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High prevalence of low dietary calcium and low vitamin
D status in healthy south Indians

CV Harinarayan MD, DM, T Ramalakshmi MSc and U Venkataprasad Msc

Department of Endocrinology & Metabolism, Sri Venkateswara Institute of Medical Sciences, Tirupati, India

Calcium and vitamin D under nutrition can adversely affect the bone mineral metabolism. There is no
population-based study from India documenting dietary habits, serum calcium and vitamin D levels. Our study
investigated the dietary habits of rural and urban societies in and around Tirupati and their relationship with
serum calcium, phosphorous and vitamin D [25(OH)D] levels. Four hundred and seven subjects from 5 villages
around Tirupati, (rural population) and 125 asymptomatic staff of our hospital (urban population) were studied.
Dietary intakes of calcium, phosphorous and phytates were documented by diet history. Serum calcium,
phosphorus and 25 (OH) D levels were estimated in 191 rural subjects and 125 urban subjects. Compared to
urban subjects, rural subjects had a significantly lower intake of dietary calcium (P <0.0001) and a significantly
higher dietary phytate/calcium ratio and serum calcium and 25 (OH) D levels (P <0.0001). Dietary calcium
intake was inadequate in both rural and urban subjects compared to the recommended daily allowances (RDA)
for our country. About 31% of the population had normal vitamin D levels, 54% had vitamin D insufficiency
and 15% vitamin D deficiency. About two-thirds of the population had low levels of vitamin D. Inadequate
dietary calcium intake associated with high phytate/calcium ratio reduces the bioavailable calcium in the gut.
Hence, there is a need to fortify food with calcium and to propose new guidelines for 25 (OH) D in Indian
subjects. Multicentric studies with large sample populations are required to generate normal standards and

nationally relevant guidelines.
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Introduction

Nutritional factors play a vital role in bone homeostasis
during adulthood. During infancy, childhood and ado-
lescence, increasing dietary calcium intake favours bone
mineral accrual. Adequate calcium intake along with
vitamin D helps to maintain bone mineral mass attained at
the end of growth period i.e. peak bone mass. Serum 25-
hydroxyvitamin D [25(OH)D] is the most reliable indicator
of vitamin D levels of an individual. Vitamin D in-
sufficiency [25(OH)D levels between 10 — 20 ng/ml] is
associated with secondary hyperparathyroidism (SHPT).
Low dietary calcium intake further amplifies the para-
thyroid response to vitamin D insufficiency. The SHPT,
which ensues, mobilizes mineral and matrix from skeleton
leads to a high risk of fracture."”

Vitamin D deficiency and/or poor dietary calcium
intake can lead to a defect in mineralization of bone
(Rickets in children; Osteomalacia in adults). Rickets and
osteomalacia are known to develop in immigrant Indians
who migrate away from the equator.”” This was attributed
to the poor cutaneous synthesis of vitamin D due to pig-
mentation and inadequate sunlight exposure along with an
inadequate dietary calcium intake. Vitamin D deficiency
[25 (OH) D levels <10 ng/ml] was presumed to be rare in
tropical countries like India. Previously, we reported the
prevalence of low vitamin D levels in India in a group of
normal subjects and patients with primary hyperpara-
thyroidism.' Subsequently other reports ensued."™™ Tt is

indeed surprising to find low vitamin D in healthy subjects
in India, a country with abundant sunshine. So far, there is
no large study documenting the dietary habits, serum
calcium and vitamin D levels of an Indian population. We
studied the dietary habits, and its relationship with serum
calcium, and vitamin D [25-hydroxy cholecalciferol 25
(OH) D] in patients residing in Tirupati and surrounding
villages.

