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Vitamin D and calcium are essential nutrients for bone health, to achieve peak
bone mass and to preserve bone as age advances. A de�ciency in these
nutrients casts a long shadow in later life in the form of short/long latency
diseases–rickets/osteomalacia/osteoporosis. There is scant review available about the
trend of these nutrients in India. For over past half a century, the intake of dietary calcium,
milk, milk products, and cereals has declined drastically in the background of upward
revision of RDA/RDI in modern India. This is attributed to changing lifestyle, inadequate
milk consumption across various socio-economic strata, and shift in dietary intake from
cereals to rice and wheat. There is a clear rural–urban divide in consumption of milk, milk
products and cereals, a change in dietary habits which magnify the calcium and vitamin
D de�ciency. Revisiting of RDA guidelines for calcium alongwith public health measures
is required to tackle the morbidity arising due to the de�ciency in these nutrients. Any
measure to addresses this issue in isolation, without achieving the desired bene�ts, is
a disservice to the population. Population based educational strategies, government
measures, leveraging technology, adequate sun exposure and food forti�cation help in
tackling the twin nutrient de�ciencies in this diverse country.

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 nutrients for bone health. Withdrawal of a
key nutrient (cause) and the occurrence of a disease (e�ect) results in nutritional de�ciency disease.
Tackling of short-latency diseases like beriberi, pellagra, rickets and scurvy were early successes
of nutritional science. Osteoporosis is the index disease for calcium and is a long latency disease.
To realize the full genetic potential of formation of skeletal mass, adequate calcium is required
for growth. To maintain the skeletal mass attained, adequate calcium intake is required to o�set
the natural ongoing loss. It has been noted explicitly by National Academy of Sciences that a
diet containing< 50 mg calcium/100 Kcal results in osteoporosis (1–3). The recommended intake
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for maintenance is approximately three times this value (1, 2).
Bone cannot be demineralized rapidly, even with zero calcium
intakes. At slower rates of bone loss, it may take 30 years to
produce severe depletion manifesting as fragility fractures.It is
evident from studies of Chapuy et al. (4) and Dawson-Hughes (5)
that older individuals supplemented with calcium and vitamin
D were protected against non-vertebral fractures by 35–55% and
age-related bone loss. In the treatment of age related bone loss
and post-menopausal osteoporosis, vitamin D and calcium form
an integral part of therapy. Without the mineral and Vitamin D,
any anti-resorptive or anabolic agent will not have the desired
e�ect of increasing the bone mineral density (BMD) (6). The
secondary hyperparathyroidism (SHPT), an accompaniment of
low dietary calcium intake (apart from maintaining normal
serum calcium by leashing the bone), is also associated withhigh
intracellular calcium ion concentrations (7).

Low calcium intake also results in various non-skeletal
diseases. This increased intracellular concentration of calcium
switches the adipocytes from lipolytic mode to liposynthetic
mode and in some, hypertension. Fujita and Palmieri (8)
coined “calcium paradox diseases,” common in old age as—
arteriosclerosis, hypertension, diabetes mellitus, degenerative
joint diseases, neurodegenerative diseases, and malignancy. The
expression of calcium paradox diseases requires (a) Low dietary
calcium intake (b) Increased intracellular concentration of
calcium ion (impaired ability to pump calcium ions out of the
cells), and (c) An environmental trigger—e.g., high salt intake for
hypertension (8).

Rickets (or osteomalacia) is the index disease for vitamin D.
Par�tt ( 9) de�ned 3 stages of “hypovitaminosis D osteopathy.”
Stage 1—calcium malabsorption without histological changes
(results in osteoporosis), stage 2—calcium malabsorption
(osteoporosis) with wide osteoid seams (early osteomalacia)
without clinical laboratory features indicative of osteomalacia,
stage 3—severe vitamin D depletion with both clinical and
histological rickets or osteomalacia. Hence, mild to moderate
vitamin D de�ciency is expressed solely as osteoporosis, not
rickets or osteomalacia.

SHPT is an inevitable consequence of vitamin D de�ciency
referred to as hypovitaminosis D osteopathy stage-1 (HVO-1
or preosteomalacia). There is increase in osteoid surface. The
osteoid thickness is usually< 12.5mm. There is no relationship
between osteoid surface and osteoid thickness in normal
subjects and patients with osteoporosis. With the progression
of osteomalacia, the osteoid thickness is> 12.5mm and
mineralization lag time is> 100 days or in�nity. In osteoporosis,
the osteoid thickness is normal and the mineralization lag time
is < 100 days. In osteomalacia, the osteoid thickness correlates
with osteoid and total bone surfaces (OS/BS) positively and
negatively with adjusted mineral apposition rate (Aj.AR). The
osteoid maturation time is normal in osteoporosis, but prolonged
in osteomalacia. The osteoblast defect is in the matrix in
osteoporosis. In osteomalacia, it is in the mineral (10).

In the tropical and subtropical regions of the world,
nutritional rickets remains a public health problem in many
developing countries (especially among infants, young children
adolescents). Overcrowding, lack of sunlight exposure of

lactating mothers and atmospheric pollution leading to vitamin
D de�ciency remain the commonest cause. There are recent
evidences of dietary calcium de�ciency-rickets developingin
children with low calcium intakes. The dietary intake of calcium
is � 1/3–1/2 the DRI for children in most of these developing
countries (11).

