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ABSTRACT
Background: Data on the vitamin D status of the population in a
tropical country such as India have seldom been documented. Vita-
min D deficiency is presumed to be rare.
Objective: The objective was to document the dietary habits and
concentrations of serum calcium, 25-hydroxyvitamin D [25(OH)D],
and parathyroid hormone of Indian urban and rural populations.
Design: Healthy urban (n � 943) and rural (n � 205) subjects were
studied for their dietary pattern and concentrations of serum calcium,
phosphorus, alkaline phosphatase, 25(OH)D, and immunoreactive
parathyroid hormone.
Results: The daily dietary calcium intake of both the urban and rural
populations was low compared with the recommended dietary al-
lowances issued by the Indian Council of Medical Research. Dietary
calcium and phosphorous were significantly lower in rural adults
than in urban adults (P � 0.0001). The dietary phytate-to-calcium
ratio was higher in rural subjects than in urban subjects
(P � 0.0001). The 25(OH)D concentrations of the rural subjects
were higher than those of urban subjects (P � 0.001), both men and
women. In the rural subjects, 25(OH)D-deficient (�20 ng/mL),
-insufficient (20–30 ng/mL), and -sufficient (�30 ng/mL) states
were observed in 44%, 39.5%, and 16.5% of the men and 70%, 29%,
and 1% of the women, respectively. In the urban subjects, 25(OH)D-
deficient, -insufficient, and -sufficient states were observed in 62%,
26%, and 12% of the men and 75%, 19%, and 6% of the women,
respectively.
Conclusions: Low dietary calcium intake and 25(OH)D concentra-
tions were associated with deleterious effects on bone mineral ho-
meostasis. Prospective longitudinal studies are required to assess the
effect on bone mineral density, a surrogate marker for fracture risk
and fracture rates. Am J Clin Nutr 2007;85:1062–7.
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INTRODUCTION

Nutritional factors play a vital role in the bone homeostasis.
During infancy, childhood, and adolescence, increasing dietary
calcium intake favors bone mineral accrual (1). Adequate cal-
cium intake along with vitamin D helps to maintain bone mineral
mass attained at the end of the growth period (ie, the peak bone
mass). Serum 25-hydroxyvitamin D [25(OH)D] concentration is
the most reliable indicator of vitamin D adequacy (2). The pro-
duction of 25(OH)D is not regulated, and the serum concentra-
tion thus reflects both cutaneous synthesis and absorption from

diet. Although vitamin D deficiency [25(OH)D concentrations
�20 ng/mL] is associated with osseous changes (rickets or os-
teomalacia), vitamin D insufficiency [25(OH)D concentrations
between 20 and 30 ng/mL] is associated with secondary hyper-
parathyroidism (SHPT) and negative skeletal consequences.
Low dietary calcium intake further amplifies the parathyroid
response to vitamin D insufficiency. The SHPT, which ensues,
mobilizes mineral and matrix from skeleton and leads to an
enhanced bone loss and a high risk of fracture (3–6). Vitamin D
deficiency or poor dietary calcium intake can together lead to a
defect in mineralization of bone (rickets in children; osteomala-
cia in adults). Rickets and osteomalacia are known to develop in
immigrant Indians who migrate away from the equator (7–10).
This was attributed to the poor cutaneous synthesis of vitamin D
resulting from pigmentation and inadequate sunlight exposure
along with a low dietary calcium intake. 25(OH)D deficiency
was presumed to be rare in tropical countries such as India, and
also the data on the vitamin D status of this population has seldom
been documented.

Previously, we reported the prevalence of low 25(OH)D con-
centrations in India in a group of healthy subjects and in patients
with primary hyperparathyroidism (11). Later, other reports en-
sued (12–14). It is surprising to find low concentrations of
25(OH)D in healthy subjects in a country with abundant sun-
shine. So far, no large population-based study has documented
the dietary habits and serum concentrations of calcium,
25(OH)D, and parathyroid hormone of the Indian population.
We studied these aspects in subjects residing at Tirupati and the
surrounding villages.

