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Vitamin D and calcium are essential nutrients for bone hedlt to achieve peak
bone mass and to preserve bone as age advances. A deciency inthese

nutrients casts a long shadow in later life in the form of shtfong latency

diseases—rickets/osteomalacia/osteoporosis. There is@nt review available about the
trend of these nutrients in India. For over past half a centyyrthe intake of dietary calcium,
milk, milk products, and cereals has declined drasticallynithe background of upward

revision of RDA/RDI in modern India. This is attributed to @mging lifestyle, inadequate
milk consumption across various socio-economic strata, ad shift in dietary intake from
cereals to rice and wheat. There is a clear rural-urban divedn consumption of milk, milk
products and cereals, a change in dietary habits which magfy the calcium and vitamin
D de ciency. Revisiting of RDA guidelines for calcium alongith public health measures
is required to tackle the morbidity arising due to the de ciacy in these nutrients. Any
measure to addresses this issue in isolation, without achiéng the desired bene ts, is
a disservice to the population. Population based educatioal strategies, government
measures, leveraging technology, adequate sun exposure ahfood forti cation help in

tackling the twin nutrient de ciencies in this diverse coutry.

Keywords: modern India, calcium and vitamin D de ciency, twin nutrient de ciency, tribal-rural-urban, nutrition

time trends, RDA, RDI, strategies

INTRODUCTION

Calcium and vitamin D are essential complementary nutrieotslione health. Withdrawal of a
key nutrient (cause) and the occurrence of a disease (e est)lts in nutritional de ciency disease.
Tackling of short-latency diseases like beriberi, pellagckets and scurvy were early successes
of nutritional science. Osteoporosis is the index diseasedtrium and is a long latency disease.
To realize the full genetic potential of formation of skeletass, adequate calcium is required
for growth. To maintain the skeletal mass attained, adegjeaicium intake is required to o set
the natural ongoing loss. It has been noted explicitly by NaloAcademy of Sciences that a
diet containing< 50 mg calcium/100 Kcal results in osteoporogis3). The recommended intake
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for maintenance is approximately three times this valligZ). lactating mothers and atmospheric pollution leading to vitami
Bone cannot be demineralized rapidly, even with zero calciur® de ciency remain the commonest cause. There are recent
intakes. At slower rates of bone loss, it may take 30 years &vidences of dietary calcium de ciency-rickets developing
produce severe depletion manifesting as fragility fractuteis.  children with low calcium intakes. The dietary intake of@am
evident from studies of Chapuy et af) @nd Dawson-Hughes$j is 1/3-1/2 the DRI for children in most of these developing
that older individuals supplemented with calcium and vitamincountries (L1).
D were protected against non-vertebral fractures by 35-5%4%0 a  The same fundamental physiological mechanisms operate for
age-related bone loss. In the treatment of age related bus® | Rickets/Osteomalacia (short latency diseases) and ostedporos
and post-menopausal osteoporosis, vitamin D and calcium fornflong latency disease), although at dierent levels. When
an integral part of therapy. Without the mineral and Vitamin D, there is vitamin D de ciency and dietary calcium depletion—
any anti-resorptive or anabolic agent will not have the degir rickets/osteomalacia occurs. Thus, calcium and vitamin D
e ect of increasing the bone mineral density (BMD§)( The de ciency diseases constitute examples of short and longdsite
secondary hyperparathyroidism (SHPT), an accompaniment adiseases 1¢). The dietary requirements of these nutrients
low dietary calcium intake (apart from maintaining normal are pegged to the prevention of the index diseases namely
serum calcium by leashing the bone), is also associatedhigth  osteoporosis and rickets/osteomalacia. Rickets/osteoraalaci
intracellular calcium ion concentrations), is a qualitative defect of bone resulting from inadequate
Low calcium intake also results in various non-skeletamineralization of the bone. Osteoporosis is a quantitativiede
diseases. This increased intracellular concentrationatdiem  of bone when excess bone is lost (or inadequate bone formed).
switches the adipocytes from lipolytic mode to liposynthetic
mode and in some, hypertension. Fujita and Palmieg) (
coined “calcium paradox diseases; common in old age as-Nutrition Status in India: A Historical

arteriosclerosis, hypertension, diabetes mellitus, degéue Perspective Since Independence
joint diseases, neurodegenerative diseases, and matigriine  |n the late nineteenth and early twentieth century, morertha
expression of calcium paradox diseases requires (a) Lowylietagoo of children living in United States and cities of Europe
calcium intake (b) Increased intracellular concentratiofi 0 had growth deformities and features of rickets3( During
calcium ion (impaired ability to pump calcium ions out of the these centuries, the western world went through the indabtr
cells), and (c) An environmental trigger—e.g., high satike for  reyolution, while India was a ected by growing poverty and
hypertension §). famine. When India became independent in 1947, even two
Rickets (or osteomalacia) is the index disease for vitamin Dsquare meals were not available for millions of householtis. T
Par tt (9) de ned 3 stages of “hypovitaminosis D osteopathy.”availability of cereals became an important goal to be aekiev
Stage 1—calcium malabsorption without histological changepy the country. With this background, we now analyze the

(results in osteoporosis), stage 2—calcium malabsorptiofutritional status of India since its independence.
(osteoporosis) with wide osteoid seams (early osteomalacia)

without clinical laboratory features indicative of ostealawcia,

stage 3—severe vitamin D depletion with both clinical an . .
histological rickets or osteomalacia. Hence, mild to mader dNUTRITION TRENDS—INDIA (1975 2017)
vitamin D de ciency is expressed solely as osteoporosis, n@alcium

rickets or osteomalacia. National Nutrition Monitoring Bureau (NNMB) provides data
SHPT is an inevitable consequence of vitamin D de ciencyyn nutritional status (based on households[HH]) of ruralip!

referred to as hypovitaminosis D osteopathy stage-1 (HVO-&nd urban populations in 10 out of 32 Indian states and union

or preosteomalacia). There is increase in osteoid surfage. Tterritories from 1975 to 2017 and their time trends over the

osteoid thickness is usualiy12.5mm. There is no relationship period of time.

between osteoid surface and osteoid thickness in normal

subjects and patients with osteoporosis. With the progressio

; TRy
of osteomalacia, the osteoid thickness 3s12.5mm and ﬁural Survey (Figures 1A-H)