The same fundamental physiological mechanisms operate for
Rickets/Osteomalacia (short latency diseases) and osteoporosis
(long latency disease), although at di�erent levels. When
there is vitamin D de�ciency and dietary calcium depletion–
rickets/osteomalacia occurs. Thus, calcium and vitamin D
de�ciency diseases constitute examples of short and long latency
diseases (12). The dietary requirements of these nutrients
are pegged to the prevention of the index diseases namely
osteoporosis and rickets/osteomalacia. Rickets/osteomalacia
is a qualitative defect of bone resulting from inadequate
mineralization of the bone. Osteoporosis is a quantitative defect
of bone when excess bone is lost (or inadequate bone formed).

Nutrition Status in India: A Historical
Perspective Since Independence
In the late nineteenth and early twentieth century, more than
80% of children living in United States and cities of Europe
had growth deformities and features of rickets (13). During
these centuries, the western world went through the industrial
revolution, while India was a�ected by growing poverty and
famine. When India became independent in 1947, even two
square meals were not available for millions of households. The
availability of cereals became an important goal to be achieved
by the country. With this background, we now analyze the
nutritional status of India since its independence.

NUTRITION TRENDS—INDIA (1975–2017)

Calcium
National Nutrition Monitoring Bureau (NNMB) provides data
on nutritional status (based on households[HH]) of rural, tribal
and urban populations in 10 out of 32 Indian states and union
territories from 1975 to 2017 and their time trends over the
period of time.

Rural Survey (Figures 1A–H )1

Trends over time of dietary calcium intake (g/CU/day) (grams
per consumption unit per day) (pooled) shows a decline
from 606 (1975–79) (RDA� 400) to 433 in year 2011–2012
(RDA� 600) (Figure 1A). The median intake was 331 g/CU/day.
The percentage of HH with calcium intake of> 70% of RDA
ranged from 20 to 48% in di�erent states (regions). The intakeof
milk and milk products (g/CU/day) (pooled) have declined from
116 (1975–79) to 95 (2011–12) (RDI� 150) (Figures 1B,C). The
intake of cereals and millets (g/CU/day) (pooled) declined from

1http://nnmbindia.org/1_NNMB_Third_Repeat_Rural_Survey___Technicl_
Report_26.pdf (accessed January 1, 2019).
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FIGURE 1 | Rural survey.(A) Average consumption of calcium (g/CU/day): Time trends. Karnataka 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 Maharashtra 512 (1975–79) to 297 (2011–12) g/CU/day.
(B) Distribution percentage of households according to daily intake of calcium (RDA� 600) as percent of RDA (Pooled). Only 37% of households (HH) had 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): Time trends. (D) Distribution percentage of households
according to daily intake of milk and milk products as percent of RDI (150) (Pooled). Only 27�4% 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�7%) and Gujarat (48�5%). Major proportion of HH with
intake < 50 of RDI are Orissa (92%), West Bengal (84.2%), Maharashtra(76%), Madhya Pradesh (72%), Uttar Pradesh (70%), and Karnataka (63%).(E) Average
consumption of cereals and millets (g/CU/Day; RDI� 460): Time trends There has been a decline in intake of cereals and millets in past four decades with a median
decrease—Karnataka (262 g), Andhra Pradesh (167 g), Maharashtra (183 g) and Tamil Nadu (142 g) and the lowest in Kerala (55 g). (F) Distribution percentage of
households according to daily intake of cereals and milletsas percent of RDI. Majority of HH (65%) had daily intake of cereals and millets> 70% of RDI and 10% HH
had intake of< 50 of RDI (Pooled).(G) Average consumption of foods in different age groups–Time trends. (H) Average household intake of food stuffs as percentage
of RDA: Time trends. Maharast-Maharashtra; Andhra–AndhraPradesh; Karnat-Karnataka. Source: National Nutrition Monitoring Bureau—Technical report No
26–third report on rural survey1.

505 (1975–1979) to 368 (2011–2012) (RDI� 460) (Figures 1E,F).
The median cereal and millet intake is 375 g/CU/day.

Across di�erent age groups (infants, children, adults,
pregnant, and lactating women) there has been a decline (from
1975–1979 to 2011–2012) in intake of calcium (Figure 1G), milk
and milk products, and cereals (Figure 1H).

Tribal Survey (Figures 2A–H )2

The trend over time of dietary calcium intake (g/CU/day)
(pooled) over past two decades shows a decline from 394 (1998–
1999) to 315 (2007–2008) (RDA 400) (Figure 2A). The median
daily intake of calcium was 315 CU/day. The trends of intake
of milk and milk products (g/CU/day) (pooled) shows a change
from 18 (1998–1999) to 21 (2007–2008) (RDI 150) (Figure 2C).

The trends of intake of cereals and millets (g/CU/day)
(pooled) declined marginally from 469 (1998–1999) to 419
(2007–2008) (RDI� 460) (Figure 2E). Across di�erent age
groups, there has been low dietary calcium intake below the
recommended RDA, and further decline compared to the years
1985–1987, 1998–1999, and 2007–2008 (Figure 2G). Similar
trend was seen in intake of milk and milk products (Figure 2H).

Urban Survey (Figures 3A,B )3

The major portion of diet of the urban population was formed
by cereals and millets (320 g/CU/day) which was lower than
the RDA. Intake of milk and milk products were lower than
RDI. About 67% of HH met the RDA requirement of calcium.
Preschool children consuming< 50% of RDA of calcium ranged
from 2 to 93%.