SUBJECTS AND METHODS

The study was conducted in 943 urban and 205 rural healthy
subjects of Tirupati, southern Andhra Pradesh, India (lat 13.4°N,
long 79.2°E). In the urban and rural locations, the average dura-
tion of cloud-free sunshine is �8-10 h/d throughout the year with
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the solar zenith angle of 9.92° in summer and 38.2° in winter. The
UV index at the above-said latitude during those periods is 7–12.
Winter is short with lowest temperature of 17 °C (night) and
28 °C (day) with scanty rainfall. Most often, there is a little
seasonal variation of the peak intensity of sunlight.

Medical and paramedical personnel and their relatives and
postmenopausal women and their relatives constituted the urban
population. The rural population included men and women who
were included after a demographic survey. Patients with hepatic,
renal, or dermatological disorders; alcoholics; and pregnant
women were excluded from the study.

The dietary assessment of total energy, calcium, phosphorus,
and phytates were documented by recalling the diet consumed in
the previous 5-7 d. The documentation of dietary pattern was by
a single observer. The validity and repeatability of the documen-
tation was rechecked at random by one of us over the period of the
study. From the raw weights, the intakes of total energy, calcium,
phosphorus, and phytate were calculated with the use of a pub-
lished food composition table, detailing the nutritive value of
Indian foods (15). Because the ratio of dietary phytates to cal-
cium is more predictive of the severity of interference of calcium
absorption than is dietary calcium alone, the phytate-to-calcium
ratio was calculated (12). For all patients, venous blood samples
were collected in the fasting state without applying a tourniquet
for the estimation of serum calcium, phosphorus, alkaline phos-
phatase (SAP), creatinine, and albumin, and samples for
25(OH)D and immunoreactive parathyroid hormone (N-tact
PTH) were placed on ice. The serum was separated in a refrig-
erated centrifuge at 700 � g at 4 °C for 10 min and stored at
–20 °C until the analysis for determining 25(OH)D and N-tact
PTH. The blood samples collected from the rural population
were transported in cool packs until they were separated and
stored for further analysis.

The serum concentrations for calcium, phosphorus, alkaline
phosphatase, creatinine, and albumin were determined by an
automated analyzer (CX 9; Beckman, Brea, CA) with the use of
commercial kits. The normal laboratory range for serum calcium
is 8.5-10.5 mg/dL, serum phosphorus is 2.5-4.5 mg/dL, and SAP
is �95 IU/L.

The 25(OH)D concentrations were measured by competitive
radioimmunoassay after acetonitril extraction (DiaSorin, Still-
water, MN; catalog no. 68100E). The minimal detectable limit of
the 25(OH)D assay is 1.5 ng/mL. N-tact PTH was measured by
immunoradiometric assay (DiaSorin; catalog no. 26100). The
minimal detectable limit of the N-tact PTH assay is 0.7 pg/mL.

The subjects were classified as vitamin D–deficient, –insuffi-
cient, or –sufficient on the basis of 25(OH)D concentrations of
�20 ng/mL, 20-30 ng/mL, and �30 ng/mL, respectively, ac-
cording to recent consensus (16–18).

Descriptive results are presented as mean � SEM. Student’s t
test was used to compare the differences between the urban and
the rural subjects. Pearson’s coefficient was calculated for the
correlation. P values � 0.05 were considered significant. Anal-
ysis of variance was used to estimate the main effects and inter-
actions. Tukey’s test was used to identify the groups that are
homogenous with respect to mean. Analysis was performed with
the use of SPSS (version 11.5; SPSS Inc, Chicago, IL).

RESULTS

A total of 1148 subjects were evaluated during the study. The
mean age was 46 � 0.43 y for urban subjects and 43 � 1.01 y for
rural subjects. Urban subjects were fully dressed with only the
face and forearm exposed to sunlight with a white-collar job
(working indoors between 1000 and 1700). Those subjects not in
a job are indoors most of the time. The rural subjects are agri-
cultural workers starting their day at 0800 and working outdoors
until 1700 with their face, chest, back, legs, arms, and forearms
exposed to sunlight.