. L T . . Trends over time of dietary calcium intake (g/CU/day) (grams
mineralization lag time i$ 100 days or in nity. In osteoporosis, . . .
per consumption unit per day) (pooled) shows a decline

the osteoid thickness is normal and the mineralization liaget from 606 (1975-79) (RDA400) to 433 in year 2011-2012

e e o e e e DA 600)Fiur 14, The media ik was 331 Uy
P y he percentage of HH with calcium intake ©f70% of RDA

negat_lvely W'th.adjl.JSteq mlneral_apposmon re_tte (ALAR). Theranged from 20 to 48% in di erent states (regions). The intake
osteoid maturation time is normal in osteoporosis, but proledg

in osteomalacia. The osteoblast defect is in the matrix "r1n1|IEI;< ?1n9d7r571_|ll7<9[3)r:)0dSgtz(gﬁgﬂaﬁ(ggg%gs;/eesdleglgegg;om

osteoporosis. In osteomalacia, it is in the minefil)( ; : 4
In the tropical and subtropical regions of the world, intake of cereals and millets (g/CU/day) (pooled) declinedrfro

nutritional rickets remains a public health problem in many

deveIODing countries (eSPECia”y among infants, young obiid Lhttp://nnmbindia.org/l_NNMB_Third_Repeat_Rural_Survey_ecfinicl_
adolescents). Overcrowding, lack of sunlight exposure afeport 26.pdf (accessed January 1, 2019).

Frontiers in Endocrinology | www.frontiersin.org 2 August 2019 | Volume 10 | Article 493


http://nnmbindia.org/1_NNMB_Third_Repeat_Rural_Survey___Technicl_Report_26.pdf
http://nnmbindia.org/1_NNMB_Third_Repeat_Rural_Survey___Technicl_Report_26.pdf
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Harinarayan and Akhila

Modern India - Twin Nutrient De ciency

POOLED \\\\\\\\\\%&\\\\}"\\\\\\\\\\\\\\\\\\&\\\\\&\\\\k\‘\\\\\\\\\\\\\\“&\\\\\\\&\\&\%
1 1 1 1 1
ORISSA
G U RAT T
i 1 1 < l 3 J
Y
MAHARAST } ; 3 —
ANDHRA ‘&(\%&”\\\\\\‘fm\\‘&\&\\\
A RN AT
|8 3 1. 1 4 i | | J
TAMIL NADU [\\\\\\\\\\\\\\\\\}\\\\\\\‘&\\\\\\S\}\\\S\.\\\\\\%\\m\f\\m&\\\\\\u\\\‘x{\\x\\&x3
KERALA SIS %\\(\\\\\\\\\\\\\\\\\\\\\\\\\\\’\\\\\\\\\\\\\\\\\\‘\\\x\‘k\\\}\\\\'\\\\\\\\\\\\ﬁi\\\f\‘
i 1 1 1 1 2 ')
0 100 200 300 400 500 600 700 800 900 1000
CALCIUM (g/CU/day)
- 2011-12 5 1996-97 00 1988-90 ©1975-79 A
100% ~
90% 1 I
29.6
80%
45.6
70%
60% -
21.3 .
é 50% - §\\\\\\\ M
17.9 I\
o - a .
\
3 65.4 ;\&\
30% 4305 2 60.7 b—
2 48.8
Sk 53 442 45.8 _ 44.2
3 i 37.7 : 40.2 o
- 32.3 31.7
10% +— ;O
0% T T T it T T T \
KERALA TAMIL KARNAT ANDHRA MAHARAST GUIJRAT MADHYA ORISSA WEST UTTRA POOLED
NADU PRADESH BENGAL PRADESH
0<S0 % RDA N50-70RDA m>70 %RDA l B

FIGURE 1 | Continued

Frontiers in Endocrinology | www.frontiersin.org

August 2019 | Volume 10 | Article 493



https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Harinarayan and Akhila Modern India - Twin Nutrient De ciency

POOLED

ORISSA

GUIRAT

MAHARAST

ANDHRA

KARNAT

TAMILNADU

KERALA

0 20 40 60 80 100 120 140 160 180 200
g/Cu/Day

® 2011-12 (@ 199697 0O 198890 @ 1975-79 Cc

100% -

90% -

35.8
80%

70%

50%

RDA

40%

75.9 s S

_ v , 0 5 5 72.2 4 ’ 69.9 -‘“'9

30% +— 60.6 9 o5 5 ? A s
R 53.1 230 ; 5 :

. | ol ae | , , -
o8 ’ 36.5 3 %% vy % v : ¢

KERALA  TAMIL  KARNAT ANDHRA MAHARAST GUIJRAT MADHYA ORISSA  WEST  UTTRA  POOLED
NADU PRADESH BENGAL PRADESH

D<SO% RDA NSO-70% RDA W >70 % RDA D

FIGURE 1 | Continued

Frontiers in Endocrinology | www.frontiersin.org 4 August 2019 | Volume 10 | Article 493


https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Harinarayan and Akhila

Modern India - Twin Nutrient De ciency

POOLED

ORISSA

GUIRAT

MAHARAST

ANDHRA

KARNAT

TAMIL NADU

KERALA

- e
o 100 200 300 400 500 600 700 800
g/Cu/Day
m 2011-12 @ 1996-97 0O 198890 ®m 1975-79 E
100%
90% ‘]
30.7
80% - 42.2
70% 58.4
64.9
735 70.6
4 784
87.4
<
o o
3 g
Q
4 26.1
§ 27.4 20.6
163 21.8 61
§ § 10.7 &\\
KERALA TAMIL KARNAT ANDHRA MAHARAST GUJRAT MADHYA ORISSA WEST UTTRA POOLED
NADU PRADESH BENGAL PRADESH
D<S0% RDA 50-70% RDA W>70 % RDA F

