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Low adult bone mass is linked to osteoporosis and fractures and is dependent on the extent of childhood and
adolescent bone mineralization. The aim of the study was to investigate the effect of 1-year supplementation
of calcium, multivitamin with zinc along with vitamin-D on bone mass accrual of school-going premenarchal
girls from low income groups in Pune, India. Double-blind, matched-pair, cluster, randomization study was
carried out in 214 premenarchal girls (8–12 years) from 2 schools in Pune, India. The two schools together
formed 3 classes with 3 clusters each of age-matched girls of which one cluster was allocated to either one of
the intervention groups (Ca-group:500 mg/d calcium, Ca+MZ-group:500 mg/d calcium+multivitamin
tablet containing 15 mg/d zinc) or control group (C-group: multivitamin tablet without any minerals); all
subjects received vitamin-D supplementation. Anthropometry, biochemical parameters, total body bone
mineral content (TBBMC) and bone mineral density (TBBMD) (Dual energy X-ray absorptiometry) were
assessed at baseline and endline. Post supplementation, mean percent increase in TBBMC was significantly
higher in Ca-group (22.3%) and Ca+MZ-group (20.8%) compared to C-group (17.6%) (pb0.05) with no
significant differences observed between Ca+MZ and Ca groups (p>0.1). Improvement in TBBMC-for-age Z-
scores was higher in the two calcium supplemented groups (13.6%–22%) compared to the C-group (no
improvement). Calcium supplementation, with or without multivitamins and zinc, showed a promising
improvement in bone health especially with regards to improvement in bone related Z-scores in our
population of underprivileged premenarchal girls.

© 2012 Elsevier Inc. All rights reserved.
Introduction

Low adult bone mass is linked to osteoporosis and fractures and is
dependent on the extent of childhood and adolescent bone mineral-
ization. Studies have shown that 53% of the adult reference total body
bone mineral content (TBBMC) is achieved during the premenarchal
period in girls [1]. Therefore, premenarchal years could provide a
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window of opportunity for improvement in bone mass accrual and
attainment of higher peak bone mass.

Suboptimal intakes of calcium and vitamin D in children during
critical years of skeletal development resulting in low peak bonemass
have been reported in both developed and developing countries [2]
with high prevalence of vitamin D deficiency seen even in countries
with abundant sunlight exposure [3,4]. Vitamin D deficiency in-
creases the risk of reduced bone mass accrual in girls, especially at the
perimenarchal stage [5].

Besides calcium and vitamin D, zinc and other micronutrients have
also been identified as having a possible role in bone development.
Reports suggest that zinc supplementation could stimulate bone
formation and inhibit bone resorption in postmenopausal women [6].
Studies have also shown an association between low bone mineral
density (BMD) in adults with low vitamin C intake and poor vitamin
B12 status [7]. However, data on the effect of micronutrient intake on
bone health in children and adolescents are inconclusive [8].

Deficiencies of zinc, iron and B-complex vitamins have been
reported in Indian children and adolescents usually resulting from
predominantly vegetarian cereal–legume based diets having low bio
availability of micronutrients [9]. Also, discrimination against the girl
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child is a well-documented fact in South Asian countries where intra-
familial distribution of food shows significant male preferences [10,11].
Therefore, premenarchal Indian girls represent a prime target group for
investigating their bone status and the need for helpful intervention.