The diet of urban subjects constituted �2200 kcal/d. Carbo-
hydrates contributed 55% of the total energy intake, proteins
10%, and fat 10%. Vegetables contributed 10% of the total en-
ergy intake, and milk and milk products contributed 15%. The
carbohydrate source was primarily from cereals with rice pro-
viding 50% of total carbohydrates, wheat 25%, and Ragi (Ele-
usine coracana) 25%. Vegetable sources included amaranth
leaves, cauliflower, carrots, ladies fingers, other seasonal vege-
tables, and tubers. Animal sources of protein were consumed
once a week. The diet of rural subjects consisted of �1700 kcal/d.
Carbohydrates contributed 75% of the total energy intake, pro-
teins 10%, fat 5%, vegetables 5%, and milk and milk products
5%. The carbohydrate source was from cereals (rice: 60%; Ragi:
40%). Vegetable sources were drumstick leaves, brinjals, toma-
toes, and so forth. Animal sources of protein were consumed
once fortnightly. No other source of calcium or any other mineral
was consumed in both groups.

The daily dietary calcium intake of both rural and urban sub-
jects was low (Table 1) when compared with that of the recom-
mended dietary allowance (RDA) of 400 mg/d for adults (both
sexes) issued by the Indian Council of Medical Research (ICMR)

TABLE 1
Comparison of dietary intake of urban and rural groups1

Men Women

Urban
(n � 32)

Rural
(n � 109)

Urban
(n � 476)

Rural
(n � 96)

Dietary calcium (mg/d) 323 � 8 (307, 340) 271 � 3 (263, 280) 306 � 2 (302, 310) 262 � 3 (253, 271)
Dietary phosphorus (mg/d) 674 � 17 (640, 707) 493 � 9 (475, 511) 651 � 9 (643, 660) 481 � 10 (462, 501)
Phytate-to-calcium ratio 0.5 � 0.02 (0.47, 0.54) 0.76 � 0.01 (0.74, 0.78) 0.51 � 0.01 (0.50, 0.52) 0.76 � 0.01 (0.74, 0.78)

1 All values are x� � SEM; 95% CIs in parentheses. Recommended dietary allowance of calcium in diet recommended by the Indian Council of Medical
Research is 400 mg/d in adults. There was no significant interaction between sex and location (urban and rural). The main effects of sex and dietary calcium
were significant, P � 0.012. Significant location (urban and rural) � dietary calcium., location (urban and rural) � dietary phosphorus, and location (urban
and rural) � phytate-to-calcium ratio interactions were observed, P � 0.0001.
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for the Indian population (Table 1). Dietary intake of calcium and
phosphorus were significantly lower (P � 0.0001) in the rural
subjects than in the urban subjects. The dietary phytate-to-
calcium ratio was significantly (P � 0.0001) higher in the rural
subjects (Table 1).

Dietary phytate correlated positively with dietary calcium in
the urban subjects (r � 0.55, P � 0.001) and rural subjects (r �
0.36, P � 0.0001) (Figure 1). Dietary calcium intake correlated
negatively with the phytate-to-calcium ratio in urban subjects
(r � �0.28, P � 0.0001) and in rural subjects (r � �0.43, P �
0.0001). The r values are significantly different from each other
(P � 0.039). The phytate-to-calcium ratio correlated positively
with N-tact PTH (r � 0.2, P � 0.01) and SAP (r � 0.3, P �
0.0001).

Thus, the diet of both the rural and urban subjects was far
below the RDA of calcium recommended by ICMR. The diet in
rural subjects had a high phytate-to-calcium ratio, thus retarding

the absorption of already low intakes of dietary calcium. The
main effects of sex and dietary calcium are significant (P �
0.012). Significant interactions for location (urban and rural) �
dietary calcium, location (urban and rural) � dietary phosphorus,
and location (urban and rural) � phytate-to-calcium ratio were
observed (P � 0.0001).