From the NNMB data (1981–2011), there was a decline in
dietary intake of calcium both in rural and tribal population
in the past four and a half decades. The average HH intake of
calcium as a percentage of RDA is 67% in urban (year 2017),
108% in rural (year 2012) and 78.8% in tribal (year 2008) subjects
(Figure 3A)1,2,3. The distribution of HH consumption of milk
and milk products were 81.3, 63, and 14% for urban, rural, and
tribal population surveyed. The major source of calcium was
through cereals and millets (70, 80, and 91% of urban, rural,and
tribal population, respectively) (Figure 3B). While cereals and

2http://nnmbindia.org/NNMBTribalReport.pdf (accessed January 1,2019).
3http://ninindia.org/NNMB%20Urban%20Nutrition%20survey%20%20report-
Final%2025-09-2017.pdf (accessed January 1, 2019).

millets were the main source of calcium in rural and tribal HH,
the urban HH received calcium from milk and milk products
(Figure 3B)1,2,3.

The National Sample Survey Organization (NSSO) conducts
quinquennial surveys on monthly per capita food consumption
at state and national level across all rural and urban households.
The survey covers all states and union territories. It provides data
on consumption expenditure of food and non-food items, and
food security at the household level. The information collected
during NSS 68th Round (2011–2012) is spread across the whole
country, involving 83,935 urban and 119,378 rural HH (involving
7,469 rural and 5,268 urban blocks surveyed) (14). The major
limitation of this data is that is collected through single interview,
with a reference period of 30 days of consumption expenditure
and provides no critical insight onto intrafamilial distribution of
food consumption of individuals (15).

In both urban and rural areas, cereals form the main portion of
diet followed by milk and fruits. Between 1987–1988 and 2009–
2010 (NSSO 66th Round), the share of food in total consumer
expenditure has fallen from 56 to 47% in urban and 64 to 54%
in rural areas (16). The share of consumer expenditure of milk
and milk products has declined from 9.5 to 7.8% in urban areas.
But it is unchanged at 8.6% in rural areas. In the same period,
there has been a fall in the share of consumer expenditure on
cereals in rural (26–16%) and urban (15–9%) India, indicating
a decline in cereal intake in the last three decades despite the
ample availability.

Cereals contribute to 57% (rural) and 47% (urban) of energy
intake. There was a progressive fall of cereal intake with
rising monthly per capita expenditure (MPCE). The cereal
consumption in rural subjects is 70% in the bottom 5% of the
population, with a progressive fall to 42% in the top 5% of the
population, as ranked by MPCE. In the urban population, it
is 69% in bottom 5% of the population to 29% in top 5% of
the population (NSSO 68th Round) (14). People in the lowest
income group were consuming greater quantities of cereals
despite spending a smaller portion of their income, because
cereals were supplied through public distribution system (PDS).
The rural population has changed the consumption pattern to
rice and wheat as staple cereal. Coarse cereals (Ragi, maize,
Jowar, and bajra) which are rich in micronutrients are not
being consumed in substantial quantities. The decline in cereal
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FIGURE 2 | Tribal survey.(A) Average household intake of calcium (g/CU/day; RDA� 400): Time trends.(B) Distribution percentage of households according to daily
intake of calcium as percent of RDA. Only 37% of HH had dietarycalcium 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 in Orissa. In Orissa, 63.5% of HH consume> 70% of RDA of calcium (450 CU/day), followed by Gujarat
(45%), and Karnataka (40%).(C) Average household consumption of milk and milk products (g/CU/day; RDI� 150): Time trends.(D) Distribution percentage of
households according to daily intake of milk and milk products as percent of RDI. The intake was the lowest in Orissa (0.9 ml) and the highest in Gujarat (63 ml). In all
states 80–100% (mean 91.6%) of the HH, the intake of milk and milk products was < 50% of RDI. (E) Average household consumption of cereals and millets
(g/CU/day): Time trends. The highest intake was in West Bengal(610) and lowest in Kerala (330) (year 2007–2008).(F) Distribution percentage of households
according to daily intake of cereals and millets as percent of RDI (460). Majority of HH (79%) had intake of> 70% of RDA and only 4% of HH had intake of< 50 % of
RDI (Pooled).(G) Average intake of calcium (g/CU/per day) in various age groups: Time trends.(H) Average intake of milk and milk products, and cereals and millets
(g/CU/per day) in various age groups: Time trends. The intake of cereals and millets were> 70% of RDI in majority of HH but still showed a decline compared to
previous years (by 50 g). Source: National Nutrition Monitoring Bureau—Technical report No 25—Tribal survey2.

consumption among middle and high income groups has been
mainly due diet diversi�cation in these groups consuming fast
foods (Figure 3C)4.

Other Studies
Studies from South Indian subjects (rural, urban and
metropolitan) (2015) showed signi�cantly lower dietary
calcium (P < 0.0001) in rural subjects (269� 2), urban (308
� 2.3), and metropolitan subjects (526� 8) (mg/day; Mean�
SEM) (RDA� 600) (17). The rural subjects had the highest intake
of cereals and lowest intake of milk and milk products. The
urban and metropolitan subjects had similar intake of cereals,
milk and milk products (Figure 3D) (17). There are similar
reports documented by other workers of low dietary calcium
intake in adolescent (17) and post-menopausal women (18–20).
Interestingly, a study of migrant workers in metropolitan cities
had higher dietary calcium intake much above the RDA (21, 22).