Adolescence is a time when supervised supplementation may be
the best option possible in school-based programmes, targeting
populations where requirement of nutrients is otherwise difficult to
achieve through normal diets [12]. Studies have demonstrated
positive effect of both food based calcium supplements [13–15] as
well as calcium supplements on bone mass accrual in children
[16,17]. However, the current literature suggests that the effect of
micronutrient supplementation on bone health has been found to
vary [18]. A study by Jiu et al. (2003) in Chinese 8–12 year old
children demonstrated a positive effect of multi-micronutrient
supplementation on BMD and BMC of mid ulna [19]. A study in
16–36 year old Bangladeshi women has also demonstrated positive
effect of micronutrients along with calcium supplementation on bone
mass at the femurs but not lumbar spine [20]. This variation in the
supplementation effect may be due to the fact that most of these
studies have given a supplement consisting of micronutrients that are
known to compete at the absorption level e.g. calcium is known to
reduce the absorption of simultaneously ingested zinc in the diet [21].
Also, studies in young adolescents especially from low income groups
who are at increased risk of low bone mass are lacking, and the effect
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of micronutrient supplementation in them is also not clear. Therefore,
we conducted a double blind randomized controlled trial (RCT) with
the aim to investigate the effect of one year supplementation of
calcium, multivitamin with zinc along with vitamin D on bone mass
accrual of apparently healthy premenarchal girls in Pune, India.

Methods

Study design

The study was conducted as a double-blind interventional school-
based trial conducted during 2009–2010. To avoid cross-contamination
and confusion of subjects in close proximity to each other, we adopted a
cluster randomization instead of independent individual randomiza-
tion [22]. In this type of design a cluster of individuals is randomly
allocated to the intervention groups or the control group and has the
added advantage of avoiding treatment group contamination and
discrimination between the treatment and control groups.

Two representative schools were selected randomly from a list of
14 public schools in Pune city, Maharashtra state, Western India to
constitute the study population for the intervention trial (Fig. 1). The
girls (8–12 yr) in both the schools were stratified into 3 to 5 classes.
Together the two schools consisted of 3 classes with 3 clusters each of
age-matched girls and these clusters were allocated randomly to
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either one of the intervention groups or the control group. For the
three experimental groups, sample size per group was planned as 70
subjects (total n=210), based on the standard deviation in outcome
parameters, i.e., TBBMC, from previous available data in premenar-
chal girls [23] to provide average statistical power of 80% for
detecting a difference of more than 10% between the groups at 5%
level of significance.

With prior permission of the public health officer, school
authorities and the principal, parents were approached and the
purpose and details of the study were explained. After their
concurrence, girls were informed about the protocol, types of
measurements, supplementation and their voluntary participation.
All the girls from 3rd to 5th class who agreed to be part of the study
were recruited. A written consent of the parents and an assent from
girls were obtained before the start of the study.

Exclusion criteria

All the girls were examined by a paediatrician and pubertal
staging was assessed using Tanner criteria. The exclusion criteria
were i) Tanner stage>IV ii) fracture within the past 12 months, iii)
prolonged immobilization in the past 12 months, iv) major systemic
disease or use of any drugs known to affect bone health. Girls were
asked not to take any dietary supplements or multi-vitamin mineral
tablets other than the supplements during the study period.

The study was a 12 month intervention trial. Of the 226 girls
screened 214 apparently healthy premenarchal girls (8–12 yr) were
enrolled (Fig. 1). The final allocation of the 214 girls was: Calcium
group (Ca):72, Calcium and multivitamin+zinc group (Ca+MZ):73
and control group (C): 69. All the girls also received 30,000 IU of
vitamin D3 (cholecalciferol) (Calcirol ®, Cadila Pharmaceuticals
limited, 1389 Dholka, Ahmedabad, India) at the start of the
intervention and subsequently after every 3 months to maximize
the effects of calcium supplementation as vitamin D deficiency is
known to affect calcium absorption in the gut. At the end of the trial
all the girls in the control group who were calcium deficient were
given supplementation.

The study was approved by the ethical committee of the Hirabai
Cowasji Jehangir Medical Research Institute, Pune, India.

