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Abstract We aimed to estimate metabolic bone profile in a

large cohort of healthy, adult Indian population to generate

reference standards of serum calcium, phosphate and

alkaline phosphatase (ALP), 25 (OH) Vitamin D and iPTH,

and also to find out the prevalence of Vitamin D deficiency

in healthy population. Apparently healthy people in the age

group of 20–80 years, residing in the union territory of

Chandigarh were chosen. Fasting samples for serum cal-

cium, phosphate, albumin, alkaline phosphatase (ALP), 25

(OH) D and iPTH were collected and were processed on

the same day. We recruited 930 healthy subjects from

different subsectors of Chandigarh. Final analysis was done

for 915 subjects. Out of this, 530 (58%) were women and

385 (42%) were men. The study participants were divided

into two groups, less than and more than 50 years for the

men and pre and post-menopausal for the women. The

serum calcium, phosphate, ALP and iPTH were signifi-

cantly higher in the post-menopausal women compared to

the pre-menopausal women. The median plasma 25 (OH)

D in men and women was 12.5 ng/mL and 14.3 ng/mL,

respectively. 25 (OH) D deficiency was seen in 65.4% of

individuals. 25 (OH) D levels co-related negatively with

iPTH levels (r = - 0.4, p\ 0.0001), and showed an

increasing trend with age. We have thus presented meta-

bolic bone profile of healthy, adult north Indian population.

These reference values can be used for diagnosis and

monitoring of various MBDs. Vitamin D deficiency is still

rampant in our population in spite of increasing awareness.
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Introduction

Metabolic bone disease (MBD) is the third most common

cause of endocrine disorders [1]. It includes a wide spec-

trum of disorders which encompasses rickets, osteomala-

cia, osteoporosis and primary hyperparathyroidism.

& Sanjay Kumar Bhadada

bhadadask@gmail.com; bhadadask@rediffmail.com

Anshita Aggarwal

anshilh10@gmail.com

Sant Ram

drsantram2016@gmail.com

Abhilasha Garg

garg_abhimansa@yahoo.co.in

Rimesh Pal

rimesh.ben@gmail.com

Anil Bhansali

anilbhansaliendocrine@gmail.com

Priyanka Singh

priyankasingh3009@gmail.com

Sadhna Sharma

sadhnabiochem@gmail.com

J. S. Thakur

jsthakur64@gmail.com

Naresh Sachdeva

naresh_sach@rediffmail.com

1 Department of Endocrinology, PGIMER, Chandigarh, India

2 Department of Biochemistry, PGIMER, Chandigarh, India

3 Department of Community Medicine, PGIMER, Chandigarh,

India

123

Ind J Clin Biochem (Jan-Mar 2021) 36(1):67–73

https://doi.org/10.1007/s12291-019-00857-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s12291-019-00857-6&amp;domain=pdf
https://doi.org/10.1007/s12291-019-00857-6


Alterations in calcium-phosphate homeostasis, disorders of

bone mineralization, and abnormalities of bone mass form

the pathophysiological basis of metabolic bone diseases.

Prevention, early diagnosis, and timely treatment can

reduce morbidity and mortality related to MBD. Diagnosis

of MBD requires a battery of tests like serum calcium

profile [serum calcium, phosphate, albumin, and alkaline

phosphatase (ALP)], 25 hydroxy vitamin D [25 (OH) D],

parathyroid hormone (iPTH), skeletal survey, bone histol-

ogy and molecular (genetic) workup [2]. Out of these,

serum calcium profile is the preliminary investigation and

is often alone able to clinch a majority of the diagnosis

related to MBD.

The calcium profile and normal reference range

parameters are dependent upon nutrition and vitamin D

status as well as the method of measurement. In addition to

this, calcium profile needs to be revised periodically with

the changing nutritional and vitamin D status of the com-

munity. The normative data of the metabolic bone profile is

available for the pediatric population from India. To the

best of our literature search, well-planned and dedicated

studies to generate normative data for metabolic bone

profile for healthy, adult Indian population are scarce.