Vitamin D
The �rst ever documentation of low 25 Hydroxy vitamin
D[25(OH)D] levels in India were on control population studied
in a cohort of patients with primary hyperparathyroidism (23).
Later other reports ensued. According to the study from India
(24), about 85% of Indian population is su�ering from various
degrees of vitamin D de�ciency. The 25(OH)D concentrations
in subjects residing in north India are relatively lower compared
to subjects in south India, with an inverse correlation with
latitude (r D � 0.48; P < 0.0001) (Figures 4A,B), probably
because of equatorial closeness (zenith angle) (25). In a vitro
study conducted at south India (Tirupati, Latitude 13.24ON) to
study the synthesis of previtamin–D3 in an experimental model,
it was shown that �ve times more previtamin-D3 and vitamin D3
formed at noon and 1 pm compared 9 to 10 a.m. (Figure 4C) (25).

Modern India: Problem of Nutrition
Inadequacy
India is a fastest growing economy which is self-su�cient in
food production. The total population of India 960.5 million in
1995 went up to 1339.2 million in 2016 (26). As cities developed
and enabled employment opportunities (urban migration,
newer regions recorded as urban in census) and urban slums
mushroomed, the percentage of rural population slumped from

4http://mospi.nic.in/sites/default/�les/publication_reports/SelectedSocio-
EconomicStatisticsIndia2017_27oct17.pdf (accessed December 31, 2018).

73% (1995) to 65% (2016). With modernization and advent of
machinery, agriculture became less labor intensive leading to fall
in day-to-day in energy expenditure. Employment in agriculture
fell from 61% (1995) to 43% (2016) (26). India's modernization
includes sharp changes in lifestyle with long indoor working
hours and changes in diet of erstwhile rural people with
consumption of fast foods. With mechanization of agriculture
less time is spent under the sun. Prolonged indoor working hours,
modernization in culture and life-style leading to change in
clothing habits, sun shy nature, and use of sunscreens with higher
SPF are some of the factors causing hypovitaminosis D in India.

The production of cereals and milk has gone up from 85
(1995) to 123 (2016) and 68 (1995) to 164 (2016), respectively
(Production indices 2004–2006D 100). India is the largest milk
producer in the world. About 80% of the milk production comes
from small farmers (rural areas) (26, 27)5. Yet, the per capita
monthly expenditure for consumption of milk and milk products
in rural is Rs. 116 and urban area is Rs. 187 (27)6.

Thus, the new nutrition problem began to emerge in India-
the problem of over-consumption and obesity. All this occurred
in a single generation and constituted the dual burden—
persistent undernutrition alongside emerging over nutrition—
“The Nutrition Transition” (15). Hence, the reduction in
undernutrition was matched by over nutrition and the normally
nourished (60%) remained unchanged (15).

Changing Adequacy Ranges—RDA of Calcium and
Vitamin D (Figures 5A,B )
The RDA of calcium in India has been revised (28–30)8 but, is still
lower than the revised RDA of USA and Canada (31). Similarly,
the RDA of vitamin D of USA and Canada has been revised (31)7,
while India's remains the same (28–30). Figure 5B summarizes
vitamin D status according to di�erent advisory bodies (29–
31)8. The normal range of 25(OH)D concentrations to de�ne
vitamin D de�ciency and su�ciency has undergone a change
from population based reference range to health based reference
range (33–36). The Endocrine Society guide lines are aimed at
clinical care perspective. The IOM recommendations are directed
at population health.

5https://www.worldatlas.com/articles/top-cows-milk-producing-countries-in-
the-world.html (accessed December 29, 2018).
6https://www.nddb.coop/sites/default/�les/pdfs/merged_document9-10.pdf
(accessed December 29, 2018).
7https://www.ncbi.nlm.nih.gov/books/NBK56070/ (accessed January 1, 2019).
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FIGURE 3 | (A) Distribution of average house hold intake of nutrients as percentage of RDA in urban, rural and tribal surveys.(B) Distribution of average house hold
consumption of food stuffs as percent of RDI in urban, rural,and tribal surveys. Vit A, vitamin A; Vit C, vitamin C; GLV, Green Leafy Vegetables; Other veg, other
vegetables.(C) Percent distribution of total consumption per person for a period of 30 days urban, rural and tribal surveys—time trends. (D) Dietary pattern
(percentage of total energy intake) of rural, urban, and metropolitan city subjects. Carbo, carbohydrates; Prot, proteins; Veg, vegetables; Milk and prod, milk and milk
products. Source: (A,B) National Nutrition Monitoring Bureau—Technical report No25,26,27—Tribal, rural and urban survey1,2,3. (C) Socioeconomic statistics
ministry of statistics 20178. (D) Adapted from Harinarayan and Ramalakshmi (17). Sources of Calcium8 (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 Legumes (200–340)-Ragi(Eleusine coracana),
whole Bengalgram(Cicer arietinum)and horsegram(Macrotyloma uni�orum), rajmah(Cicer Arietinum),and soya bean(Glycine max); Green leafy vegetables
(500–800)—Amaranth, cauli�ower greens(Brassica oleracea), curry leaves(Murraya koenigii), knol-khol leaves(Brassica oleracea var. gongylodes); Nuts and oil
seeds-Coconut dry, almonds, hazel nuts, mustard(Brassica), 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, Mackerel, Sardines, Tuna, Egg yolk, Mushrooms (if exposed to sunlight or UV radiation).