FIGURE 1 | Continued

Frontiers in Endocrinology | www.frontiersin.org

August 2019 | Volume 10 | Article 493


https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Harinarayan and Akhila

Modern India - Twin Nutrient De ciency

600 120
500
s r SO =
Z 400 (=]
o o~
- <.
o
v Oooees <
3 - i =
= - o
= =
b4 B
~ =
S =
5 =
S 200 A =
=
100
o
&
5\
v &
N
X
m—— MILK & M.PRODUCTS 1975-79 CIMILK & M.PRODUCTS 1988-90 E=EDMILK & M.PRODUCTS 1996-97
SSSOYMILK & M.PRODUCTS 2011-12 --m-- CEREALS & MILLETS 1975-79 —a- - CEREALS & MILLETS 1988-90
- @ - CEREALS & MILLETS 1996-97 «- @+ CEREALS & MILLETS 2011-12 LiG
e e o —
z E 1996-97
C— —— —
Y o 1988-90
A= | [ S
=  1975.79
yE— I
3 201112
—] ===~ |
% 1996-97
e ——————— ) ————————|
¥ 198890
T 97570  ————
" | A
« 8 201112
X8 199697 )
= & 1988-90
: ) [ T
= 197579
2011-12 __
> S
3 199697
1988.00  p—
Y
1975-79
@ 2011-12 m
§ 1996-97
e I-______________|
& 1988-90
I I D —
® » 201112 |
I o T R
2 Y 199697 H
= T (A P TR
g = 198890 |
) C—— C— ] D
1975-79
0 20 40 60 80 100 120
FIGURE 1 | Continued

Frontiers in Endocrinology | www.frontiersin.org 6

August 2019 | Volume 10 | Article 493


https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Harinarayan and Akhila Modern India - Twin Nutrient De ciency

FIGURE 1 | Rural survey.(A) Average consumption of calcium (g/CU/day): Time trends. Kaataka had recorded a fall of about 50% calcium intake from 946
(1975-79; RDA 400) to 493 (2011-12; RDA 600), Andhra Pradesh 565 (1975-79) to 388 (2011-12) and Mahashtra 512 (1975-79) to 297 (2011-12) g/CU/day.
(B) Distribution percentage of households according to dailyntake of calcium (RDA 600) as percent of RDA (Pooled). Only 37% of households (HHaé daily intake
of calcium>70% of RDA and 44%< 50% RDA (Pooled). The proportion of HH with calcium intake of 50% RDA was the highest in Maharashtra (65.4%) and lowest
in Tamil Nadu and Gujarat (32% each)C) Average consumption of milk and milk products (g/CU/Day): Timtrends. (D) Distribution percentage of households
according to daily intake of milk and milk products as percenof RDI (150) (Pooled). Only 24% of HH have daily intake of food rich in calcium of 70% RDI. Majority
of HH (65%) have intake< 50% of RDI. The percentage of HH with intake> 70% of RDI are Tamil Nadu (54%) and Guijarat (485%). Major proportion of HH with
intake < 50 of RDI are Orissa (92%), West Bengal (84.2%), Maharasht(@%), Madhya Pradesh (72%), Uttar Pradesh (70%), and Kartaka (63%).(E) Average
consumption of cereals and millets (g/CU/Day; RDI460): Time trends There has been a decline in intake of ceresahnd millets in past four decades with a median
decrease—Karnataka (262 g), Andhra Pradesh (167 g), Mahashtra (183 g) and Tamil Nadu (142 g) and the lowest in Keralag$). (F) Distribution percentage of
households according to daily intake of cereals and milletas percent of RDI. Majority of HH (65%) had daily intake of cests and millets>70% of RDI and 10% HH
had intake of<50 of RDI (Pooled)(G) Average consumption of foods in different age groups—Timeénds. (H) Average household intake of food stuffs as percentage
of RDA: Time trends. Maharast-Maharashtra; Andhra—Andhr@radesh; Karnat-Karnataka. Source: National Nutrition Matoring Bureau—Technical report No
26-third report on rural surve§/.

505 (1975-1979) to 368 (2011-2012) (RBEO) Figures 1E,.  millets were the main source of calcium in rural and tribal HH

The median cereal and millet intake is 375 g/CU/day. the urban HH received calcium from milk and milk products
Across dierent age groups (infants, children, adults,(Figure 38123

pregnant, and lactating women) there has been a decline (from The National Sample Survey Organization (NSSO) conducts

1975-1979 to 2011-2012) in intake of calcidfig(re 13, milk  quinquennial surveys on monthly per capita food consumption

and milk products, and cerealBigure 1H). at state and national level across all rural and urban housisho
) ) ) The survey covers all states and union territories. It pregidata
Tribal Survey (Figures 2A-H) on consumption expenditure of food and non-food items, and

The trend over time of dietary calcium intake (g/CU/day) food security at the household level. The information acttel
(pooled) over past two decades shows a decline from 394 (1998uring NSS 68th Round (2011-2012) is spread across the whole
1999) to 315 (2007-2008) (RDA 40@)dure 2A). The median  country, involving 83,935 urban and 119,378 rural HH (inxinb
daily intake of calcium was 315 CU/day. The trends of intakey 469 rural and 5,268 urban blocks surveyet¥)(The major
of milk and milk products (g/CU/day) (pooled) shows a changelimitation of this data is that is collected through singhégrview,
from 18 (1998-1999) to 21 (2007-2008) (RDI 158y¢re 2C).  with a reference period of 30 days of consumption expenditure
The trends of intake of cereals and millets (g/CU/day)and provides no critical insight onto intrafamilial distrition of
(pooled) declined marginally from 469 (1998-1999) to 41900d consumption of individualsi(5).
(2007-2008) (RDI460) (Figure 26). Across dierent age In both urban and rural areas, cereals form the main portion of
groups, there has been low dietary calcium intake below thgiet followed by milk and fruits. Between 1987—-1988 and 2009—
recommended RDA, and further decline compared to the yeargp10 (NSSO 66th Round), the share of food in total consumer
1985-1987, 1998-1999, and 2007-20Bigufe 2G). Similar  expenditure has fallen from 56 to 47% in urban and 64 to 54%
trend was seen in intake of milk and milk productigure 2H).  in rural areas {6). The share of consumer expenditure of milk
and milk products has declined from 9.5 to 7.8% in urban areas.

- 3
Urban Survey (Figures 3A,B ) _ But it is unchanged at 8.6% in rural areas. In the same period,
The major portion of diet of the urban population was formed ,ore has been a fall in the share of consumer expenditure on

by cereals and millets (320 g/CU/day) which was lower thaRereals in rural (26-16%) and urban (15-9%) India, indicating

the RDA. Intake of milk and milk products were lower than 5 gecling in cereal intake in the last three decades despite th
RDI. About 67% of HH met the RDA requirement of calcium. ample availability.