Given this scarcity of data on metabolic bone profile,

this present study was planned, to estimate metabolic bone

profile in a large cohort of the healthy, adult Indian pop-

ulation in Chandigarh to generate reference standards of

serum calcium, phosphate, alkaline phosphatase (ALP),

25(OH) D and iPTH. We also wished to see the change in

trends of these parameters with age, menopausal status and

between the genders.

The population of the Union territory of Chandigarh

according to 2011 Census is 10,54,686. It is a growing

economy, with the population density having increased

nine-folds in the last 5 decades. The per capita income of

Chandigarh is Rupees 67,370 which is the highest in the

country. We can extrapolate these facts to believe the liv-

ing standards and nutritional status of Chandigarh are

optimum for a demographic study involving healthy indi-

viduals to be planned here. In our study, we recruited

individuals who were either natives of Chandigarh or had

been residing in Chandigarh for at least the last 5 years.

Materials and Methods

In this cross-sectional study, healthy, adult volunteers were

recruited from the community (from Dec 2016 till May

2018), as a part of the Chandigarh Urban Bone Epidemi-

ological Study (CUBES).The sample size was calculated

following the recommendations of the Clinical Laboratory

Standards Institute (CLSI) [3],with a power of study more

than 80%. Sample size thus came out be 915. All selected

participants were duly pre-informed about the study and

written informed consent was taken from each participant.

The study was approved by the institute ethics committee.

Recruitment of Volunteers

Healthy people in the age group of 20–80 years were

chosen. These individuals were chosen from 4 sectors from

within the Union Territory of Chandigarh. Sectors were

chosen randomly, by lottery method, and houses within

each sector were chosen by systematic random sampling,

by selecting every fifth house from a random starting point.

‘Kish method’ was used to select members from within

each household, from amongst the members who were

fulfilling the inclusion criteria [4]. This method uses a pre-

assigned table of random numbers to find the person to be

interviewed. The participants were recruited in equal

number from each sector. A pre-formed proforma com-

prising of questions on demography, personal history,

history of intake of milk and milk-based products, history

of medications including vitamin D supplements was filled

for the chosen individual, via a house-to-house visit. Bio-

chemical investigations including renal function test, liver

function test, HbA1c, and thyroid profile were planned for

each individual. Those individuals who had chronic sys-

temic illnesses such as diabetes mellitus, chronic renal and

liver disease, or endocrine diseases like hyperthyroidism,

primary hyperparathyroidism were excluded from the

study. Also, those who had a current fracture or were on

medications likely to affect bone health were excluded.

Collection of Samples

The recruited volunteers were given a reminder telephon-

ically to remain fasting a night before the day of sampling.

Fasting samples were collected between 7 and 8 am.

Samples for serum calcium, phosphate, albumin and alka-

line phosphatase (ALP) were collected in plain vials.

Sample for 25(OH) D was collected in EDTA vials and

sample for iPTH was collected in pre-chilled EDTA vials

which were placed and transported in the cold chain.

Samples were processed on the same day at Endocrinology

and Biochemistry laboratories of Postgraduate Institute of

Medical Education and Research, Chandigarh, India.

Serum calcium, albumin, phosphorus and ALP levels were

assessed by random access autoanalyzer (Beckman coulter

5811).

The reference range for calcium as per the kit is

8.6–10.3 mg/dL. The intra assay coefficient of variation

(CV) was 1.34%. The reference range for albumin is

3.5–5.7 g/dL. The intra assay CV for albumin was 1.5%.

The reference range for phosphorus is 3.7–7.2 g/dL. The

intra assay CV for phosphorous was 1.5%. The reference
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range for ALP is 34–104 U/L. The intra assay CV for ALP

was 1.5%.

Plasma iPTH and 25(OH) D were measured by chemi-

luminescence assay using commercially available kits

(Elecsys 2010 system, Roche diagnostic, Switzerland).

Vitamin D deficiency was defined as plasma 25(OH) D

levels\ 20 ng/mL, insufficiency as plasma 25(OH) D

levels between 20 and 30 ng/mL and sufficiency as plasma

25(OH) D levels[ 30 ng/mL [5].