Supplementation

Based on the Indian recommended dietary allowances [24] (RDA)
for calcium and zinc, Ca group received 500 mg of oral elemental
calcium in the form of marketed calcium carbonate 6 d/wk. Ca+MZ
group received 500 mg of oral elemental calcium (same as Ca group)
6 d/wk along with a tablet (Becosule-Z, Pfizer limited, Mumbai, India)
containingmultivitaminwith zinc. Zincwas in the formof zinc sulphate
monohydrate USP 41.4 mg equivalent to 15 mg of elemental zinc and
multivitamins; B-complex forte with vitamin C-thiamine mononitrate
IP 10 mg, riboflavin IP 10 mg, pyridoxine hydrochloride IP 3 mg,
vitamin B12 IP 15 μg, niacinamide IP 100 mg, calcium pantothenate IP
50 mg, folic acid IP 1.5 mg, biotin USP 100 μg, ascorbic acid IP 150 mg.
The control group (C group) received similar looking tablets with the
same multivitamin composition but without minerals. All the girls
received the respective supplement for a duration of one year.

To ensure compliance throughout the study period, calcium, zinc
and multivitamin tablets were dispensed daily in the school by two
trained social workers in the presence of teachers, to each girl. In Ca
group and Ca+MZ group, each girl was given calcium supplement at
the start of each school day and multivitamin+zinc tablet after a gap
of at least 2 h. The control group (C) also received the multivitamin
tablet the same time as the two supplemented groups. During
vacations, the supplement was dispensed at home daily. Compliance
was assessed by the investigator through daily written record of all
the children who were absent from class or did not consume the
tablet. The children, social workers and supervising investigator were
blind to the intervention.

Anthropometric parameters

Weight and height were measured by a trained investigator at
7.30 am with girls in light indoor clothes without shoes. Weight was
measured on an electronic digital scale (Libra Industries, Mumbai,
India) to the nearest 0.1 kg and standing height was measured using a
portable stadiometer (Leicester Height Meter, Child Growth Founda-
tion, UK, range 60–207 cm).

Physical activity
Physical activity was assessed using QAPACE (Quantification de

l'Activite Physique en Altitude Chez le Enfants) questionnaire [25]
which was adapted for Indian children and adolescents' lifestyle.
Physical activity was measured as duration of different types of
activities every day. The reliability of the questionnaire was 0.89
(pb0.05) assessed twice from the pilot sample of 20 girls and
validated by 24-h record of daily activities.

Assessment of dietary intakes

Food intakes were assessed on two random (non-consecutive)
days by 24-hr recall method using standard cups and spoons by 2
trained investigators through a face-to-face interview with the
mother and the girl. Portion size was obtained by the average of
actual weights of one serving of each food item from their households.

Nutrient intakes were estimated by applying nutritive values from
the database of Indian cooked foods [26]. For raw foods, nutritive
value tables of National Institute of Nutrition, India were applied [27].

Haematological and biochemical measurements (reference range given
in parenthesis)

A venous blood sample under fasting condition was collected
between 8 am to 9 am (no supplementation was given one day prior
to post intervention sampling) after an overnight fast from each girl
using EDTA-coated vacutainers for haemoglobin and plain mineral
free vacutainers (BD Franklin Lakes, NJ USA) for ionized calcium (iCa),
serum phosphorous (iP), serum alkaline phosphatase (ALP), intact
parathyroid hormone (iPTH), 25-hydroxy vitamin D (25(OH)D) and
serum zinc estimations.

Haemoglobin was measured using automated cell counter (Beck-
man Coulter, Coulter Corporation, Miami, USA). Ionized calcium
(reference range 1.12–1.23 mmol/L) [28] was measured using ion
selective auto analyser. Serum concentrations of inorganic phospho-
rous (iP; 1.25–2.10 mmol/L) [28] and alkaline phosphatase activity
(ALP; 145–420 U/L) [28] were measured using a Semi auto analyser
(Biokit SA, Barcelona, Spain). Serum intact PTH (iPTH; 1.1–6.4 pmol/
L) was measured using the enzyme Immunoassay technique (Bio-
Source Europe SA, Nivelles, Belgium). Serum concentration of 25-
hydroxy vitamin D (25OHD) was measured using radioimmunoassay
(DiaSorin, Stillwater, Minnesota, USA). Serum zinc (0.7–1.2 mg/L)
was measured using atomic absorption spectrometer (Chemito
Technologies Pvt. Ltd., model AA203, Mumbai, India) as per the
method described in the manual of laboratory techniques by National
Institute of Nutrition, India [29]. To ensure precision, reference serum
(Biorad Laboratories, India) was used as the standard for each batch
of blood estimations.

