 ng/mL).

• Children are the indicators of a healthy
sustainable society and hence, future of
sustainable development begins with safeguarding the health of every child. During the
ﬁrst 3 years of life, child development is marked
by rapid physical and neurological
development and requires proper nutri on in
order to reach their full poten al not only in
quality of life, but also in terms of educa onal
achievement and earning poten al.

In 2010, the IOM issued guidelines that
increased the recommended dietary
allowance of vitamin D to 600 units daily
for healthy children 1 to 18 years of age,
which has been echoed by the Endocrine
Society. [24, 94]

• The growth of children is a complex process
that depends on many interac ng factors
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including both genes and environment.
Par cularly important are :

[1,25(OH)2D3] (calcitriol) in the human body.
• Measurement of the ac ve form of vitamin D,
1,25-dihydroxy-cholecalciferol for the
assessment of vitamin D deﬁciency is not
recommended.

a) The prenatal and postnatal nutri onal
status of the mother as well as infant
b) Birth weight

• Data suggest that 20ng/mL (50 nmol/L) can be
set as the serum 25(OH)D level that coincides
with the level that would cover the needs of
97.5 percent of the popula on; thus, vitamin D
concentra ons of >20 ng/mL (50 nmol/L) are
considered as suﬃcient, between 12-20 ng/mL
(30-50 nmol/L) as insuﬃcient and <12 ng/mL
(<30 nmol/L) as deﬁcient.

c) Diet and
d) Infec ons.
Birth weight and child growth are important
predictors for the future health of a person and
for the public health of a popula on.
• Vitamin D, a prohormone, is an essen al
determinant of bone health (bone growth and
mineraliza on) in childhood and adolescence.
Given the high rate of bone development early
in life, adequate serum concentra ons of
vitamin D are crucial for the developing child

• Human growth is a complex mechanism
characterized by bone ssue accre on and
depends on gene c, environmental, nutri onal
and hormonal factors. This process begins in
the foetal age and ends in adolescence with the
fusion of the epiphyseal growth plate that
determines the ﬁnal stature of an individual.

• In recent years, emerging evidence suggests
that vitamin D also has eﬀects on extraskeletal
ssues, as many cells throughout the body
express the vitamin D receptor.

• Stun ng is the most prevalent form of
undernutri on globally among children
younger than ﬁve years of age. Nearly 155
million children younger than ﬁve years of age
had stun ng in 2016 ; furthermore, two of
every three of these children live in low and
middle income countries.

• Vitamin D derives from both sun exposure
and dietary intake, but the majority is
synthesized in the skin.It starts from the
precursor 7-dehydrocholesterol, which is
converted into pre-cholecalciferol (pre-D3)
through a nonenzyma c mechanism.

• Prior observa onal studies have provided
evidence that stun ng is associated with subop mal vitamin D (status or dietary intake)
among children.

This mechanism is induced by exposure to UVB
and subsequently isomerized to cholecalciferol
(vitamin D3).

• Inves gators have explored vitamin D
supplementa on as an interven on to prevent
and mi gate childhood stun ng. Op mal
vitamin D status, which is o en assessed by
measuring calcifediol (i.e. 25[OH]D), allows
calcium absorp on and growth to support
ac ve vitamin D (i.e. calcitriol [1,25{OH}2D3]).

• Less than 10% of vitamin D is derived from the
diet while close to 90% is synthesized in the skin
with sunlight exposure. Hence, cutaneous
synthesis of vitamin D is a signiﬁcant source of
vitamin D replenishment.
• Very few foods in nature contain vitamin D.
Some sources are - Oily Fish (e.g., salmon,
mackerel), cod liver oil, oﬀal, egg yolk,
mushrooms, for ﬁed milk, dairy products &
supplements.