Preschool children consumirgp0% of RDA of calcium ranged Cereals contribute to 57% (rural) and 47% (urban) of energy

from 2 to 93%. . .intake. There was a progressive fall of cereal intake with
From the NNMB data (1981-2011), there was a decline ifiging monthly per capita expenditure (MPCE). The cereal

_dietary intake of calcium both in rural and tribal popglation consumption in rural subjects is 70% in the bottom 5% of the
in the past four and a half decades. The average HH intake opulation, with a progressive fall to 42% in the top 5% of the

calcium as a percentage of RDA is 67% in urban (year 2017)qlation, as ranked by MPCE. In the urban population, it
108%n rural (year 2012) and 78.8% in tribal (year 2008)esuib] s 6994 in bottom 5% of the population to 29% in top 5% of
(Figure 3A)12:3 The distribution of HH consumption of milk  ,a population (NSSO 68th Round).4). People in the lowest
and milk products were 81.3, 63, and 14% for urban, rural, angycome group were consuming greater quantities of cereals
tribal population surveyed. The major source of calcium Waespite spending a smaller portion of their income, because

through cereals and millets (70, 80, and 91% of urban, raral, e reas were supplied through public distribution system (PDS).
tribal population, respectively)Hgure 38). While cereals and g ryra| population has changed the consumption pattern to

— . rice and wheat as staple cereal. Coarse cereals (Ragi, maize,
2http://nnmbindia.org/NNMBTribalReport.pdf (accessed JanuargQ,9). Jowar. and bajra) which are rich in micronutrients are not
Shttp://ninindia.org/NNMB%20Urban%20Nutrition%20surveg@9620report- L ! . . S
Finalo62025-09-2017.pdf (accessed January 1, 2019). being consumed in substantial quantities. The decline ireaer
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FIGURE 2 | Tribal survey.(A) Average household intake of calcium (g/CU/day; RDA400): Time trends.(B) Distribution percentage of households according to daily
intake of calcium as percent of RDA. Only 37% of HH had dietargalcium intake of>70% of RDA and nearly 43% of HH had intake< 50 of RDA (Pooled). The
calcium intake was less than RDA (400) in all states, except Orissa. In Orissa, 63.5% of HH consume> 70% of RDA of calcium (450 CU/day), followed by Guijarat
(45%), and Karnataka (40%)(C) Average household consumption of milk and milk products (g/0O/day; RDI 150): Time trends.(D) Distribution percentage of
households according to daily intake of milk and milk produts as percent of RDI. The intake was the lowest in Orissa (0.9 irdnd the highest in Gujarat (63 ml). In all
states 80-100% (mean 91.6%) of the HH, the intake of milk and itk products was <50% of RDI. (E) Average household consumption of cereals and millets
(g/CU/day): Time trends. The highest intake was in West Beng#10) and lowest in Kerala (330) (year 2007—2008(F) Distribution percentage of households
according to daily intake of cereals and millets as percentfdRDI (460). Majority of HH (79%) had intake of 70% of RDA and only 4% of HH had intake ok 50 % of
RDI (Pooled)(G) Average intake of calcium (g/CU/per day) in various age group3ime trends. (H) Average intake of milk and milk products, and cereals and nigts
(g/CUl/per day) in various age groups: Time trends. The intakef cereals and millets were> 70% of RDI in majority of HH but still showed a decline compaxto
previous years (by 50 g). Source: National Nutrition Monitimg Bureau—Technical report No 25—Tribal surv@y

consumption among middle and high income groups has beei@3% (1995) to 65% (2016). With modernization and advent of
mainly due diet diversi cation in these groups consumingtfas machinery, agriculture became less labor intensive |egpidiriall

foods Figure 30%. in day-to-day in energy expenditure. Employment in agricugtur
_ fell from 61% (1995) to 43% (2016)4). India's modernization
Other Studies includes sharp changes in lifestyle with long indoor workin

Studies from South Indian subjects (rural, urban andhours and changes in diet of erstwhile rural people with
metropolitan) (2015) showed signicantly lower dietary consumption of fast foods. With mechanization of agriculture
calcium @ < 0.0001) in rural subjects (269 2), urban (308 |ess time is spentunder the sun. Prolonged indoor workingrspu

2.3), and metropolitan subjects (526 8) (mg/day; Mean modernization in culture and life-style leading to change in
SEM) (RDA 600) (L7). The rural subjects had the highest intake clothing habits, sun shy nature, and use of sunscreens wtheti
of cereals and lowest intake of milk and milk products. TheSpPF are some of the factors causing hypovitaminosis D in India
urban and metropolitan subjects had similar intake of ceseal  The production of cereals and milk has gone up from 85
milk and milk products Figure 3D) (17). There are similar (1995) to 123 (2016) and 68 (1995) to 164 (2016), respectively
reports documented by other workers of low dietary calciumyProduction indices 2004—20a8 100). India is the largest milk
intake in adolescentl(’) and post-menopausal womea&-20).  producer in the world. About 80% of the milk production comes
Interestingly, a study of migrant workers in metropolitarties  from small farmers (rural areas§, 27)°. Yet, the per capita
had higher dietary calcium intake much above the RDA €2).  monthly expenditure for consumption of milk and milk products

. . in rural is Rs. 116 and urban area is Rs. 187§
Vitamin D Thus, the new nutrition problem began to emerge in India-
The rst ever documentation of low 25 Hydroxy vitamin the problem of over-consumption and obesity. All this occuire
D[25(0OH)D] levels in India were on control population studied in a single generation and constituted the dual burden—
in a cohort of patients with primary hyperparathyroidisra3).  persistent undernutrition alongside emerging over nutiti—
Later other reports ensued. According to the study from India*The Nutrition Transition” (15. Hence, the reduction in
(24), about 85% of Indian population is su ering from various undernutrition was matched by over nutrition and the norrhal
degrees of vitamin D de ciency. The 25(0OH)D concentrationsnourished (60%) remained unchanged.
in subjects residing in north India are relatively lower coaned

to subjects in south India, with an inverse correlation WithChanging Adequacy Ranges—RDA of Calcium and
latitude ¢ D 0.48;P < 0.0001) Figures4A,B, probably \sitamin D (Figures 5A,B )

because of equatorial closeness (zenith andiB) (n a vitro  the RpA of calcium in India has been reviséB£30)® but, is still
study conducted at south India (Tirupati, Latitude 13°N) to lower than the revised RDA of USA and Canada)( Similarly,

study the synthesis of previtamin-sin an experimental model, he RpA of vitamin D of USA and Canada has been revigai(
it was shown that ve times more previtamingand vitamin Ds  yhjje |ndias remains the sam@¢-30). Figure 5B summarizes
formed atnoonand 1 pm compared 9 to 10 a.ffigure 40 (29).  \jitamin D status according to di erent advisory bodie&9-