Measurement of bone mineral content and density
Total body bone mineral content (TBBMC), total body bone area

(TBBA) and total body bone mineral density (TBBMD), total body lean
body mass (TBLBM) and total body fat percentage (TB fat%) were
measured with a Lunar DPX-PRO total body pencil beam Densitom-
eter (GE Healthcare, Wisconsin, USA) using a medium mode scan
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(software encore 2005 version 9.30.044,). Reproducibility of DXA
measurements were 12.5 g for TBBMC (0.98% cv), 13.8 cm2 for TBBA
(1.13% cv) and 166.8 g for lean body mass (0.74% cv) [30]. Ethnicity,
age and gender matched reference data were used to compute
TBBMD, TBBMC and TBBA for age Z-scores [30].

All the measurements were recorded at the start (baseline) and at
the end of the study period (endline) by the same technician. The
measurement team (at both baseline and endline observations) was
blinded as towhether the girl was amember of one of the intervention
groups or control group.

Statistical methods

Analyses were performed using Statistical software for Social
Sciences (SPSS) software for Windows (version 11.0, 2001, SPSS Inc,
Chicago, IL). All the variables were tested for normality using one
sample Kolmogorov–Smirnov test before any statistical comparisons
were made. Data are presented as mean with standard deviation. In
order to test the statistical significance of difference of primary
outcome measures (TBBMC, TBBA and TBBMD) between the two
supplemented and control group, analysis of variance model
(ANOVA) was used with post hoc Tukeys' test to test the difference
between two groups. The relative percentage change in TBBMC,
TBBA, TBLBM, TB fat% and also the biochemical parameters were
calculated using the formula (100×(Post supplementation value
−Pre supplementation value)/(Pre supplementation value)). Paired
t-test was used to assess differences in pre and post supplementa-
tion parameters. Control and the two supplemented groups were
also compared using generalised linear model adjusting for baseline
value of Tanner stage and TBLBM. P-values less than 0.05 were
considered statistically significant.

Results

Two hundred and ten girls (98%) participated in the endline
measurements (Fig. 1) The main reasons for the dropouts or not
Table 1
Anthropometric, lifestyle and dietary characteristics of the study population at baseline and

Parameters Ca+MZ group

Baseline Endline

Age (yrs) 9.9±1.0 11.0±1.0
Height (cm) 128.6±7.2 136.4±8.0 a

Weight (kg) 23.1±4.9 27.6±6.7 a

BMI (kg/m2) 14.0±1.8 14.8±2.2 a

% of girls in Tanner I 64.8 26.8
II 22.5 32.4
III 12.7 23.9
IV 0 8.5
V 0 6.9

Moderate activity (min/d)° 45(49) 60(30)
Playing outdoor games (min/d)° 60(53) 60(30)
Television viewing (min/d)° 60(60) 90(90) a

Energy intake (kcal/d) 1322±326 1740±372 a

Protein intake (g/d) 26.2±8.3 35.7±8.4 a

Fat intake (g/d) 40.5±9.8 58.6±15.6 a

Calcium intake (mg/d) 204±73 271±96 a

Phosphorous intake (mg/d) 565±184 762±215 a

Zinc intake (mg/d) 2.9±1.5 4.0±1.5 a

Iron intake (mg/d) 5.5±2.2 8.3±3.0 a

B-carotene intake (μg/d) 525±406 1077±951 a

Ascorbic acid intake (mg/d) 14.3±11.7 26.3±10.9 a

Riboflavin intake (mg/d) 0.21±0.07 0.29±0.11 a

Thiamine intake (mg/d) 0.43±0.19 0.54±0.20 a

Folic acid intake (μg/d) 45.7±14.1 72.6±24.5 a

Niacin intake (mg/d) 7.2±2.9 9.5±3.4 a

°Median (IR) for non normally distributed variables. Rest all values are Mean±SD. Ca+MZ
At baseline, the difference in means of the three groups was not statistically significant for