The serum calcium concentration of the urban and rural sub-
jects was within the normal range (Table 2). The serum concen-
trations of phosphorus and SAP were in the normal range in both
the urban and rural subjects. The 25(OH)D concentrations of
rural subjects were significantly higher (P � 0.001) than that of
urban subjects in both the male and female groups (Table 2). A
significant interaction of sex � location (urban and rural) was
observed for SAP (P � 0.032). The main effect of sex is signif-
icant for 25(OH)D (P � 0.0001). The main effect of location
(urban and rural) is significant on all indicators except N tact-
PTH (P � 0.0001 for each).

TABLE 2
Comparison of biochemical and hormonal profiles of urban and rural groups1

Men Women

PUrban Rural Urban Rural

Serum calcium (mg/dL) 9.74 � 0.06 (9.63, 9.85)
[100]

10.06 � 0.06 (9.95, 10.2)
[109]

9.68 � 0.02 (9.64, 9.73)
[678]

9.98 � 0.06 (9.87, 10.15)
[96]

� 0.0012

Serum phosphorus (mg/dL) 3.50 � 0.07 (3.37, 3.64)
[99]

2.84 � 0.07 (2.27, 2.97)
[109]

3.64 � 0.03 (3.59, 3.69)
[679]

2.74 � 0.07 (2.79, 3.09)
[96]

� 0.0012

SAP (IU/L) 84.87 � 3.87 (78.85, 90.9)
[98]

55.67 � 2.07 (49, 61)
[109]

80.4 � 3.07 (78, 90.17)
[683]

62.7 � 3.41 (56, 69.4)
[96]

� 0.0012

0.0323

25(OH)D (ng/mL) 18.54 � 0.8 (17, 20)
[134]

23.73 � 0.8 (22, 25)
[109]

15.5 � 0.3 (14.9, 16)
[807]

19 � 0.89† (17.54, 21)
[96]

� 0.0012

� 0.014

N-tact PTH (pg/mL) 27 � 1.6 (23.9, 30)
[135]

29.24 � 1.6 (26, 32.35)
[109]

28.35 � 0.6 (27, 29.5)
[803]

29.21 � 1.7 (25.75, 32.7)
[96]

1 All values are x� � SEM; 95% CIs in parentheses; n in brackets. SAP, serum alkaline phosphatase; 25(OH)D, 25-hydroxyvitamin D; N-tacts-PTH,
immunoreactive parathyroid hormone. To convert 25(OH)D from ng/mL to nmol/L, multiply by 2.5.

2 Main effect of location (urban and rural).
3 Interaction between sex � location (urban and rural).
4 Main effect of sex.
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FIGURE 1. Relation between dietary calcium and phytates in urban (r � 0.55, P � 0.0001) and rural (r � 0.36, P � 0.0001) locations. The difference in
the r values is significant. A significant difference was observed between intercepts for rural and urban subjects (P � 0.0001). A significant difference was
observed in the correlations between urban and rural locations by Dummy Variable regression (P � 0.0001). A significant decrease in dietary calcium of 73.761
mg/d was observed when shifting from the urban (slope � 0.366) to the rural (slope � 0.335) location; the difference is not significant (P � 0.6383).
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In the rural subjects, vitamin D–deficient, –insufficient, and
–sufficient states were observed in 44%, 39.5%, and 16.5% of the
men and 70%, 29%, and 1% of the women, respectively. In the
urban subjects, vitamin D–deficient, –insufficient, and –suffi-
cient states were observed in 62%, 26%, and 12% of the men and
75%, 19%, and 6% of the women, respectively.