. . 31)8. The normal range of 25(OH)D concentrations to de ne
Modern India: Problem of Nutrition vitamin D de ciency and su ciency has undergone a change
Inadequacy from population based reference range to health based referenc
India is a fastest growing economy which is self-su cient in range 33-36). The Endocrine Society guide lines are aimed at
food production. The total population of India 960.5 million in clinical care perspective. The IOM recommendations are tic
1995 went up to 1339.2 million in 20166). As cities developed at population health.

and enabled employment opportunities (urban migration,
newer regions recorded as urban in census) and urban slums

f https://www.worldatlas.com/articles/top-cows-milk-producing- otties-in-
mushroomed, the percentage of rural population slumped from, .° ~ "\ (accessed December 29, 2018)

Shttps://www.nddb.coop/sites/default/ les/pdfs/merged_dotent9-10.pdf
4http://mospi.nic.in/sites/default/ les/publication_reports/8etedSocio- (accessed December 29, 2018).
EconomicStatisticsIindia2017_27oct17.pdf (accessed Dec@hh2018). Thttps://www.ncbi.nlm.nih.gov/books/NBK56070/ (accesseidry 1, 2019).
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FIGURE 3 | Continued
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FIGURE 3 | (A) Distribution of average house hold intake of nutrients as peentage of RDA in urban, rural and tribal survey<B) Distribution of average house hold
consumption of food stuffs as percent of RDI in urban, ruraland tribal surveys. Vit A, vitamin A; Vit C, vitamin C; GLV, €en Leafy Vegetables; Other veg, other
vegetables. (C) Percent distribution of total consumption per person for a priod of 30 days urban, rural and tribal surveys—time trendgD) Dietary pattern
(percentage of total energy intake) of rural, urban, and megpolitan city subjects. Carbo, carbohydrates; Prot, pratins; Veg, vegetables; Milk and prod, milk and milk
products. Source: (A,B) National Nutrition Monitoring Bureau—Technical report N&5,26,27—Tribal, rural and urban surve§/'2'3. (C) Socioeconomic statistics
ministry of statistics 20172, (D) Adapted from Harinarayan and Ramalakshmil(7). Sources of Calciun® (mg/100 gm edible portion): Milk and milk products
(120-210)—Buffalo's and cow's milk—curd; about 790-1,370mg in cheese, paneer, Khoa, skimmed milk; Cereals and Leguns(200—-340)-Ragi(Eleusine coracana)
whole Bengalgram(Cicer arietinumjand horsegram (Macrotyloma uni orum), rajmah (Cicer Arietinum)and soya bean (Glycine max) Green leafy vegetables
(500-800)—Amaranth, cauli ower greengBrassica oleracea)curry leaves(Murraya koenigii)knol-khol leaves(Brassica oleracea var. gongylodes)Nuts and oil
seeds-Coconut dry, almonds, hazel nuts, mustardBrassica) sun ower (130-490), gingelly(Sesame),and cumin seeds(Sesamum indicum)(1,080-1,450).Sources
of Vitamin D:Sunlight- UVB radiation, Cod liver oil, salmon sh, MackerelSardines, Tuna, Egg yolk, Mushrooms (if exposed to sunliglor UV radiation).

Interaction of De ciencies of Calcium and Vitamin D dietary calcium supply and low vitamin D status causing calcium
India is a diverse country with diverse cultural and dietarydeprivation leads to SHPT. Though this SHPT maintains the
habits. The dressing and dietary habits vary between di erenserum calcium, sustained SHPT causes structural damaga bo
regions and di erent socioeconomic classes. Indians conteun and leads to hypophosphatemia (causing rickets/osteomalacia)
the skin class category V (dark skin). With modernizationin India, the dietary calcium plus vitamin D de ciency leads t
and mechanization of lifestyle, the indoor working hourssha rickets and/or osteomalacia in children and adolescentadinits
increased, limiting sun exposure, and dierent dress codethey lead to osteomalacia.
in dierent regions of the country and population sects, Invitamin D de cient states, the intestinal calcium absagut
increasing pollution, and increased usage of skin creamB witreduces to 10-15%. In vitamin D su cient states, there is 3043
SPF (Skin protection factod 15 could account for the vitamin calcium absorption45).
D de ciency.

The dietary calcium de ciency (with declining dietary caio
intake in India) (Figures +4) can lead on to secondary Magnitude of the Problem
hyperparathyroidism (SHPT). This SHPT leads to increaseg}, e |argest and longest study reported from India (1963—
conversion of 25(CH)D to 1,25—d|hydroxyy|tam|n D, therelOy2005) ¢6), 52% of the population studied had nutritional
reducing the serum 250HD concentrations3&41). The one gisease. Osteomalacia (35.3%) and rickets (7.6%) caused
phosphaturic action of SHPT leads to low serum phosphorougy, \iiamin D de ciency due to inadequate sunlight exposure,
and inadequate calcium phosphate ratio, resulting in rickets dietary calcium de ciency< 300 mg/day) induced osteoporosis,

children and osteomalacia in adults. o _ _ vitamin D and calcium de ciency induced osteoporosis were the
Studies from north India have shown vitamin D su ciency in- commonest disorders, besides uoride interaction syndesm

young adults and outdoor workers with a dietary calcium kd#a Of the total population studies, about 40.6% had dietary

of 625 273 mg/day and 405 269 mg/day 1, 22, 42). calcium de ciency in critical years of growth. There are
Studies from agricultural laborers in south India had 250HDmany reports of osteomalacia in adults from cross sectional

concentrations of 23ng/ml with dietary calcium 269 2 ;
. . ! < studies {6-49).
(mg/day; Mean SEM) @4). The main source of dietary calcium  jiamin D de ciency can lead to low bone mass rickets in

in tribal, rural and semi urban areas are cereals and thesgijren and osteomalacia in adults. Vitamin D and calcium
contain Phytates, which retard the absorption of calciui® ¢4). 4o ciency may lead to osteoporosis. In both the scenarioggethe