a Significantly higher than baseline (pb0.05).
completing the intervention were as follows: refusal to continue the
tablets by parents (n=2) and moved their residence (n=2). Data on
71 girls from Ca+MZ group, 70 girls from Ca group and 69 girls from
C group were analysed for present investigation.
Baseline characteristics of the study population

The mean age of the study populations was 9.8±1.0 years
(Table 1). As a whole group, the girls were shorter and lighter (mean
height for age Z score−1.3±1.0, mean weight for age Z score−1.7±
0.9) in relation to the age and gender matched Indian reference data
[31] with 25% and 36.8% of the girls showing low height for age and
weight for age Z scores (less than −2) respectively. All the three
groups were similar with respect to anthropometric parameters
indicating that the three groups were comparable at baseline
(p>0.1). The three groups were similar with respect to their pubertal
staging (p>0.1)with themajority of the girls (68.1%) in Tanner stage I
and only 1% of the girls in Tanner stage IV indicating that essentially all
the girls were premenarchal (Table 1).

The mean energy and protein intakes were 1350±340 kcal/d and
26.5±7.88 g/d respectively which was 73.5 and 78% of the Indian
Recommended Dietary Allowances (RDA) [32] (Table 2). The mean
dietary intakes of calcium, zinc and iron were 28.4, 32 and 27% of the
RDA, respectively. The mean intake of β-carotene, vitamin C,
thiamine, niacin and folic acid were 10, 34, 48, 55 and 35% of the
RDA respectively indicating multiple micronutrient deficiencies in
the study population.

Table 2 gives the biochemical and bone parameters in the study
population. At baseline, as a cohort, the mean iCa concentrations were
lower than the reference range in 65.7% of the girls with 25(OH)D
insufficiency (b50 nmol/L) [33] seen in 36.2% of the girls. The iPTH
concentrations were higher than the upper limit of the reference
range (>6.4 pmol/L) in 43% of the girls. Serum zinc deficiency was
observed in 55.6% of the girls. Therefore, at baseline, serum levels of
calcium, zinc and vitamin D were low in all the three groups.
endline.

Ca group C group

Baseline Endline Baseline Endline

9.9±1.2 11.1±1.2 9.5±0.9 10.7±0.9
127.5±7.7 134.9±8.1 a 126.3±7.1 133.7±8.1 a

22.4±4.5 26.6±5.9 a 21.4±3.3 25.6±4.8 a

13.6±1.5 14.4±1.9 a 13.5±1.4 14.4±1.7 a

67.1 31.4 71.2 31.3
21.4 32.9 22.7 35.8
8.6 24.3 6.1 19.4
2.9 4.3 0 9.0
0 7.1 0 4.5
36(37) 60(45) 30(36) 60(75) a

60(60) 60(45) 45(30) 60(75) a

60(45) 120(120) a 60(60) 120(120) a

1379±338 1622±436 a 1342±365 1546±340 a

27.4±7.3 34.3±12.5 a 25.9±7.8 31.8±9.1 a

41.7±12.5 54.8±16.9 a 42.0±12.5 53.6±16.1 a

196±80 253±99 a 181±70 255±90 a

589±172 687±270 a 546±181 655±195 a

2.8±1.2 3.8±2.2 a 2.5±1.0 3.4±1.9 a

5.6±2.4 7.6±3.5 a 5.1±2.0 7.1±3.4 a

451±335 972±795 a 402±222 1091±996 a

14.9±14.8 22.1±14.1 a 11.7±7.0 20.0±9.8 a

0.22±0.10 0.27±0.10 a 0.21±0.07 0.27±0.12 a

0.44±0.18 0.48±0.19 0.40±0.16 0.47±0.18 a

46.1±18.2 61.5±29.3 a 43.9±16.1 58.0±25.1 a

7.7±3.1 8.1±3.7 6.6±2.7 7.1±3.4

group, Calcium+zinc; Ca group, Calcium; C group, control group.
all the parameters in the table (p>0.1).