N-tact PTH concentrations were negatively correlated with
25(OH)D in rural subjects (r � �0.24, P � 0.002) and in urban
subjects (r � �0.12, P � 0.0001) (Figure 2). No significant
difference was observed in the r values between rural and urban
subjects. In rural subjects, the N-tact PTH concentrations corre-
lated negatively with serum phosphorus (r � �0.3, P � 0.001)
and positively with SAP (r � 0.3, P � 0.0001). Similar corre-
lation was seen in the urban subjects. The r value for correlation
between N-tact PTH and serum phosphorus was significantly
higher in urban subjects than in rural subjects (P � 0.001).

DISCUSSION

Reports were recently made of a high prevalence of subopti-
mal dietary calcium intake and 25(OH)D insufficiencies in south
Indian populations (19, 20). A few reports available from north
India are from a group of healthy subjects (12) of urban and
semiurban children (21). The study reporting on a small group of
healthy adult subjects is limited for interpretation because of
critical values of 25(OH)D concentrations used for the definition
of vitamin D deficiency and vitamin D insufficiency (22, 23). In
India, metabolic bone disease secondary to dietary calcium in-
sufficiency and 25(OH)D deficiency is prevalent. There are no
reports of large population-based studies from other parts of the
country.

The dietary intake of calcium of first-generation healthy Asian
Indian immigrants in the United States (24) was found to be less
than two thirds of the dietary reference intake recommended for
a healthy person in the United States. Recently, the RDA was
revised and redefined as the dietary reference intake, which is a
result of collaborative effort between the United States and Can-
ada (25). The RDA for calcium in India as recommended by the
ICMR is lower than the recently revised dietary reference intake
(Table 3) (15, 25–28). Milk is not fortified with calcium or
vitamin D in India.

The dietary calcium intake by both the rural and urban subjects
(Table 1) was much lower than the RDA of calcium recom-
mended by the ICMR guidelines (15). Intake of a diet rich in
phytate (inositol hexaphosphate) retards the absorption of cal-
cium from the gut. Inositol hexaphosphate forms chelates with
divalent cations of calcium and reduces the absorption of calcium
from the gut. Studies by Panwar et al (29) have shown that the
calculated values for all nutrients are significantly higher than the
analytic values. Hence, a patient with a calculated low intake of
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FIGURE 2. Relation between serum concentrations of immunoreactive parathyroid hormone (N-tact PTH) and 25-hydroxyvitamin D [25(OH)D] by
category in the urban group (F and dashed line, n � 943) and the rural group (Œ and solid line, n � 205). The categories of 25(OH)D concentration were
�10 ng/mL (urban, n � 197; rural, n � 5), 10.1–20 ng/mL (urban, n � 490; rural, n � 110), 20.1 �30 ng/mL (urban, n � 189; rural, n � 71), and �30 ng/mL
(urban, n � 67; rural, n � 19). Significant parabolic trend is observed between 25(OH)D concentrations and N-tact PTH (model shown in figure). The relation
between N-tact PTH and 25(OH)D is well modeled by a second-degree curve with a downward slope for urban (R2 � 0.016; P � 0.0001) and rural (R2 � 0.06;
P � 0.0001) locations. A steep decrease in N-tact PTH is observed in rural subjects with relation to 25(OH)D when compared with urban subjects. The main
effects of sex and location (urban and rural) are significant (P � 0.05). The effect of 25(OH)D concentrations � N-tact PTH is significant (P � 0.0001). The
effect of location (urban and rural) on 25 (OH)D is significant (P � 0.001). The effect of sex on 25(OH)D is significant (P � 0.001). The effect of 25(OH)D
on N-tact PTH is significant in rural men (P � 0.05), rural women (P � 0.03), urban men (P � 0.0001), and urban women (P � 0. 0001). No significant sex
� location (urban and rural) interaction was observed on 25(OH)D concentrations. Serum N-tact PTH in the �10 ng/mL group was significantly different from
other groups (Tukey’s test).