Interaction of De�ciencies of Calcium and Vitamin D
India is a diverse country with diverse cultural and dietary
habits. The dressing and dietary habits vary between di�erent
regions and di�erent socioeconomic classes. Indians come under
the skin class category V (dark skin). With modernization
and mechanization of lifestyle, the indoor working hours has
increased, limiting sun exposure, and di�erent dress codes
in di�erent regions of the country and population sects,
increasing pollution, and increased usage of skin creams with
SPF (Skin protection factor)> 15 could account for the vitamin
D de�ciency.

The dietary calcium de�ciency (with declining dietary calcium
intake in India) (Figures 1–4) can lead on to secondary
hyperparathyroidism (SHPT). This SHPT leads to increased
conversion of 25(OH)D to 1,25–dihydroxyvitamin D, thereby
reducing the serum 25OHD concentrations (37–41). The
phosphaturic action of SHPT leads to low serum phosphorous
and inadequate calcium phosphate ratio, resulting in ricketsin
children and osteomalacia in adults.

Studies from north India have shown vitamin D su�ciency in
young adults and outdoor workers with a dietary calcium intake
of 625� 273 mg/day and 405� 269 mg/day (21, 22, 42).

Studies from agricultural laborers in south India had 25OHD
concentrations of� 23 ng/ml with dietary calcium 269� 2
(mg/day; Mean� SEM) (24). The main source of dietary calcium
in tribal, rural and semi urban areas are cereals and these
contain Phytates, which retard the absorption of calcium (43, 44).
Thus, the bioavailable calcium is far less than the RDA. With
modernization leading to reduced cereal intake (Figure 3), and
change of diet from coarse cereals to rice and wheat, the dietary
calcium de�ciency is further exaggerated. Intake of milk and
milk products are near RDA only in urban populations (44).
Thus, vitamin D de�ciency leads to calcium malabsorption,
which coupled with low dietary calcium leads to SHPT. Thus,
urbanization, lifestyle changes, and change in dietary habits
interact with one another to magnify the calcium and vitaminD
de�ciency. In addition, there are di�erences in food consumption
pattern across regional (interstate) and socioeconomic classes
(Figures 1–4) in India.

Impact of Twin Nutrient De�ciency
Calcium and phosphate are the main ions for bone sti�ness.
Calcitriol supplies these minerals by increasing the intestinal
absorption of calcium and phosphate ingested daily. If there is
no oral intake of these ions, calcitriol cannot do its job. Low

dietary calcium supply and low vitamin D status causing calcium
deprivation leads to SHPT. Though this SHPT maintains the
serum calcium, sustained SHPT causes structural damage to bone
and leads to hypophosphatemia (causing rickets/osteomalacia).
In India, the dietary calcium plus vitamin D de�ciency leads to
rickets and/or osteomalacia in children and adolescents; inadults
they lead to osteomalacia.

In vitamin D de�cient states, the intestinal calcium absorption
reduces to 10–15%. In vitamin D su�cient states, there is 30–80%
calcium absorption (45).

Magnitude of the Problem
In the largest and longest study reported from India (1963–
2005) (46), 52% of the population studied had nutritional
bone disease. Osteomalacia (35.3%) and rickets (7.6%) caused
by vitamin D de�ciency due to inadequate sunlight exposure,
dietary calcium de�ciency (< 300 mg/day) induced osteoporosis,
vitamin D and calcium de�ciency induced osteoporosis were the
commonest disorders, besides �uoride interaction syndromes.
Of the total population studies, about 40.6% had dietary
calcium de�ciency in critical years of growth. There are
many reports of osteomalacia in adults from cross sectional
studies (46–48).

Vitamin D de�ciency can lead to low bone mass rickets in
children and osteomalacia in adults. Vitamin D and calcium
de�ciency may lead to osteoporosis. In both the scenarios, there
is increased risk of fractures. Compared to the Caucasians inthe
west where osteoporotic fractures occur mostly in females, in
India, it occurs in both females and males, with most fractures
among males. Also, fractures occur a decade or two earlier in
Indians (49). Recent studies indicate that in Indian women, the
BMD and peak bone mass are lower than that of Caucasians
(50). Based on the clinical experience and available data (although
exact numbers are lacking), an estimated 25 million may be
a�ected with osteoporosis (51).

Hence, in the background of high prevalence of rickets,
osteomalacia and subclinical vitamin D de�ciency and decline
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.

8http://ninindia.org/DietaryGuidelinesforNINwebsite.pdf (accessed January 1,
2019).
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FIGURE 4 | (A) Graph showing the inverse correlation between the 25(OH)D levels and latitude (r D � 0�48; p < 0.0001) from various studies conducted in the
country [Table 1 of (24)]. Adapted from Harinarayan et al. (24). (B) The 25(OH)D levels of various studies from India along with latitude 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-Dehydrocholesterol(7-DHC) to previtamin
D3 and photoproducts, and the percentage of previtamin D3 and vitamin D3 against time (for the study duration). The tablebelow gives the individual values, mean�
SD minimum and maximum of the variables [Figure 2 of (25)]. Adapted from Harinarayan et al. (25).
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FIGURE 5 | (A) RDA of calcium and vitamin D of India ICMR-NIN (27–29) and USA-IOM (31, 32)9. (B) Normal range of vitamin D from population based reference
values, health based reference values (IOM & Endo. Soci). ICMR, Indian Council of Medical Research; NIN, National instituteof nutrition; IOM, Institute of Medicine;
Endo Soci, Endocrine society, USA; AI, adequate Intake; IU/day,International units/day; mg/day, milligram/day.