Thus, the bioavailable calcium is far less than the RDA. With jncreased risk of fractures. Compared to the Caucasiatigin
modernization leading to reduced cereal intakéglre 3), and st where osteoporotic fractures occur mostly in femates, i
change of diet from coarse cereals to rice and wheat, thamiet |,qi5 it occurs in both females and males, with most fraetur
cglcmm de ciency is further exagg_erated. Intake OT milkdan among males. Also, fractures occur a decade or two earlier in
milk products are near RDA only in urban populationg4. n4ians (19). Recent studies indicate that in Indian women, the
Thus, vitamin D de ciency leads to calcium malabsorption,gyip and peak bone mass are lower than that of Caucasians
which coupled with low dietary calcium leads to SHPT. Thus 5 Based on the clinical experience and available data (agho
urbanization, lifestyle changes, and change in dietaryitab oot numbers are lacking), an estimated 25 million may be
interact with one another to magnify the calcium and vitann =, oted with osteoporosis().

de ciency. In additioln,ther.e are di erencesin fpod consu.rhm Hence, in the background of high prevalence of rickets,
pattern across regional (interstate) and socioeconomissels  ,gteomalacia and subclinical vitamin D de ciency and decline
(Figures +4) in India. in intake of calcium and low 25(OH)D levels the disease gets
ampli ed, casting long shadows in later years of life. The peak
bone mass is not reached in adulthood. There is a component of
osteomalacia in osteoporosis in Indian context.

Impact of Twin Nutrient De ciency
Calcium and phosphate are the main ions for bone sti ness
Calcitriol supplies these minerals by increasing the intedti

absorption of calcium and phosphate ingested daily. If there igtp:/minindia.org/DietaryGuidelinesforNINwebsite.pdf deessed January 1,
no oral intake of these ions, calcitriol cannot do its jobmLo 2019).
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FIGURE 4 | (A) Graph showing the inverse correlation between the 25(OH)RVels and latitude (D 0 48; p < 0.0001) from various studies conducted in the
country [Table 1 of p4)]. Adapted from Harinarayan et al.24). (B) The 25(OH)D levels of various studies from India along wittitade and location from various studies
conducted in the country [Table 1 of 24)]. Adapted from Harinarayan et al.24). (C) Graph showing percent conversion of 7-Dehydrocholesterof7-DHC) to previtamin
D3 and photoproducts, and the percentage of previtamin D3 ad vitamin D3 against time (for the study duration). The tableelow gives the individual values, mean
SD minimum and maximum of the variables [Figure 2 o§)]. Adapted from Harinarayan et al.25).
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FIGURE 5 | (A) RDA of calcium and vitamin D of India ICMR-NIN2{—29) and USA-IOM 81, 32)9. (B) Normal range of vitamin D from population based reference
values, health based reference values (IOM & Endo. Soci). ICMRdian Council of Medical Research; NIN, National institutef nutrition; IOM, Institute of Medicine;
Endo Soci, Endocrine society, USA; Al, adequate Intake; IU/dajnternational units/day; mg/day, milligram/day.

THE WAY FORWARD: STRATEGIES TO were seen early because of short latency diseases (berilderi an

COMBAT NUTRIENT DEFICIENCIES pellagra). But for calcium and vitamin D the results will bese
after a long latency.

In the background of unsatisfactory levels of the combiorati One of the easiest approaches, for a population-based strategy,

of twin nutrient de ciency of calcium and vitamin D in India, are educational programs describing the e ects of this twin
any public health measure to address the issue in isolatiop manutrient de ciency. This could involve (a) educating the ciien

not yield the desired positive bene ts for skeletal healthisT through their school curriculum and school teachers—The
problem requires to be addressed at various segments taeealprimary and secondary school curriculum can include this
the bene ts, as soon as possible, by utilizing the availableral  aspect not as a snippet, but as a complete module within the
resources and forti cation of food. Not only strategic iigtives, digital classroom sessions, every year, (b) updating mledica
but also by leveraging technology as an enabler, both urbagollege curricula pertaining to calcium and vitamin D statds o
and rural population across India can be reached. In the westhe population, (c) education of expectant and breast feeding

calcium, and vitamin D are forti ed using various strateglie mothers in the antenatal clinics and during follow up in the
post-partum period, (d) active participation of social service

Strategies That Can Be Implemented With organizations, old age homes, (e) government mandate to

Immediate Effect involve the corporate sectors as a part of CSR (Corporate social

responsibility), (f) print and electronic media to emphasize
the importance of the twin nutrients in bone health. This

Population based educational strategies help to reach é’ﬁ'ltlh I_eadl to |ntcrt(_easef|n_ aV\farenessé_almont% tgetptt’bl'ﬁl a:ﬁng
segments of the society as early as possible until forti catio V1t IMpiementation of simple remedial methods 1o tackie the

can reach everyone and are also less expensive. The experjﬂgg'em de ciency.

of Indian nutrition scientist in increasing the availalyliof rice

(which is not milled and polished) to lower socio-economic

groups through the public distribution system (PDS) has resil  Calcium

in natural death of Beriberi. Their dietary advise, to notedp  Despite India being the largest producer of milk, the per capita
rely on Jowar (sorghum-cause of pellagra) but instead, vamgonsumption of milk and milk products is only 7.4, 15.3, 26.9,
diet by including cereals and millets has led to disappearana@nd 50.4% for very poor, poor, hon-poor and rich, respectively
of pellagra, which shows the success of educational stesteg{(53). The majority of milk production is from the rural sector and
and implementation of remedial measurés?), These triumphs they sell their produce for their livelihood.

Population Based Educational Strategies for Both the
Nutrients
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India is combating the problem of milk adulteration/dilution Targeted Forti cation
which decreases the bioavailability of nutrients. Propgutatory  People in lower socioeconomic strata procure their cereats an
mechanisms should be enforced. Strategies to improve thgaple grains from the PDS. It will be an imperative to maintain
awareness of diet diversication for lower socioeconomiche forti ed standards of calcium and vitamin D for this segmt.
population should be as follows: inclusion of balanced dig¢hwi Food supplied to schools for mid-day meal schemes should

cereal containing more calcium with less phytate content. procure fortied rice, other cereals and their products for
o preparation of their meals. Similarly, food supplied by ICDS
Vitamin D (Integrated Child Development Scheme) should use forti ed