Materials and methods

Between January 2000 and July 2003, 407 apparently
healthy, asymptomatic subjects from Sathyavedu [SY]
(Latitude [Lat] 13.26°N and Longitude [Long] 79.57°E),
Peddathippasamudram [PTM] (Lat.13.43°N,Long. 78.13
%E), Sandramakula palli [S. Palli] (Lat.13.40°N, Long.
78.14°E), Adharam [A] (Lat.13.37°N, Long. 79.47° E) and
Kandluru [K] (Lat.13.36"N, Long. 79.47°E) villages around
Tirupati, belonging to Chitoor district, Andhra Pradesh
were included in the study. They constituted the Tirupati
rural population. Students and staff of the Sri Venka-
teswara Institute of Medical Sciences (SVIMS), Tirupati
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Table 1. Dietary Pattern, serum calcium and 25 (OH) D
statuses of Tirupati Urban and Rural population

Parameter Tpt- Rural  Tpt— Urban
N 191 125
Age (Yrs) 44 +1.03 45.5+0.95
S. Calcium (mg/dl) 10 £0.05%  9.71£0.06
S. Phosphorous (mg/dl) 3+0.04* 3.28+0.53
S. 25(OH)D (ng/ml) 21 £0.46* 13.52+0.59
Dietary Calcium (mg/day) 264 +1.94* 356 +5.0
Dietary Phosphorous (mg/day) 490 +4.98%* 721+10.2
Dietary Phytates (mg/day) 200+1.9 207 +4.7
Phytates/Calcium Ratio 1+0.01*  0.58+0.01

Values represent meant SEM; *P <0.0001; 25(OH)D — for
conversion from ng/ml to nmol/l — multiply by 2.5

[TPT] (Lat.13.40 ° N, Long. 77.2 ° E), Chitoor district,
Andhra Pradesh and their asymptomatic relatives (N=125)
were studied. They constituted Tirupati urban population.

In all the above locations, the average duration of
sunlight is around 8 tol0 hours per day throughout the
year. Winters are short with minimum and maximum
temperatures ranging from 17°C to 30°C with poor rain-
fall. Most often, there is little seasonal variation of the
peak sunlight. The visual skin complexion of the subjects
studied is wheatish to dark in color. Most of the rural
subjects are agricultural workers who are exposed to
sunlight for a period of 8 tol10 hours a day. Cloths or
veils did not restrict the exposure to sunlight.

In all the villages, a prior visit was undertaken to study
the pattern of living and dietary. The subjects were asked
to remain fasting on the day of collection of blood
sample. The dietary intake of calcium, phosphorous and
phytates were documented by recalling the diet con-
sumed in the previous 5 to 7 days. The documentation of
dietary pattern was by a single observer. The validity and
repeatability of the documentation was rechecked at
random by one of us (authors) over the period of the
study. There was no significant error in the docu-
mentation of dietary history. From the raw weights, the
calcium and phosphorous intakes were calculated using
the published food composition table detailing the
nutritive value of Indian foods."

For all patients fasting venous blood samples were
collected from the most accessible peripheral vein
between 0800 to 0900 hours in the fasting state without
applying tourniquet for the estimation of serum calcium,
phosphorus and on ice for 25(OH)D. The serum was
separated in refrigerated centrifuge at 4°C and stored at
— 20°C until the analysis for the estimation of 25(OH)D.
The blood samples collected from village populations
were transported under cool packs until they were
separated and stored for further analysis. The 25 (OH)D
levels were estimated in 191 rural subjects and 125 urban
subjects. The serum calcium and phosphorus levels were
estimated by titrimetric method'® and by Fiske Subba
Row method'” respectively. The 25 (OH)D concentrations
were measured by competitive radioimmunoassay after
acetonitril extraction (DiaSorin, Stillwater, MN, USA,

catalogue No. 68100E). The minimal detectable limit of
25 (OH) D assay is 1.5 ng/ml [reference range 9 to 37.6
ng/ml]. The kit manufacturer to monitor assay perfor-
mance provided two quality control sera (control A and
B). The control A (range: 11.6 to 24.4 ng/ml) and the
control B (range: 34.7 to 73.5 ng/ml) values for 25 (OH)D
assay were 17.8 ng/ml and 57.3 ng/ml respectively. The
intra- assay (at 12.75 ng/ml) and inter-assay (at 11.0
ng/ml) variations for 25 (OH) D were 0.9% and 3.95%
respectively.