Table 2
Biochemical and bone parameters of the study population at baseline and endline.

Parameters Ca+MZ group Ca group C group

Baseline Endline Baseline Endline Baseline Endline

Ionized calcium (mmol/L) 1.00±0.08 1.10±0.08 a 1.03±0.10 1.16±0.07 a 1.14±0.07 1.15±0.06 a

Inorganic phosphorous (mmol/L) 1.75±0.18 1.76±0.28 1.77±0.20 1.72±0.20 1.81±0.19 1.75±0.23
Alkaline phosphatase (U/L) 305±88 322±98 287±75 305±98 288±70 311±97 a

Parathyroid hormone (pmol/L) 6.0±2.2 5.1±2.3 b 6.1±2.1 4.6±2.1 b 6.7±3.7 5.8±3.2 b

25(OH)D (nmol/L) 65.9±27.3 – 61.9±25.9 – 57.7±26.7 –

Serum zinc (mg/L) 0.63±0.32 – 0.70±0.38 – 0.64±0.16 –

Haemoglobin (g/dL) 12.3±1.1 12.3±0.9 12.4±1.3 12.2±1.2 b 12.3±0.8 12.3±0.9
TBBMC (g) 841±174 1018±226 a 801±143 982±196 a 793±138 935±185 a

TBBA (cm2) 1077±166 1233±202 a 1038±149 1202±182 a 1023±132 1166±165 a

TB fat (%) 20.7±6.8 22.8±7.4 a 18.9±5.7 22.6±6.9 a 18.6±5.8 21.3±6.4 a

TBLBM (g) 17500±2861 20200±3755 a 17200±2609 19500±3035 a 16800±2088 19400±2988 a

TBBMD (g/cm2) 0.78±0.05 0.82±0.06 a 0.77±0.04 0.81±0.05 a 0.77±0.05 0.80±0.05 a

TBBMC for age Z-score −1.1±0.9 −0.9±0.9 a −1.3±0.8 −1.0±0.9 a −1.1±0.7 −1.1±0.8
TBBA for age Z-score −0.9±0.9 −0.8±0.9 a −1.1±0.9 −0.9±0.9 a −0.9±0.7 −0.9±0.8
TBBMD for age Z-score −1.1±0.9 −0.9±0.9 a −1.2±0.8 −0.9±0.7 a −1.1±0.9 −1.1±0.8

All values are Mean±SD.
At baseline, the differences in means of the three groups were not statistically significant for all the parameters in the table (p>0.1).
Ca+MZ group, Calcium+zinc; Ca group, Calcium; C group, control group; iPTH— Parathyroid hormone; 25(OH)D— 25-hydroxy vitamin D; TBBMD— Total Body bone mineral
density, TBBMC— Total body bone mineral content, TBBA— Total body bone area, TBLBM— Total body lean body mass, TB fat%— Total body fat percentage.
Hb: reference range — 11–14 g/dL, iCa: reference range — 1.12–1.23 mmol/L.
25 OHD — >50 nmol/L, iPTH: reference range — 1.1–6.4 pmol/L, ALP: 145–420 U/L.
iP: reference range — 1.25–2.10 mmol/L.

a Significantly higher than baseline (pb0.05).
b Significantly lower than baseline (pb0.05).
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The three groups were also similar with respect to their bone
parameters viz., TBBMC, TBBMD, TBBA and TBLBM at baseline
(p>0.1) (Table 2). The mean Z-scores for TBBMC for age and TBBA
for age using Indian reference data were −1.2±0.8 and −1.0±0.8
respectively with 14.6% of the girls showing low TBBMC for age Z
score (Z scoreb−2) at baseline. The mean TBBMD for age Z scores
was −1.2±0.8 with 15.2% of the girls showing low TBBMD for age
(Z scoreb−2). However, 29.2% and 47% of the girls had their
TBBMC and TBBMD for age Z scores between −2 and −1
respectively, putting them at risk for low bone mass.