FAO expert committee recommends an easy and physiologicalytains. In addition, supply of forti ed milk to children as a part
relevant model of acquiring vitamin D through endogenousof ICDS and mid-day meal schemes could also be considered.
synthesis, which is sun exposure of skin (face and arms) for Mon- prot organizations like ISKCON (International Societ
minimum period of 30 min (without sun screen) to mid-day sun for Krishna Consciousness), Akshaya Patra who distributg-mi
in most locations of the world, around the equator (betweerday meal to school children can get involved in using forti ed
latitudes 48 N and 42 S) (54, 55). Studies orin-vitro model of  food grains for meal preparations, distribution of forti eceady-
vitamin D synthesis{4) which showed the maximal synthesis of to-eat food to school children during their evening snadks |
Previtamin D and vitamin D Figure 4) is validated by several sattu (2-65).
other observational studies, from Chandigarhl), Delhi (56-
60), and Pune §1) suggesting the bene t of sunlight exposure Mass Forti cation
to midday sun. Sunlight exposure (UV-B) has the potential toAnother strategy to combat twin nutrient de ciency can be
increase the serum 250HD concentrations, but is limitedkig s through mass forti cation which would involve recurrent cash
damage and skin cancer. production, marketing and education costs, and other program
In schools, physical exercise should be made compulsogpeci c costs like monitoring and surveillance etc. The beog
in the curriculum. Students should be encouraged to exposfrti cation would be seen over a period of time (time to achée
themselves in sun as much as possible in lunch hour—"sunshir@mplete forti cation and because of long latency disease).
hour” (55). The e orts should be aimed at educational programs ~ As both calcium and vitamin D are essential complementary
among physicians and general public at large, updating medicaltrients for maintaining skeletal health which are de ste
curriculum regarding the bene ts of vitamin D and its e ect®10 in Indian population, there should be a government mandate
de ciency (62-66). Bioaddition of vitamin D include increasing (legislation) to fortify calcium and vitamin D.
the vitamin D content of eggs, farm sh, livestock (meat), UV  Forti cation of milk is a time tested and a validated method
exposure of mushrooms and yeast (then used for bread) are sor(@oes not require to be validated by any further studies iy an

of the methods§7). groups of population in any other region) which might address
_ the bulk of calcium and vitamin D de ciencies, but would bene
Targeted Supplementation only 35% of the population (urban). The consumption of milk

Supplementation of calcium and vitamin D in antenatal clinics(Kg/capita/annum) (2009-2010) in rural areais 51.7 and lveur
and post-partum mothers would not only bene tthe bone healtharea is 71.6. The share in monthly per capita food expenditure
of mother and child, but also reduce pre-eclampsia and ca@sarijs 14.9 and 18.4% in rural and urban areas, respectively
sections §8). There are reports of inverse association of serum\part from forti cation of milk and oil to cover all segmentsfo
25(OH)D levels and cesarean sectiod§ (Low serum 25(OH)D  population, other food items that can be forti ed includes rice
levels are also associated with increased primary C-sectiogheat, cereals and their products in addition to sugar and its
uterine atony and post-partum hemorrhag@d( 69).Similar  variants 62-65). In India, the staple foods are being forti ed with
approaches should be considered in government run sheltergitamin A and essential minerals. Itis an easy approach to fortif
old age homes, and residential communities for retired stad  them with calcium and vitamin D along with other nutrients in
the in rm. the same process.

Long Term Measures Market Driven Forti cation

Nutritionists in India have shown success in implementatimfn Ready-to-eat foods such as canned fruit juices, health drink
salt iodization program. Hence, forti cation of milk, cedsaand  health/granola bars, biscuits, to ees, sweets etc. can ieetbr
staple foods with calcium and vitamin D should be consideredwith calcium and vitamin D. This helps the corporate companies
There is a decline in intake of cereals and shift to rice ando expand their market share by targeting growing children,
wheat in Indian population. Hence, these grains, their ourdan pregnant and lactating mothers, the health conscious popariati
related products should be the targets for forti cation, ajfaom  and people recovering from chronic illness.

milk and oil, to cover the entire population. It could be mass

forti cation, targeted or market driven forti cation. Preently  Pros and Cons of Mandatory vs. Voluntary

Milk, Oils-edible oils, rice bran oils, sun ower oil, Vanagspa Forti cation

wheat our are forti ed with vitamin D—mandatory in India. Food forti cation has traditionally been implemented using a
Forti ed foods include—milk and milk variants, soya milkiges mandatory approach. However, voluntary forti cation is also
(minute maid) and biscuits with calcium and vitamin D). e ective in mature markets. The demand is mostly seen for
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branded food products with information of forti cation incided to assess the calcium and vitamin D de ciency and to predict
in the packaging. Launching forti cation through voluntary the duration of recovery helps in improving public health
approaches attracts goodwill from the local authorities anel t nutrition3. In the regions where internet is impenetrable, other
freedom to impose own prices. In a drive to increase the markeapproaches such as on-call nutritionists, call centers to answ
share through robust communication strategies, there argeh nutrition-speci ¢ queries should be leveraged as a strategy
investments required. The need to spread the awareness of tierease awareness of calcium and vitamin D de ciency amd th
health bene ts of forti ed food lies with the enterprise thapt remedial measures.

for voluntary food forti cation leading to lower cost-bereatio. Bupa Healthcare has implemented over-the-phone
The limitations are the inability to sustain the cost of praidlug  personalized nutrition coaching for their members. This has
new fortied products, huge investments in communication helped patients to eat healthier and live a healthy life&tyté
strategies to spread awareness of the bene ts from forti@atiff  HealthPhone, a project of The Mother and Child Health and
Also, as many staple foods are sold in loose and unbranddeducation Trust (MCHET), a non-prot charitable trust,
form, it is dicult to incorporate fortication logos on a founded to establish communications technologies thatl wil
product without a package. On the other hand, mandatory foocprovide health and nutrition information to and from rural
forti cation allows implementing new standards with cenllsea  low-income communities, provides a video reference library
regulated and subsidized prices with a higher cost-bendibra and guide to better health and nutrition practices. This trus
as the government mandates the forti cation. It is cost eiget has distributed mobile phones with access to this video liprar
with an immediate public health impact. However, the supplyfor families and communities, including the illiterate, toew
chain needs to be supportive for a mandatory food forti cationthe videos in their native language, distributed on mobile
and the local producers should be ready to enforce th@hones®(74).

forti cation regulations.