Statistical methods

A statistical analysis was performed using SPSS package
(version10). Descriptive results are presented as mean +
standard error of mean (SEM). One-way analysis of
variance (ANOVA) was used to estimate the differences
between the study groups. If a significant difference was
found, a multiple comparison test was performed using
LSD post hoc test to analyze the differences between the
study groups. Probability value of P<0.05 was considered
significant.

Results

The diet in rural subjects consisted of 1700 KlJ/day
approximately. Carbohydrates provided 75% of the total
energy intake, proteins 10%, fat 5%, vegetables 5%, and
milk and milk products 5%. The carbohydrate source was
from cereals [Rice — 60% and Ragi (Eleusine Coracana)
— 40%]. Vegetable sources included drumstick leaves,
brinjals and tomatoes. Animal sources of protein were
consumed once fortnightly. The diet in urban subjects
consisted of 2200 KJ/day approximately. Carbohydrates
provided 55% of the total energy intake, proteins 10%
and fat 10%. Vegetables contributed 10% to total energy
intake and milk and milk products contributed 15% (Fig.
1). The carbohydrate source was primarily from cereals
with rice providing 50% of total carbohydrates, wheat
25% and ragi 25%. Vegetable sources included amaranth
leaves, cauliflower, carrots, ladies fingers, other seasonal
vegetables and tubers. Animal sources of protein were
consumed once a week. There was no other source of
calcium or any other mineral in both groups. Milk is not
fortified with calcium or vitamin D in India.

The mean + SEM of dietary calcium, phosphorous,
phytates and dietary phytate/calcium ratio, serum cal-
cium, phosphorous and 25 (OH) D levels of the Tirupati
rural and urban population is described in Table 1. The
age groups of Tirupati rural and urban populations were
comparably similar. The daily dietary calcium intake by
both Tirupati rural and urban populations were low (mean
+ SEM: rural 264 + 1.94; urban 354 + 5 mg/day)
compared to that of Recommended Daily/Dietary Allow-
ance (RDA) issued by the Indian Council of Medical
Research (ICMR) for the Indian population. Dietary
calcium, phosphorous and serum phosphorous were
significantly lower (P<0.0001) in the rural subjects
compared to the urban subjects. Though the dietary
phytates were comparable in both the rural and urban
groups, the dietary phytate/calcium ratio was significantly
(P <0.0001) higher in rural subjects (Table 1). The serum
calcium and 25 (OH) D levels were significantly higher
P <0.0001) in the rural subjects compared to the urban
subjects.
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Table 2. Dietary pattern, serum calcium and 25(OH)D status of Tirupati urban and rural population — categories based on

25 (OH) D levels

25(0OH)D < 10 ng/ml (Group — 1) 25(0H)D 10 — 20 ng/ml (Group — 2) 25(0OH)D > 20 ng/ml (Group — 3)

Parameter o ) o . ) o
Vitamin D deficiency Vitamin D insufficiency Normal vitamin D levels
Whol Whol Whol,
Rural Urban ore Rural Urban ore Rural Urban ore
Group Group Group
N (%) 5 44 49 (15%) 107 63 170 (54%) 79 18 97 (31%)
Age (yrs) 40+7.4 46+1.8 46 +1.7 42+1.4 44+1.28 43+1.0 47+1.5 4842 47+1.3
S.C
a/ d 1040.25%  9.76+0.08  9.79+0.07 1040.07*  9.614+0.1  9.87+0.06  10+0.07*  9.9+0.18  10+0.07
mg
25 (OH) D @ @ @
o 9.04+0.7%  736+03  7.53+0.28  16.7+0.26% 14.3+0.34 15.83+023  27+0.5 25.840.95  26.92+0.44
ng/m
Dietary Ca
/d 227+12% 35549.1 342+10 264+3* 360+7.4 299+5 26642.15%  344+10  281+4.15
mg/day
Dietary
Phos 416421 730+16 699+20 481+7 724+16 481+7 506+7 694423 544+10
mg/day
Phyt./
Calo Ratig  O-87£003%  0.6:001  0.6310.01  0.79+0.01*  0.58+0.01 0.71+0.01 0.72:0.01% 0.54:002  0.68+0.01
alc. Ratio