Statistical Analysis

GraphPad Prism 5 was used for data analysis. Kol-

mogorov–Smirnov test was applied to check for normality

of data. Student T test was used to compare the means of

two groups for parametric data and Mann–Whitney U test

for non-parametric data. ANOVA was used for comparing

means of more than two groups for parametric data and

Krusal–Wallis test was used for non-parametric data.

Spearman test was used to compute nonparametric co-re-

lation and Pearson test was used to compute parametric co-

relation.

Results

Demography

We recruited 930 healthy subjects from different subsec-

tors of Chandigarh. The final analysis was done for 915

subjects, as 5 samples were found to be hemolysed, 7

individuals had deranged renal or liver function tests, and 3

individuals were detected to be diabetic. Out of this, 530

(58%) were women and 385 (42%) were men. The median

age of the recruited population was 41 years, with the

median age of the men being 40 years while that of the

women being 42.5 years. The median height of the popu-

lation was 158 cm. The median height of the men was

168.0 cm while that of the women was 153 cm. The

median BMI of the population was 26.1 kg/m2. The med-

ian BMI of the men was 25.8 kg/m2 and that of the women

was 26.4 kg/m2, with no statistically significant difference

between the two.

The study participants were divided into two groups;

less than and more than 50 years of age (men) and pre and

post-menopausal (women). Out of the 530 women, 350

were pre-menopausal while 180 were post-menopausal.

Out of the 385 men, 249 were younger than 50 years while

136 were older than 50 years of age.

Use of vitamin D supplements was seen in 130 (14.2%)

subjects. The frequency of use of vitamin D supplements

was higher in women and older age groups

(p value\ 0.03). Consumption of milk and milk products

was seen in 540(59.2%) subjects.

Serum Calcium

The medianserum calcium in men was 8.9 mg/dL (range

7.3–9.9 mg/dL) and that in the women was also 8.9 mg/dL

(range 7.6–9.9 mg/dL).The median calcium levels in pre

and post-menopausal women were 8.9 mg/dL and 9 mg/

dL, respectively, while amongst the men these values were

8.8 mg/dL and 8.9 mg/dL, for men aged less than and more

than 50 years, respectively. The calcium levels were sig-

nificantly higher in the post-menopausal women as com-

pared to the pre-menopausal women (p 0.024), while the

calcium levels did not differ significantly between the two

age groups among the men.

Across all age-groups, none of the participants had

hypercalcemia (serum calcium C 10.4 mg/dL). Among the

men, the serum calcium levels co-related negatively with

age, but the co-relation was weak (r = - 0.018), while

among the women, serum calcium levels co-related posi-

tively with age (r = 0.14). Serum calcium levels had a

statistically significant weak positive correlation with BMI

(r = 0.240).

Serum Phosphate

The median serum phosphate in men was 3.6 mg/dL (range

2.2–6 mg/dL) and that in the women was also 3.6 mg/dL

(range 2.1–5.3 mg/dL).The median phosphate levels in pre

and post-menopausal women were 3.6 mg/dL and 3.7 mg/

dL, respectively, while these values were 3.7 mg/dL and

3.4 mg/dL, for men aged less than and more than 50 years,

respectively. The phosphate levels were significantly

higher in the post-menopausal women as compared to the

pre-menopausal women (p 0.004), while the phosphate

levels were significantly lower in the older men as com-

pared to the younger ones (p\ 0.0001). Among the men,

the serum phosphate level co-related negatively with age

(r = - 0.2), while in the women, it co-related positively

with age (r = 0.06).

Serum Alkaline Phosphatase (ALP)

The median serum ALP in men was 102 IU/L (range

31–259 IU/L) and that in the women was also 102 IU/L

(range 31–259 IU/L). The median ALP levels in pre and

post-menopausal women were 98 IU/L and 107 IU/L,

respectively, while these values were 102 IU/Land 98 IU/

L, for men aged less than and more than 50 years,

respectively. The ALP levels were significantly higher in

the post-menopausal women as compared to the pre-
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menopausal women (p 0.02), while the ALP levels did not

differ significantly in the two age groups among the men.