TABLE 3
Recommended dietary allowances of calcium in India and the United
States

India1 United States2

mg/d
Men 400 800–1000
Women 400 800–1000
Pregnant and lactating mothers 1000 1200–1300

1 Recommendation from food composition table (15).
2 Recommendation from Sallamander concepts (25).
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calcium with the background of a diet that contains foods high in
phytates, as in the current study, may be more calcium deficient
than calculated from dietary intake data.

The quality of the diet in rural subjects was low in calcium and
high in the phytate-to-calcium ratio compared with the urban
diet; hence, the rural subjects are more affected. Although for
rural subjects more body surface area is exposed to sunlight for
longer durations by virtue of their occupation, the poor quality of
diet impedes the bone homeostasis significantly.

The calcium absorptive performance of the gut is a function of
a person’s 25(OH)D status (30, 31). When the 25(OH)D con-
centrations are low, the effective calcium absorption from the gut
is reduced (30, 31). It was shown that low dietary calcium con-
verts the 25(OH)D to polar metabolites in the liver and leads to
secondary 25(OH)D deficiency (32). The SHPT that ensues in-
creases the risk of fractures, especially in postmenopausal
women and elderly patients.

Also, low calcium intake increases PTH which increases con-
version of 25(OH)D to 1,25-dihydroxyvitamin D which, in turn,
stimulates the intestinal calcium absorption. In addition, 1,25-
dihydroxyvitamin D induces its own destruction by increasing
24-hydroxylase. This is the likely explanation for the low
25(OH)D concentrations in persons on a high-phytate or a low-
calcium diet.

In the present study, low prevalence of 25(OH)D deficiency
was seen in rural male subjects compared with that of the urban
male subjects. The same observation was made for the women.
This is probably due to occupation, dress code, and duration of
exposure to sunlight of the rural subjects, who are agricultural
laborers working for �8 h/d in sunlight. In the region of this study
season has little impact on cutaneous synthesis of vitamin D.
There are reports of low dietary intakes of calcium (�300 mg/d)
from the Indian subcontinent causing osteomalacia (33, 34) and
in postmenopausal women (19, 35), children (21), and pregnant
women and their offspring (36).

The work in baboons has shown the effect of low dietary
calcium intake on the development of rickets among vitamin
D–deficient animals (37, 38). The studies in rat models (37, 38)
have shown that a low-calcium diet or a high-phytate diet re-
sulted in increased catabolism of 25(OH)D concentrations, lead-
ing to the formation of inactive metabolites with resultant reduc-
tion in 25(OH)D concentrations. It was also proposed that the
pathogenesis of rickets in the Asian community in the United
Kingdom is attributable to a high-cereal, low-calcium diet which
induces mild hyperparathyroidism (39). Thus, the role of low
dietary calcium intake in the pathogenesis of 25(OH)D defi-
ciency is probably greater than originally recognized.

To the best of our knowledge, the current study is the first to
investigate and compare the relation among the dietary calcium
intakes, biochemical indicators of bone and mineral metabolism,
and vitamin D status in rural and urban subjects. There are meth-
odologic limitations in this study such as the urban subjects are
a sample of convenience. More subjects in all age groups in both
sexes in urban and rural locations in different parts of the country
should be studied in the future. Still, this study clearly brings
forth the low dietary calcium intake of both the urban and rural
subjects, high-phytate content of the rural diet, and the limited
exposure of the urban subjects to sunlight. This could have a
deleterious effect on bone mineral homeostasis and peak bone
mass achieved, and it subsequently reflects as a low bone mineral

density of the Indian population (14). Low 25(OH)D concentra-
tions were associated with a deleterious effect on bone mineral
homeostasis. Prospective longitudinal studies are required to
assess the effect on bone mineral density, a surrogate marker for
fracture risk or fracture rates.
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conducted the literature survey; performed the statistical analysis; and wrote
and edited the manuscript. KVSS helped in the statistical analysis. TR was
involved in the dietary survey. UVP, DS, and EGTVK helped in verification
of the dietary survey and performed the 25(OH)D and N tact PTH assays.
PVLNS supervised the biochemical estimations. None of the authors had a
personal or financial conflict of interest.