Values represent mean + SEM; *P=<0.0001 compared to urban group; ¢

Percentage of total energy intake

P <0.001 compared to urban group
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Figure 1. Dietary pattern (percentage of total energy intake) of rural and urban subjects

The 25(OH)D levels of the sample (rural and urban
groups) were classified into: group [ vitamin D defi-
ciency [25(OH)D levels <10ng/ml]; group 2 vitamin D
insufficiency or marginal intake [25(OH)D levels 10-20
ng/ml] and group 3 normal vitamin D [25(OH)D levels
>20ng/ ml].'"® Based on this classification only 31%
(N=97) of the sample population had normal vitamin D
levels. About 50% (N =170) had vitamin D insufficiency
and 15% (N=49) had vitamin D deficiency (Table 2).
Severe vitamin D deficiency (25(OH)D levels <5ng/ml)
was found in three subjects (1% of the whole population).

The 25(OH)D levels ranged from zero to 4.05 ng/ml in
the severe vitamin D deficiency group. They did not have
any other secondary cause attributable to vitamin D
deficiencies. All of them were urban subjects.

The village and urban subjects were sub-classified
based on 25 (OH) D levels into three groups (Table 2).
The rural population had significantly (P <0.001) higher
25(0OH)D levels compared to the urban group in all the
three sub-categories. One way ANOVA amongst the three
groups (between rural and urban subjects) revealed
significantly (P <0.0001) lower dietary calcium, higher
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phytate/calcium ratio, and higher serum calcium in the
vitamin D deficiency group compared to the vitamin D
insufficient group and the group with normal vitamin D
levels in rural subjects (Table 2).

Discussion

The dietary intake of calcium in first generation normal
Asian Indian immigrants in USA' was found to be less
than two-thirds of the dietary reference intake recommen-
ded for a normal person as per the guidelines of the USA.
Recently the RDA has been revised and redefined as the
Dietary Reference Intake (DRI), which is a collaborative
effort between USA and Canada.”” The RDA for calcium
in India recommended by the Indian Council of Medical
Research (ICMR) is lower than the recently revised
recommendations by the USA and Canada (Table 3).*' >
There is neither a recommendation for dietary intake of
vitamin D nor a monitored food fortification program for
the intake of calcium or vitamin D by ICMR.

The dietary intake in the urban group was high in
calories, milk, milk products and vegetables. The major
cereal consumed was rice, rather than ragi and wheat,
which has lower phytate levels. Even the carbohydrate
portion was occasionally replaced by sweets containing
milk and its products. The dietary calcium intake by the
Tirupati rural population is less than that of the urban
population. Intake of Ragi (rich in phytates) by the rural
population retards the absorption of calcium from the gut.
The daily consumption of milk and milk products was
only 5% of their total energy intake. The other source of
calcium was from leafy vegetables (especially drumstick
leaves). There is no other source of vitamin D in the diets
of the sample population. Nevertheless, the dietary
calcium intakes by both the rural and the urban samples
were much lower than the RDA for calcium as per the
ICMR guidelines (Table 3). These data highlight the high
prevalence of inadequate dietary calcium intake across the
population compared to the RDA. To the best of our
knowledge, there are no population-based studies from
India comparing rural and urban populations with their
dietary habits and 25 (OH) D levels. There are reports of
very low dietary intakes of calcium (<300 mg/day) in
patients with osteomalacia.*** Besides this, it has been
shown in the studies by Panwar et al.,* that the calculated
values for all nutrients are significantly higher than the
analytical values. Hence, a patient with a calculated low
intake of calcium with a background diet containing foods
high in phytates, as in our study, may be more calcium
deficient than calculated from dietary intake data. The
inadequate dietary calcium intake is significant when
viewed in the background of high phytate/calcium ratio
associated with low 25 (OH)D levels.