Among the men, serum ALP levels co-related nega-

tively with age,but the co-relation was weak

(r = - 0.08),while in the women, it co-related positively

with age (r = 0.16). Also, among both the men and women,

serum calcium correlated positively with serum ALP

(r = 0.12, p\ 0.01 and r = 0.09, p\ 0.02 respectively).

Plasma 25(OH) D

The median plasma 25(OH) D level was 13.5 ng/mL

(range 3–70 ng/mL). The median plasma 25(OH) D in men

was 12.5 ng/mL (range 3–70 ng/mL) while that in the

women was 14.3 ng/mL) (range 3–70 ng/mL). However,

the difference was statistically in significant (p 0.13).The

median 25 (OH) d Levels in pre and post-menopausal

women were 15.1 ng/mL and 12.4 ng/mL respectively,

while these values were 11.4 ng/mL and 17.7 ng/mL, for

men aged less than and more than 50 years respectively.

The 25 (OH) d Levels were significantly higher in the pre-

menopausal women as compared to the post-menopausal

women (p 0.0006), while they were significantly higher in

the older men as compared to the younger men (p 0.004).

The median value of plasma 25(OH) D among those not

taking vitamin D supplements was 16.9 ng/mL, while

among those taking vitamin D supplements was 28.9 ng/

mL, with the difference being statistically significant

(p\ 0.0001). Likewise, the median plasma iPTH, calcium,

phosphate and ALP among those individuals not taking

vitamin D supplements were 50 pg/mL, 8.9 mg/dL, 4 mg/

dL, and 121 IU/L, respectively. The corresponding values

in those who were on vitamin D supplements were 42.7 pg/

mL, 8.8 mg/dL, 3.6 mg/dL, and 108.3 IU/L, respectively,

with only the difference in iPTH being statistically sig-

nificant (p\ 0.005).

25(OH) D deficiency was seen in 599 (65.4%) of indi-

viduals. Of these 599 individuals, 262 (43.7%) were men

and 337 (56.3%) were women. Vitamin D insufficiency and

normal levels were seen in 138 (15%) and 178 (19.4%)

individuals respectively.

Plasma iPTH

The median iPTH levels were 44.1 pg/mL (range

11–222 pg/mL). The median plasma iPTH in men was

43.6 pg/mL (range 11.5–165.3 pg/mL).MedianiPTH levels

in the women were 45.4 pg/mL (range 11–222 pg/mL).

However, the difference was statistically insignificant

(p\ 0.06) as shown in Table 1. The median PTH levels in

pre and post-menopausal women were 43.2 pg/mL and

46.6 pg/mL respectively, while these values were 52.0 pg/

mL and 35.6 pg/mL, for men aged less than and more than

50 years respectively. The PTH levels were significantly

higher in the post-menopausal women as compared to the

pre-menopausal women (p 0.02), while they were signifi-

cantly higher in the younger men as compared to the older

men (p 0.0001) 25(OH) D levels co-related negatively with

iPTH levels (r = - 0.4, p\ 0.0001) (Fig. 1).

As per ROC curve, iPTH value of 43.37 pg/mL pre-

dicted vitamin D deficiency at 20 ng/mL with a sensitivity

of 62.4% and specificity 65.8% (Fig. 2).

Serum calcium levels had a statistically significant weak

positive correlation with 25(OH) D levels (r = 0.128) and a

weak negative correlation with iPTH levels (r = - 0.401).

Among the men, serum phosphate levels did not correlate

with 25(OH) D levels, however, among the women, there

were a significant correlation between serum phosphate

and 25(OH) D levels (r = 0.01, p\ 0.01). There was no

correlation between serum ALP and 25(OH) D levels in the

men, while in the women, there was a negative correlation

between the two (r = - 0.1, p\ 0.001).Vitamin D levels

correlated positively with age though weakly (r = 0.248)

suggesting that with increasing age there was an increase in

vitamin D levels. 25(OH) D levels were higher in those on

vitamin D supplements compared to those who were not

(p\ 0.02).

The median values and inter-quartile ranges (IQR) for

the various parameters are depicted in Table 1.