. . . Calcium
Role Qf Tef:hn‘)logy_'n Tackling Calcium Apart from milk and milk products, there are calcium-rich
and Vitamin D De ciency foods which are available across India. However, the adotio

Technology is an enabler for the implementation of strategiecalcium-rich foods in addition to milk is very low. Some reas

to improve public health nutrition. In this aspect, the usethat could be attributed to this cause are lack of awaremess,

of internet and mobile phones for communicating healthavailability of speci c food items in a region, and lack ofioalry
bene ts has seen a positive respongé)( Hence, the ability expertise to consume these foods.

to provide personalization is a major focus area for healtacar Through di erent means of communication to the urban
technology providers. Biosensors in smartphones are beied usand rural populations, awareness can be increased by suggestin
to assess the health outcomes and to re-calibrate the iwatrit measures which are localized for the focus region. Target
supplementation for the usef7f). Gami cation (virtual games programs for a specic region can be undertaken to include
using points as motivator) is also a proven methodology talietary calcium intake through localized culinary deliesc
improve awareness of daily nutrition intake among childréf)(  specic to the region or the cultural background of the

In India, the mobile phone penetration in mid-2017 is 57% target segment.
and the total mobile phone customer base reached 1.17 billions
by the end of the yeaP. The reach of mobile internet is estimated Vitamin D
to be 60.8% and 39.1% in urban and rural India by June ¥p18
The internet penetration in urban and rural India is 64.84%
and 20.26% as on December 2017. It is estimated only 30%
total internet users are female, indicating a huge gendpriga
digital literacy2.

While mobile apps are one of the easiest methods 03
reaching to a wide-spread population segment, other approach
include advertisements in print and social media, healtkdzh
interactive videos, and on-call nutritionists. Use of egieg
technologies, such as analytics, sensors and arti cialligence

Studies have proven the e ectiveness of mobile apps for
assessing vitamin D levels and suggesting remediationadsth

5. The assessment leverages a smart phone accessory
and a test strip which in integration with the smartphone
pp provides the test results76). However, these apps
0 not provide the nitty-gritties of the easiest remediation
fi¥ethod—sun exposure, and none of these apps are available
in India.

It is an imperative when launching an app to indicate the
optimal duration of sun exposure and the vitamin D acquired
during the exposure. Dminder app provides this, by leveraging

Shttps://thenextweb.com/contributors/2017/07/13/indiaestakes-usa-become- the GPS location of the phone weather conditions and thersola
facebooks-top-country/ (accessed January 4, 2019). L . ’
10https://economictimes.indiatimes.com/tech/internet/intetnesers-in-india- positioning at the location.

expected-to-reach-500-million-by-june-iamai/articleshow/63098.cms
(accessed January 4, 2019).

Uhttps:/www.reuters.com/article/india-telecoms- users/tainidias- B3http://www.ourbupa.co.uk/Pages/Health-coach-team.aspx eg@erl May 23,
mobile-phone-users-rise-4-97-min-to-1-17-bin-in-dec-idUSLUDE1KZ 2019).

(accessed January 4, 2019). L4https://www.bupa.com.au/dietitianhealthcoaching (acadséay 23, 2019).
https:/lyourstory.com/2018/03/mobile-internet-users-indisach-478- Lohttp://www.healthphone.org/ (accessed May 23, 2019).
million-june-2018-iamai-report/ (accessed January 4, 2019). 18http://www.healthphone.org/about.htm (accessed May 239201
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The Integrated Approach these issues by the scienti c societies and the Governmént o
The combination of increase in awareness, adoption olndia through strategic measures or through food forti aat
localized approach and the support of government for ethicabf calcium and vitamin D. Until these programs see the light of
technological use is an imperative for combating calcium andhe day, it is prudent on our part to obtain vitamin D by most
vitamin D de ciency. While mobile apps or on-call servicesinexpensive way, which is by exposure to sunlight and meeting
can be provided to understand nutritive values of food or foodthe RDA of calcium in our diet or supplementation to mineralize
products available through various channels of sale, howevehe osteoid in the most easiest wég(77, 78). It may be a golden
localized programs strategized to target a speci ¢ microaegi opportunity for school going children to expose themselves in
will need a regional expertise. sunlight and get adequate calcium in their mid-day meals to

achieve the peak bone massy
Governmental Measures

L. Revision of RDAof calcium SEARCH STRATEGY AND SELECTION

2. Price regulation of calcium and vitamin D supplements under
price control act (to be made a mandate by Iegislation)—tchITERIA
be a ordable to even lower socio economic segments of th
society—so that supplementation is a ordable and feasible

3. Supplementation of calcium and vitamin D to all pregnant an

References for this review were identi ed through searchies o
unbMed and Google scholar for articles published from January
1971 to December 2018, by using the terms “dietary Calcium

Igztaltjlll;gt]ent]r?;hfari:;Sngrggr\)//itgﬁléh;igai;tin multivitarsin Intake India,” "Vitamin D status India,” "Sunlight VitamirD
' 9 ._India,” “Forti cation of Milk India,” “RDA India, IOM, USA, and

5. Benets to corporate companies who are involved in
mandatory food forti cation, in the form of additional tax

N

”ou

Canada,” “Nutrition apps,” “technology nutrition,” “mobilapps

L vitamin D calcium,” “mobile internet India.” Article restihg

bene ts for mandatory food forti cation initiatives, relias N
from these searches and relevant references cited in thigdes

as a part of corporate social responsibility (CSR), availabilit%ere reviewed. Studies which contained both dietary caiciu

of fortied food in corporate cafeterias leading to better . o . ; -
. . . > intake and vitamin D status were taken for major considenatio
employee well-being, thereby increasing productivity

. ... except where the dietary calcium alone was given in recent
6. Support to research groups to study the impact of vitamin_ " . . .
. N . studies were taken. For data on dietary calcium intake from
supplementation and forti cation programs in all parts of . .
. 1970 till date, time trends were sourced from NIN-ICMR
the country. Support in the form of approvals for research, . . » - . .
. - : . . national Institutes of Nutrition and Indian council of Medal
projects and provide nancial assistance for a detailed stud

A . . . Research) and NFI (nutrition foundation of India) websites.
in this sector along with assessing the outcomes. Also, geovi .

. ; . Data was also sourced from National Sample Survey O ce
support to implement the ndings of the project

7. Policies for implementing ethical use of technolo to(NSSO)—Ministry of statistics and program implementation
) e P 9 ¢ . nology (MOSPI)-India, National Family Health Survey (NFHS) by
optimize channels for enhancing public health nutrition.

International Institute of population sciences (IIPS), Nau#b

dairy development board (NDDB) for data on milk consumption

CONCLUSION of India and FAO web site—Food and agricultural Organization
of the United nations.
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