Phytate in the diet retards the absorption of calcium in
the gut. Though the 25(OH)D levels were high in rural
subjects in all the three groups, the dietary calcium intake
was inadequate with high phytate/calcium ratio compared
to the urban subjects (Table 2). The high phytate/calcium
ratio in the rural subjects retards calcium absorption.
In the present study, all the subjects had adequate sunlight
exposure and the dress code did not affect the exposure
to sunlight. About two-thirds (69%) of the population

Table 3. Recommended Dietary Allowances of calcium in
India and USA

Category India'*"? USA'®
Units mg/day mg/day
Infants

Infants 0—6 months 500 500

Infants 6— 12 months 500 750
Children Boys & Girls

1-9yrs 400 800

10— 15 yrs 500 1200 -1300

16 — 18 yrs 500 1200 -1300
Men 400 800 -1000
Women 400 800 - 1000
Pregnant & Lactating 1000 1200 - 1300

mothers

have low levels of vitamin D. About 15% of the popu-
lation had vitamin D deficiency and 54% had vitamin D
insufficiency. In our study, all patients with severe 25
(OH)D deficiency (<5ng/ml) were from the urban sample.
The significantly higher levels of 25 (OH) D in the rural
population compared to the urban population can be
partly explained by the former group having greater ex-
posure to sunlight as a result of their agricultural occu-
pation.

Vitamin D insufficiency is associated with secondary
hyperparathyroidism (SHPT), which is further amplified
by inadequate calcium intake. Thus, in the background of
low vitamin D levels and inadequate dietary calcium
intakes, when an individual is exposed to the additional
insult of an environmental toxin like fluoride, the clinical
expression of the disease is altered. Various studies have
shown that the effect of an environmental toxin like
fluoride on bone mineral metabolism is severe and more
complex in children with poor dietary calcium intake
when compared to the children with adequate dietary
calcium intake.”” >’

It has also been shown that calcium absorptive
performance of the gut is a function of 25(OH)D status of
an individual.***' When there are low 25 (OH) D concen-
trations, the effective calcium absorption from the gut is
reduced.’’”* This is further amplified by the low dietary
calcium intake. The SHPT consequent to inade-quate
dietary calcium intake and low 25(OH)D concentrations
mobilizes mineral and matrix from the skeleton. This
increases he risk of fractures, especially in post-
menopausal women and elderly patients. These are
further amplified by age related changes with calcium
supplementation.”® High phytate/calcium ratio amplifies
the inadequate dietary calcium intake.

There are several studies documenting that vitamin D
and calcium supplements have synergistic effects in
preventing proximal femoral fractures in postmenopausal
and older patients.’**® The shortcomings of the inade-
quate dietary calcium intake associated with the reduced
bioavailable calcium in the gut due to phytates and age
related calcium conservation in the gut can be overcome
by up-revising the RDA for calcium, restricting phytates
in food and recommending new guidelines for vitamin D.
Monitored food fortification programs are to be imple-
mented at national level so that the existing diets are
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supplemented with food that are rich (or have been
enriched) with calcium.

In summary, two-thirds of the study population (rural
and urban groups) had low vitamin D levels. There is no
RDA proposed by ICMR for vitamin D for the Indian
population. The revised DRI of the USA and Canada®
recommends 400 [U for vitamin D for those aged under
50 and 800IU for those aged 50 plus. The dietary calcium
intake by the urban and rural populations did not meet the
existing RDA by ICMR.

The present study has certain methodological limi-
tations. The urban sample was a sample of convenience
because of logistic and operational reasons. However,
even after taking these limitations into account, our obser-
vations argue strongly for the revision of the RDA for
calcium and new recommendations for the 25(OH)D for
the Indian population. Multicentric studies with a large
sample size are required to generate normal standards for
the purpose of nationally relevant guidelines.
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