THE WAY FORWARD: STRATEGIES TO
COMBAT NUTRIENT DEFICIENCIES

In the background of unsatisfactory levels of the combination
of twin nutrient de�ciency of calcium and vitamin D in India,
any public health measure to address the issue in isolation may
not yield the desired positive bene�ts for skeletal health. This
problem requires to be addressed at various segments to realize
the bene�ts, as soon as possible, by utilizing the available natural
resources and forti�cation of food. Not only strategic initiatives,
but also by leveraging technology as an enabler, both urban
and rural population across India can be reached. In the west,
calcium, and vitamin D are forti�ed using various strategies.

Strategies That Can Be Implemented With
Immediate Effect
Population Based Educational Strategies for Both the
Nutrients
Population based educational strategies help to reach all
segments of the society as early as possible until forti�cation
can reach everyone and are also less expensive. The expertise
of Indian nutrition scientist in increasing the availability of rice
(which is not milled and polished) to lower socio-economic
groups through the public distribution system (PDS) has resulted
in natural death of Beriberi. Their dietary advise, to not solely
rely on Jowar (sorghum-cause of pellagra) but instead, vary
diet by including cereals and millets has led to disappearance
of pellagra, which shows the success of educational strategies
and implementation of remedial measures (52). These triumphs

were seen early because of short latency diseases (beriberi and
pellagra). But for calcium and vitamin D the results will be seen
after a long latency.

One of the easiest approaches, for a population-based strategy,
are educational programs describing the e�ects of this twin
nutrient de�ciency. This could involve (a) educating the children
through their school curriculum and school teachers—The
primary and secondary school curriculum can include this
aspect not as a snippet, but as a complete module within the
digital classroom sessions, every year, (b) updating medical
college curricula pertaining to calcium and vitamin D status of
the population, (c) education of expectant and breast feeding
mothers in the antenatal clinics and during follow up in the
post-partum period, (d) active participation of social service
organizations, old age homes, (e) government mandate to
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
will lead to increase in awareness among the public along
with implementation of simple remedial methods to tackle the
nutrient de�ciency.

Calcium
Despite India being the largest producer of milk, the per capita
consumption of milk and milk products is only 7.4, 15.3, 26.9,
and 50.4% for very poor, poor, non-poor and rich, respectively
(53). The majority of milk production is from the rural sector and
they sell their produce for their livelihood.
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India is combating the problem of milk adulteration/dilution
which decreases the bioavailability of nutrients. Proper regulatory
mechanisms should be enforced. Strategies to improve the
awareness of diet diversi�cation for lower socioeconomic
population should be as follows: inclusion of balanced diet with
cereal containing more calcium with less phytate content.

Vitamin D
FAO expert committee recommends an easy and physiologically
relevant model of acquiring vitamin D through endogenous
synthesis, which is sun exposure of skin (face and arms) for a
minimum period of 30 min (without sun screen) to mid-day sun
in most locations of the world, around the equator (between
latitudes 420 N and 420 S) (54, 55). Studies onin-vitro model of
vitamin D synthesis (24) which showed the maximal synthesis of
Previtamin D and vitamin D (Figure 4) is validated by several
other observational studies, from Chandigarh (41), Delhi (56–
60), and Pune (61) suggesting the bene�t of sunlight exposure
to midday sun. Sunlight exposure (UV-B) has the potential to
increase the serum 25OHD concentrations, but is limited by skin
damage and skin cancer.

In schools, physical exercise should be made compulsory
in the curriculum. Students should be encouraged to expose
themselves in sun as much as possible in lunch hour—“sunshine
hour” (55). The e�orts should be aimed at educational programs
among physicians and general public at large, updating medical
curriculum regarding the bene�ts of vitamin D and its e�ects on
de�ciency (62–66). Bioaddition of vitamin D include increasing
the vitamin D content of eggs, farm �sh, livestock (meat), UV
exposure of mushrooms and yeast (then used for bread) are some
of the methods (67).

Targeted Supplementation
Supplementation of calcium and vitamin D in antenatal clinics
and post-partum mothers would not only bene�t the bone health
of mother and child, but also reduce pre-eclampsia and caesarian
sections (68). There are reports of inverse association of serum
25(OH)D levels and cesarean sections (68). Low serum 25(OH)D
levels are also associated with increased primary C-section,
uterine atony and post-partum hemorrhage (68, 69).Similar
approaches should be considered in government run shelters,
old age homes, and residential communities for retired sta�and
the in�rm.

Long Term Measures
Nutritionists in India have shown success in implementationof
salt iodization program. Hence, forti�cation of milk, cereals and
staple foods with calcium and vitamin D should be considered.
There is a decline in intake of cereals and shift to rice and
wheat in Indian population. Hence, these grains, their �our and
related products should be the targets for forti�cation, apart from
milk and oil, to cover the entire population. It could be mass
forti�cation, targeted or market driven forti�cation. Presently
Milk, Oils-edible oils, rice bran oils, sun�ower oil, Vanaspathi,
wheat �our are forti�ed with vitamin D—mandatory in India.
Forti�ed foods include—milk and milk variants, soya milk, juices
(minute maid) and biscuits with calcium and vitamin D (70).