Post intervention

Overall compliance to the intervention for the whole group was
80% with similar compliance in all the three groups (Ca+MZ group—
81%, Ca group—79%, and C group—81%; p>0.1). Of the total girls who
were at Tanner stage I at baseline, 57% of the girls entered puberty
with no significant differences observed between the three groups
(p>0.1).

Anthropometry
Post supplementation, a significant increase in height was seen for

all the three groups over baseline (pb0.05) (Table 1) as is expected as
a part of linear growth over time in a period of 1 year. The increase in
height and weight was similar in the two supplemented groups
(Ca+MZ, 7.3±1.5 cm; Ca group 7.1±1.9 cm) and the C control group
(6.8±1.5 cm) (p>0.1).

Nutrient intakes
The mean intakes of energy, protein, fat, showed significant

increase over baseline for all the three groups (Table 1) (pb0.05)
which may be attributed to the increased dietary needs associated
with natural growth. The mean percent increase in the intake of
energy was however significantly higher in the Ca+MZ group
(42.8%) compared to both Ca group (24.6%) and C group (22.6%).
Similar results have been reported by Tupe and Chiplonkar (2009)
who have reported increased energy intake as an indirect effect of
zinc supplementation in Indian adolescent girls [34].
Table 2 shows a significant increase in ionized calcium concen-
trations of all the three groups over baseline (Ca+MZ (10.5%), Ca
(14.1%), C (0.55%)). However, the mean percent increase in ionized
calcium was significantly higher in the two supplemented groups (Ca
and Ca+MZ) than in the control group (pb0.05). Serum iPTH
concentrations showed a decline over baseline in all groups and this
decrease was significantly greater in the Ca group (−25%) compared
to both Ca+MZ group (−16%) and C group (−12.5%) (pb0.05) with
no significant differences in iPTH concentrations between Ca+MZ
and C groups (p>0.1).

Further there was a gradual increase in mean iPTH from Tanner
stage I, (4.5±2.6 pmol/L); Tanner stage II, (4.9±2.1 pmol/L); Tanner
stage III, (5.3±2.6 pmol/L); Tanner stage IV, (6.3±3.0 pmol/L); and
Tanner stage V; (7.1±3.6 pmol/L) at endline.

Bone and body composition status
Post supplementation, TBBMC, TBBA, TBBMD, TBLBM and TB fat%

increased significantly in all three groups over baseline (pb0.05)
(Table 2). The median (inter quartile range) TBBMC at baseline was
785 g (IR:174) which increased to 1005 g (IR:295), 943 g (IR:227)
and 902 g (IR:236) for Ca+MZ group, Ca group and C group
respectively. This increase was significantly higher in the Ca+MZ
group compared to C group (pb0.05) but not significantly different
between Ca+MZ and Ca group (p>0.1). Similarly, significant
increase in the median TBBA was observed in the Ca+MZ group
[1218 cm2, (IR:290)] than the C group [1143 cm2, (IR:220)] (pb0.05)
but not with Ca group [1157 cm2, (IR:229)] (p>0.1).

The mean percent increase in TBBMC was significantly higher in
the Ca group (22.3%) and Ca+MZ group (20.8%) compared to C
group (17.6%) (pb0.05). Similar results were seen for TBBMD where
the mean increase was significantly higher in the Ca+MZ (5.5%) and
Ca (5.5%) group as compared to C group (3.3%) (pb0.05) with no
significant differences observed between Ca+MZ and Ca groups
(p>0.1). For TBBA, the percent increase was significantly higher in
the Ca group (15.7%) compared to the C group (13.8%) but not
significantly different than the Ca+MZ group (14.4%) (p>0.1).