REFERENCES
1. Parfitt AM, Gallagher JC, Heaney RP, Johnston CC, Neer R, Whedon

GD. Vitamin D and bone health in the elderly. Am J Clin Nutr 1982;35:
1014–31.

2. Weaver CM, Fleet JC. Vitamin D requirements: current and future. Am J
Clin Nutr 2004;80(suppl):1735S–9S.

3. Villareal DT, Civitelli R, Chines A, Avioli LV. Sub clinical vitamin D
deficiency in postmenopausal women with low vertebral bone mass.
J Clin Endocrinol Metab 1991;72:628–34.

4. Mezquita-Raya P, Munoz-Torres M, Luna JDD, et al. Relationship be-
tween vitamin D insufficiency, bone density and bone metabolism in
healthy postmenopausal women. J Bone Miner Res 2001;16:1408–15.

5. Holick MF. Vitamin D, the underappreciated D-lightful hormone that is
important for skeletal and cellular health. Curr Opin Endocrinol Diabetes
2000;9:87–98.

6. Szulc P, Meunier PJ. Synergistic effect of vitamin D and calcium in
preventing proximal femoral fractures in older patients. Joint Bone Spine
2003;70:157–60.

7. Preece MA, Ford JA, MacIntosh WB, Dunnigan MG, Tomlinson S,
O’Riordan JLH. Vitamin D deficiency among Asian immigrants to Brit-
ain. Lancet 1973;1:907–10.

8. Dent CE, Rowe DJF, Round JM, Stamp TCR. Effect of chapattis and
ultraviolet irradiation on nutritional rickets in Indian immigrants. Lancet
1973;1:1282–4.

9. Awumey EM, Mitra DA, Hollis BW, Kumar R, Bell NH. Vitamin D
metabolism is altered in Asian Indians in the southern United Status: a
clinical research center study. J Clin Endocrinol Metab 1998;83:169–73.

10. Gibson RS, Bindra GS, Nizan P, Draper HH. The vitamin D status of East
Indian Punjabi immigrants to Canada. Br Jr Nutr 1987;58:23–9.

11. Harinarayan CV, Gupta N, Kochupillai N. Vitamin D status in primary
hyperparathyroidism in India. Clin Endocrinol (Oxf). 1995;43:351–8.

12. Goswami R, Gupta N, Goswami D, Marwaha RK, Tandon N, Kochupillai
N. Prevalence and significance of low 25-hydroxy D concentrations in
healthy subjects in Delhi. Am J Clin Nutr 2000;72:472–5.

13. Agarwal KS, Mughal MZ, Upadhyay P, Berry JL, Marwer EB, Puliyel
JM. The impact of atmospheric pollution on vitamin D status of infants
and toddlers in Delhi, India. Arch Dis Child 2002;87:111–3.

14. Arya V, Bhambari R, Godbole MM, Mithal A. Vitamin D status and its
relationship with bone mineral density in healthy Asian Indians. Osteo-
porosis Int 2004;1:56–61.

15. Food composition table. In: Gopalan C, Sastri BVR, Balasubramanyam
SC, eds. Nutritive value of Indian foods. Hyderabad, India: National
Institute of Nutrition ICMR, 1996:Appendix 1:92–4.

16. Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ, Vieth
R. Estimates of optimal vitamin D status. Osteoporos Int 2005;
16:713–6.

17. Grant WB, Holick MF. Benefits and requirements of vitamin D for
optimal health: a review. Altern Med Rev 2005;10:94–111.

18. Hollis BW. Circulating 25-hydroxyvitamin D levels indicative of vita-
min D sufficiency: implications for establishing a new effective dietary
intake recommendation for vitamin D. J Nutr 2005;135:317–22.

19. Harinarayan CV, Ramalakshmi T, Venkataprasad V. High prevalence of
low dietary calcium and low vitamin D status in healthy south Indians.
Asia Pac J Clin Nutr 2004;13:359–65.