Targeted Forti�cation
People in lower socioeconomic strata procure their cereals and
staple grains from the PDS. It will be an imperative to maintain
the forti�ed standards of calcium and vitamin D for this segment.

Food supplied to schools for mid-day meal schemes should
procure forti�ed rice, other cereals and their products for
preparation of their meals. Similarly, food supplied by ICDS
(Integrated Child Development Scheme) should use forti�ed
grains. In addition, supply of forti�ed milk to children as a part
of ICDS and mid-day meal schemes could also be considered.
Non- pro�t organizations like ISKCON (International Society
for Krishna Consciousness), Akshaya Patra who distribute mid-
day meal to school children can get involved in using forti�ed
food grains for meal preparations, distribution of forti�ed, ready-
to-eat food to school children during their evening snacks like
sattu (62–65).

Mass Forti�cation
Another strategy to combat twin nutrient de�ciency can be
through mass forti�cation which would involve recurrent costs in
production, marketing and education costs, and other program
speci�c costs like monitoring and surveillance etc. The bene�t of
forti�cation would be seen over a period of time (time to achieve
complete forti�cation and because of long latency disease).

As both calcium and vitamin D are essential complementary
nutrients for maintaining skeletal health which are de�cient
in Indian population, there should be a government mandate
(legislation) to fortify calcium and vitamin D.

Forti�cation of milk is a time tested and a validated method
(does not require to be validated by any further studies in any
groups of population in any other region) which might address
the bulk of calcium and vitamin D de�ciencies, but would bene�t
only 35% of the population (urban). The consumption of milk
(Kg/capita/annum) (2009–2010) in rural area is 51.7 and in urban
area is 71.6. The share in monthly per capita food expenditure
is 14.9 and 18.4% in rural and urban areas, respectively5,6,7.
Apart from forti�cation of milk and oil to cover all segments of
population, other food items that can be forti�ed includes rice,
wheat, cereals and their products in addition to sugar and its
variants (62–65). In India, the staple foods are being forti�ed with
vitamin A and essential minerals. It is an easy approach to fortify
them with calcium and vitamin D along with other nutrients in
the same process.

Market Driven Forti�cation
Ready-to-eat foods such as canned fruit juices, health drinks,
health/granola bars, biscuits, to�ees, sweets etc. can be forti�ed
with calcium and vitamin D. This helps the corporate companies
to expand their market share by targeting growing children,
pregnant and lactating mothers, the health conscious population,
and people recovering from chronic illness.

Pros and Cons of Mandatory vs. Voluntary
Forti�cation
Food forti�cation has traditionally been implemented using a
mandatory approach. However, voluntary forti�cation is also
e�ective in mature markets. The demand is mostly seen for
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branded food products with information of forti�cation included
in the packaging. Launching forti�cation through voluntary
approaches attracts goodwill from the local authorities and the
freedom to impose own prices. In a drive to increase the market
share through robust communication strategies, there are huge
investments required. The need to spread the awareness of the
health bene�ts of forti�ed food lies with the enterprise thatopt
for voluntary food forti�cation leading to lower cost-bene�t ratio.
The limitations are the inability to sustain the cost of producing
new forti�ed products, huge investments in communication
strategies to spread awareness of the bene�ts from forti�ed food.
Also, as many staple foods are sold in loose and unbranded
form, it is di�cult to incorporate forti�cation logos on a
product without a package. On the other hand, mandatory food
forti�cation allows implementing new standards with centrally
regulated and subsidized prices with a higher cost-bene�t ratio
as the government mandates the forti�cation. It is cost e�ective
with an immediate public health impact. However, the supply
chain needs to be supportive for a mandatory food forti�cation
and the local producers should be ready to enforce the
forti�cation regulations.

Role of Technology in Tackling Calcium
and Vitamin D De�ciency
Technology is an enabler for the implementation of strategies
to improve public health nutrition. In this aspect, the use
of internet and mobile phones for communicating health
bene�ts has seen a positive response (71). Hence, the ability
to provide personalization is a major focus area for healthcare
technology providers. Biosensors in smartphones are being used
to assess the health outcomes and to re-calibrate the nutritive
supplementation for the user (72). Gami�cation (virtual games
using points as motivator) is also a proven methodology to
improve awareness of daily nutrition intake among children (73).

In India, the mobile phone penetration in mid-2017 is 57%9

and the total mobile phone customer base reached 1.17 billions
by the end of the year10. The reach of mobile internet is estimated
to be 60.8% and 39.1% in urban and rural India by June 201811.
The internet penetration in urban and rural India is 64.84%
and 20.26% as on December 2017. It is estimated only 30% of
total internet users are female, indicating a huge gender gap in
digital literacy12.