Discussion

We have presented normative data of serum calcium,

phosphate, ALP, 25(OH) D levels and iPTHin adult healthy

population (n = 915) of north India (Chandigarh: latitude

30�4401000 longitude 76�4701800) and have generated refer-

ence ranges for the metabolic bone profile for the first time

in a single study. Such data are useful for diagnosis and

monitoring of various metabolic bone disorders (hy-

pophosphatasia, hypophosphatemic osteomalacia, and

chronic kidney disease) in different age groups. We

observed that Vitamin D deficiency is still very high in

untreated healthy individuals. We also collected data on the

use of vitamin D supplements among the healthy popula-

tion and have estimated serum 25(OH) D levels and iPTH

levels in them. There has been no study from India which

has assessed the over the counter use of vitamin D and

calcium supplements in general population. Our study

shows higher use of such supplements in the older popu-

lation and women.

As per ROC curve, iPTH value of 43.37 pg/mL pre-

dicted vitamin D deficiency at 20 ng/mL with a sensitivity

of 62.4% and specificity 65.8%.

Median calcium was 8.9 mg/dL both in the men and

women. This was slightly less as compared to the study by
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Marwaha et al. where the mean calcium was 9.5 ± 0.4 mg/

dL in men and 9.6 ± 0.4 mg/dL in women [6]. However,

in that study, only individuals aged[ 50 years were

recruited. In another multicentre study from India designed

to study peak BMD among individuals aged 20–29 years,

the mean calcium among men was 9.7 ± 0.8 mg/dL while

that among women was 9.6 ± 0.7 mg/dL.

In our study, we observed that the serum calcium was

higher in post-menopausal women, which is probably

reflective of the high prevalence of over-the-counter intake

of calcium and Vitamin D supplements among the elderly

population, and possibly also because of increasing adi-

posity with age, as calcium levels were co-related posi-

tively to the BMI. Usually, a decline in serum calcium is

expected in post-menopausal women as estrogen deficiency

Fig. 1 Scatter diagram depicting the inverse correlation between

serum 25 (OH) D (on the X axis) and serum iPTH (on the Y axis)

Fig. 2 ROC curve: iPTH of 43.375 pg/mL predicted vitamin D

deficiency at 20 ng/mL with a sensitivity of 62.4% and a specificity

65.8%

Table 1 Biochemical parameters in the study population

Men (\ 50 years) Men ([ 50 years) Pre-menopausal women Post-menopausal women

N 249 136 350 180

Calcium (mg/dL)

Median 8.8 8.9 8.9 9.0

IQR* 8.5–9.2 8.7–9.1 8.6–9.2 8.7–9.3

Phosphorous (mg/dL)

Median 3.7 3.4 3.6 3.7

IQR 3.3–4.1 3.1–3.8 3.2–3.9 3.4–4.1

ALP (IU/L)

Median 102 98 98 105

IQR 81–120 78–115 79–122 84–125

25 (OH) Vitamin D (ng/mL)

Median 11.4 17.7 15.1 12.4

IQR 7–21.8 7.2–34.4 8.2–28.3 6.7–19.3

PTH (pg/mL)

Median 52.0 35.6 43.2 46.6

IQR 36.3–68.9 25.4–50.4 31.5–58.3 35–59

*Inter-quartile range
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leads to decreased intestinal calcium absorption and

decreased renal calcium conservation.

Various other Indian studies have also assessed calcium

status in pre-menopausal v/s post-menopausal women. In

the study by Meena Desai et al. mean serum calcium levels

were lower in the post-menopausal women [7]., while the

study by Muni Radha Jadaa et al. [8] showed slightly

higher mean serum calcium among postmenopausal group

compared to premenopausal women.

A similar observation was noted in the Tromso study,

wherein calcium levels were stable in the pre-menopausal

women but increased slightly in the post-menopausal age

group, and showed a positive co-relation with BMI and

coffee consumption [9].

The median serum phosphate in both men and women

was 3.6 mg/dL. In the aforementioned study by Marwaha

et al. the mean serum phosphate in men was 3.4 ± 0.4 mg/

dL while that in women was 3.7 ± 0.4 mg/dL [6] In the

ICMR study, mean phosphate among men and women was

4.1 ± 0.7 mg/dL and 4.1 ± 0.8 mg/dL respectively [10].