20. Shatrugna V, Kulkarni B, Kumar PA, Rani KU, Balakrishna N. Bone

1066 HARINARAYAN ET AL

 by on D
ecem

ber 10, 2008 
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org


status of Indian women from low income group and its relationship to the
nutritional status. Osteop Int 2005;16:1827–35.

21. Marwaha RK, Tandon N, Reddy DR, et al. Vitamin D and bone mineral
density status of healthy schoolchildren in northern India. Am J Clin Nutr
2005;82:477–82.

22. Tandon N, Marwaha RK, Kalra S, Gupta N, Dudha A, Kochupillai N.
Bone mineral parameters in healthy young Indian adults with optimal
vitamin D availability. Nat Med J India 2003;16:298–302.

23. Harinarayan CV. What’s in a name: 25(OH)D or 25(OH)D3? Natl Med
J India 2004;17:114–5 (letter).

24. Jonnalagadda SS, Diwan S. Nutrient intake of first generation Gujarati
Asian Indian immigrants in the U.S. J Am Coll Nutr 2002;21:372–80.

25. Sallamander Concepts. RDA–Recommended Dietary Allowance of nu-
tritional elements. Internet: http://www.anyvitamins.com/rda.htm (ac-
cessed on 16 January 2006).

26. Swaminathan M. Recommended dietary intake of nutrients. New Delhi,
India: Indian Council of Medical Research, 1981.

27. Recommended Dietary Allowances. In: Essentials of food and nutrition:
fundamental aspects. Vol 1. Bangalore, India: Bappco Pub, 1997:508–
21.

28. Institute of Medicine, Standing Committee on Scientific Evaluation of
Dietary Reference Intakes. Calcium. In: Dietary Reference Intakes for
calcium, phosphorus, magnesium, vitamin D, and fluoride. Washington
DC: National Academy Press, 1997:71–145.

29. Panwar B, Punia D. Analysis of composite diets of rural pregnant women
and comparison with calculated values. Nutr Health 2000;14:217–23.

30. Heaney RP, Dowell MS, Hale CA, Bendich A. Calcium absorption
varies within the reference range for serum 25-hydroxyvitamin D. J Am
Coll Nutr 2003;22:142–6.

31. Heaney RP. Vitamin D depletion and effective calcium absorption.
J Bone Miner Res 2003;18:1342 (letter).

32. Clements MR, Johnson L, Fraser DR. A new mechanism for induced
vitamin D deficiency in calcium deprivation. Nature 1987;325:62–5.

33. Rajeswari J, Balasubramanian K, Bhatia V, Sharma VP, Agarwal AK.
Aetiology and clinical profile of osteomalacia in adolescent girls in
northern India. Natl Med J India 2003;16:139–42.

34. Mathew JT, Seshadri MS, Thomas K, Krishnaswami H, Cherian AM.
Osteomalacia–fifty-five patients seen in a teaching institution over a
4-year period. J Assoc Physicians India 1994;42:692–4.

35. Harinarayan CV. Prevalence of vitamin D insufficiency in postmeno-
pausal south Indian women. Osteop Int 2005;16:397–402.

36. Sachan A, Gupta R, Das V, Agarwal A, Awasthi PK, Bhatia V. High
prevalence of vitamin D deficiency among pregnant women and their
new borns in north India. Am J Clin Nutr 2005;81:1060–4.

37. Mellanby E. An experimental investigation on rickets. Lancet 1919;1:
407–12.

38. Sly MR, van der Walt WH, Du Bruyn D, Pettifor JM, Marie PJ. Exac-
erbation of rickets and osteomalacia by maize: a study of bone histo-
morphometry and composition in young baboons. Calcif Tissue Int
1984;36:370–9.

39. Clements MR. The problem of rickets in UK Asians. J Hum Nutr Diet
1989;2:105–16.

DIETARY CALCIUM AND 25(OH)D STATUS OF SOUTH INDIANS 1067

 by on D
ecem

ber 10, 2008 
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org