While mobile apps are one of the easiest methods of
reaching to a wide-spread population segment, other approaches
include advertisements in print and social media, health-based
interactive videos, and on-call nutritionists. Use of emerging
technologies, such as analytics, sensors and arti�cial intelligence

9https://thenextweb.com/contributors/2017/07/13/india-overtakes-usa-become-
facebooks-top-country/ (accessed January 4, 2019).
10https://economictimes.indiatimes.com/tech/internet/internet-users-in-india-
expected-to-reach-500-million-by-june-iamai/articleshow/63000198.cms
(accessed January 4, 2019).
11https://www.reuters.com/article/india-telecoms-users/table-indias-
mobile-phone-users-rise-4-97-mln-to-1-17-bln-in-dec-idUSL4N1Q61KZ
(accessed January 4, 2019).
12https://yourstory.com/2018/03/mobile-internet-users-india-reach-478-
million-june-2018-iamai-report/ (accessed January 4, 2019).

to assess the calcium and vitamin D de�ciency and to predict
the duration of recovery helps in improving public health
nutrition13. In the regions where internet is impenetrable, other
approaches such as on-call nutritionists, call centers to answer
nutrition-speci�c queries should be leveraged as a strategyto
increase awareness of calcium and vitamin D de�ciency and the
remedial measures.

Bupa Healthcare has implemented over-the-phone
personalized nutrition coaching for their members. This has
helped patients to eat healthier and live a healthy lifestyle14,15.
HealthPhone, a project of The Mother and Child Health and
Education Trust (MCHET), a non-pro�t charitable trust,
founded to establish communications technologies that will
provide health and nutrition information to and from rural
low-income communities, provides a video reference library
and guide to better health and nutrition practices. This trust
has distributed mobile phones with access to this video library
for families and communities, including the illiterate, toview
the videos in their native language, distributed on mobile
phones16 (74).

Calcium
Apart from milk and milk products, there are calcium-rich
foods which are available across India. However, the adoption of
calcium-rich foods in addition to milk is very low. Some reasons
that could be attributed to this cause are lack of awareness,non-
availability of speci�c food items in a region, and lack of culinary
expertise to consume these foods.

Through di�erent means of communication to the urban
and rural populations, awareness can be increased by suggesting
measures which are localized for the focus region. Target
programs for a speci�c region can be undertaken to include
dietary calcium intake through localized culinary delicacies
speci�c to the region or the cultural background of the
target segment.

Vitamin D
Studies have proven the e�ectiveness of mobile apps for
assessing vitamin D levels and suggesting remediation methods
(75). The assessment leverages a smart phone accessory
and a test strip which in integration with the smartphone
app provides the test results (76). However, these apps
do not provide the nitty-gritties of the easiest remediation
method—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
the GPS location of the phone, weather conditions and the solar
positioning at the location.

13http://www.ourbupa.co.uk/Pages/Health-coach-team.aspx (accessed May 23,
2019).
14https://www.bupa.com.au/dietitianhealthcoaching (accessed May 23, 2019).
15http://www.healthphone.org/ (accessed May 23, 2019).
16http://www.healthphone.org/about.htm (accessed May 23, 2019).
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The Integrated Approach
The combination of increase in awareness, adoption of
localized approach and the support of government for ethical
technological use is an imperative for combating calcium and
vitamin D de�ciency. While mobile apps or on-call services
can be provided to understand nutritive values of food or food
products available through various channels of sale, however,
localized programs strategized to target a speci�c micro region
will need a regional expertise.

Governmental Measures
1. Revision of RDA of calcium
2. Price regulation of calcium and vitamin D supplements under

price control act (to be made a mandate by legislation)—to
be a�ordable to even lower socio economic segments of the
society–so that supplementation is a�ordable and feasible

3. Supplementation of calcium and vitamin D to all pregnant and
lactating mothers in primary health centers

4. Regulate the calcium and vitamin D content in multivitamins
5. Bene�ts to corporate companies who are involved in

mandatory food forti�cation, in the form of additional tax
bene�ts for mandatory food forti�cation initiatives, rebates
as a part of corporate social responsibility (CSR), availability
of forti�ed food in corporate cafeterias leading to better
employee well-being, thereby increasing productivity

6. Support to research groups to study the impact of vitamin
supplementation and forti�cation programs in all parts of
the country. Support in the form of approvals for research
projects and provide �nancial assistance for a detailed study
in this sector along with assessing the outcomes. Also, provide
support to implement the �ndings of the project

7. Policies for implementing ethical use of technology to
optimize channels for enhancing public health nutrition.

CONCLUSION

There is a widespread dietary calcium and vitamin D de�ciency
in India. For over half a century, the intake of dietary calcium,
milk, milk products, and cereals has declined drastically. There
is a clear rural–urban divide in consumption of milk, milk
products and cereals. The de�ciency of these nutrients manifests
as rickets/osteomalacia and/or osteopenia/osteoporosis, which is
realized at much later age. Stunting and some of the calcium
paradox diseases could be attributed to the de�ciency of these
nutrients. Forti�cation of food with only vitamin D in Indiain
the background of dietary calcium de�ciency is doing a disservice
to the population/society. There is an urgent need to address

these issues by the scienti�c societies and the Government of
India through strategic measures or through food forti�cation
of calcium and vitamin D. Until these programs see the light of
the day, it is prudent on our part to obtain vitamin D by most
inexpensive way, which is by exposure to sunlight and meeting
the RDA of calcium in our diet or supplementation to mineralize
the osteoid in the most easiest way (66, 77, 78). It may be a golden
opportunity for school going children to expose themselves in
sunlight and get adequate calcium in their mid-day meals to
achieve the peak bone mass (77).
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except where the dietary calcium alone was given in recent
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