Serum phosphate levels co-related negatively with age in

men and showed a decreasing trend with advancing age,

but such a trend was not seen among the women. Similar

results have been seen in previous epidemiological studies

as well [11]. The decline in serum phosphorous with

advancing age can be attributed to the decreased phosphate

reabsorption in the proximal convoluted tubules of kidneys

with age, while it is not so evidently seen in women due to

a transient increase in serum phosphate after menopause.

The median serum ALP both in men and womenwas

102 IU/L. In the study by Marwaha et al., the mean serum

ALP in men was 203.0 ± 61.0 IU/L while that in women

was 236.0 ± 73.0 IU/L [6].We noted that ALP was sig-

nificantly higher in post-menopausal women as compared

to pre-menopausal women. This increase in ALP with

increasing age is expected as the bone turnover increases in

the post-menopausal years. Also, the lower vitamin D

levels in the post-menopausal women can explain the

higher ALP levels, as bone turnover is expedited in the face

of low vitamin D. Similar to ALP; PTH was also higher in

the post-menopausal women as compared to the pre-

menopausal women. This is expected as just like ALP,

PTH is also a marker of bone turnover.

In our study, the 25(OH) D was lower in the elderly

(post-menopausal) women, as compared to the younger

women, likely as a result of higher consumption of vitamin

D supplements among, while it was vice versa among the

men. Overall, vitamin D deficiency was seen in 599

(65.4%) of individuals. Of these 599 individuals, 262

(43.7%) were men and 337 (56.3%) were women. The

mean 25(OH) D levels in the study by Marwaha et al. was

9.8 ± 7.9 ng/mL among the women and 9.7 ± 6.8 ng/mL

among the men, with the mean iPTH levels being

61.1 ± 39.4 pg/mL and 61.0 ± 41.9 pg/mL respectively.

Their mean serum vitamin D was lower than what was seen

in our study and that can explain the higher ALP levels in

their study.

In one of the earlier studies on global vitamin D status

and hypovitaminosis D, serum 25(OH) D levels below

25 ng/mL were prevalent in all regions studied, while\
10 ng/mL were more common in south Asia and middle

east [12] In a study from south India, vitamin D deficiency

(\ 20 ng/mL) was seen in as high as 53% of the healthy

population [13]. In a study by Marwaha et al. from Delhi,

the prevalence of vitamin D deficiency was much higher at

91.2% among the healthy population [6]. In another mul-

ticenter study from India, the mean serum 25(OH) D levels

in men and women were observed to be 16.9 ± 10.5 and

13.6 ± 10.2 ng/mL respectively, again falling in the defi-

cient category [10] In our study, in the 20–29 year age

group, mean serum 25(OH) D was 14.5 ± 14.8 ng/mL

among the men and 12.2 ± 8.5 ng/mL among the women.

The prevalence of 25 (OH) D deficiency is lower in our

study compared to previous studies, likely due to increas-

ing awareness and increasing over the counter use of

vitamin D supplements.Serum 25(OH) D levels of[ 70

ng/mL were seen in 7 men and 6 women. All of them were

on vitamin D supplements.

Most of the studies have shown higher levels in women

and younger age groups which is contrasting to our study.

This high prevalence of vitamin D deficiency seen in our

study as well as other studies from India can probably be

attributed to multiple factors. Darker skin in our population

hinders the cutaneous synthesis of vitamin D. Also,

clothing practices, increasing urbanization leading to

maximum time being spent indoors both at work and at

home and increasing use of sunscreen creams are also

responsible for it.

Limitations and Strength

The present study recruited participants from Chandigarh

(North India) only, so results may not be fully applicable to

throughout India. However, our study has robust random-

ization and we have also performed a complete bone

metabolic profile for the adult population (20–80 years of

age).

Conclusion

We have provided a complete metabolic bone profile of

healthy, adult north Indian population. These reference

values can be used for diagnosis and monitoring of various

MBDs. Vitamin D deficiency is still rampant in our pop-

ulation in spite of increased awareness. However, over-
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zealous use of supplements/over the counter use of vitamin

D supplements is also an emerging problem.
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