• Ac ve vitamin D (1,25[OH]2D3) func ons in
conjunc on with two other hormones
(parathyroid hormone and calcitonin) to
maintain endocrine control of calcium and
phosphorus concentra ons. This ght
regula on of calcium and phosphorus ﬂux

• Ingested vitamin D2 and endogenously
produced D3 are converted to the biologically
ac ve form, 1, 25-dihydroxyvitamin D
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(extracellular [bones, blood], intracellular) is
cri cal for development and maintenance of
[41]
bones , which prevents and addresses growth
faltering.

D deﬁcient.
• Rou ne screening of healthy children for
vitamin D deﬁciency is not recommended.
However, screening may be performed for
children, who are at risk of vitamin D deﬁciency,
for determina on of vitamin D concentra ons
and treatment.

• Proper nutri on throughout infancy and early
childhood is not only vital for op mal growth
and development but also helps laying the
founda on for a child's future health.

• Vitamin D supplementa on along with
calcium improves the growth of children.
Regular supplementa on of all children with
vitamin D can be considered as a policy for
preven on of malnutri on.

• Deﬁciency of vitamin D (with or without
calcium deﬁciency) may result in – Rickets in an
infant or child or osteomalacia (abnormal
mineraliza on of bone matrix) in children /
adults and muscle weakness in an older
child/adolescent.

• In eﬀorts to achieve and maintain the target
vitamin concentra ons, the AAP recommends
all infants, children, and adolescents should
receive a minimum daily intake of 400
interna onal units of vitamin D to prevent
rickets and to maintain vitamin D
concentra ons at > 20 ng/mL (50 nmol/L).

• Vitamin D deﬁciency may also result in low
bone mineral density in childhood, which may
subsequently result in osteoporosis in
adulthood.
• Rickets resul ng from deﬁciency of vitamin D
and/or calcium deﬁciency may be prevented
and treated with adequate intake of vitamin D
and calcium.

• Term infants should be supplemented with
400 to 800 units daily to account for the
insuﬃcient transfer of maternal vitamin D
stores and ensure calcidiol concentra ons of >
20 ng/mL (50 nmol/L).

• Globally, it is es mated that approximately 1
billion people are vitamin D deﬁcient and
nearly 50% of the global popula on is aﬀected
by vitamin D insuﬃciency with the largest
prevalence at the paediatric age.

• In 2010, the IOM issued guidelines that
increased the recommended dietary allowance
of vitamin D to 600 units daily for healthy
children 1 to 18 years of age, which has been
echoed by the Endocrine Society.

• Lack of sun exposure, socio-cultural prac ces,
darker pigmenta on, a diet low in calcium and
high in phytates and oxalates which depletes
vitamin D, absence of for ﬁca on with vitamin
D, gene c factors such as increased 25(OH)D24-hydroxylase, which degrades 25(OH)D to
inac ve metabolites, geographical loca on of
various places in the country (India extends
from 8 to 38 degrees north la tude) and
environmental pollu on are some reasons
proposed for vitamin D deﬁciency in Indian
children.
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Dear Doctor,
Globally, it is estimated that approximately 1 billion people are Vitamin D decient and nearly
50% of the global population is affected by Vitamin D insufciency with the largest prevalence
at the paediatric age. Prior observational studies have provided evidence that stunting is
associated with sub-optimal Vitamin D status among children. Nearly 155 million children
younger than 5 years of age had stunting in 2016.Vitamin D deciency may also result in low
mineral density in childhood, which may subsequently result in osteoporosis in adulthood.
Investigators have explored Vitamin d supplementation as an intervention to prevent and
mitigate childhood stunting. Proper nutrition throughout infancy and early childhood is not only
vital for optimal growtrh and development but also helps in laying the foundation for a child's
future health.
It is indeed a pleasure to present to you this QMR issue by Dr. Rojo Joy, renowned
Paediatrician. In this issue he is enlightening us on “Stunted Growth in Kids: Role of Vitamin D".
I signoff by once again reminding you to continue sending your comments and suggestion
regarding the QMR. Do write to me at rahul.badwaik@raptakos.com with your write ups, notes
or tidbits on various topics of interest that can make for informative and interesting reading.
Dr. Rahul Badwaik
Vice President - Medical
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