It was seen that percent change in the TBBMC and TBBMD
remained significantly higher in the Ca group (23.1%, 6.1%) and Ca+MZ
group (21.5%, 5.7%) as compared to the control group (19.4%, 4.2%)
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(pb0.05) even after adjusting for Tanner stage and TBLBM indicating
the positive effect of supplementation. Non significant differences
observed in the mean percent increase in TBBMC between Ca+MZ
group and Ca group (p>0.1) suggested similar impact of the two
supplements.

Further, the improvement in bone health (TBBMC for age and
TBBMD for age Z scores) was seen to be higher in the two calcium
supplemented groups (13.6–22%) compared to the C group who
showed no improvement. The greatest benefit was seen in those
girls (11.9–16.9%) with Z-scores between −2 to −1 indicating
that calcium supplementation could help in the improvement of
bone health of premenarchal girls, especially those “at risk for low
bone mass”.

Discussion

Our results show that one year supplementation resulted in
significantly higher mean percent increase in TBBMC in the calcium
group (22.3%) and the calcium+multivitamin+zinc group (20.8%)
compared to control group (17.6%). This greater increase in TBBMC in
the two supplemented groups with respect to the control group was
comparable to a study by Cameron et al. (2004) in co-twin premenar-
chal girls where a higher increase of 22.7% in the calcium supplemented
group was seen as against 19% in the placebo group [23]. Lambert et al.
(2008) also reported a greater increase (17.5%) in TBBMC in the calcium
supplemented group as against the control group (14.6%) after
12 months of intervention in adolescent girls which also included girls
who had already attained menarche [35]. This increase in TBBMC was
greater in our girls than in Lambert's study, likely because all the girls in
our study population were premenarchal girls.

A recent review on calcium supplementation trials in children
deduced that there is little effect of calcium supplementation on BMD
except a small increase in BMD at upper limb which is clinically non
significant in reducing the fracture risk [36]. Moreover, the consis-
tently greater effects seen in females compared to males across all
sites of bone outcome measurement at the end of supplementation,
though not significant, are suggestive of a sex difference in the
response of BMD and BMC to calcium supplementation. Our study
was in females showing a significant increase in total body BMC and
BMD after one year supplementation with calcium and vitamin D.

In our study population of premenarchal girls, post one year
supplementation a decline in iPTH was observed in all the groups,
which could be a consequence of vitamin D supplementation given to
all the girls. Further, though there was a decline in iPTH in all the
groups post supplementation, the mean iPTH concentration increased
with increasing Tanner stage at the endline which is in agreement
with results reported by Doneray and Orbak (2008) [37].

The average dietary calcium intake of the study girls was less
than one fifth of the recommendations of 1300 mg/d by FAO/WHO
(2004) [38]. The Indian recommended dietary intake for calcium has
been recently revised from 600 mg/d to 800 mg/d for adolescents
but is still lower than the recommendation given by FAO/WHO. A
study in healthy Indian children (6–16 yr) with adequate intake of
calcium of 745 mg/d (as per the Indian RDA) have also shown
increase in bone mass accrual at total body and femur neck regions
with micronutrient supplementation containing calcium, zinc and
vitamin D along with iron, iodine, and vitamins A, C, and B-complex
(in the form of a drink) [15] indicating the need to increase the
dietary intake of calcium especially during puberty in Indian girls to
improve bone health.

w?>Postintervention,heightandweightincrementswereofsimilar
orderinallthethreegroups.Similarly,nonsignificantdifferencesinheight
and weight were observed between the supplemented and control
groups by other studies though there was significant increase in bone
parameters [39,40]. In our study population of 8–12 year old girls from
lower socioeconomic strata, at baseline, the majority was prepubertal
(Tanner stage I) and 57% of these girls entered puberty during the
interventionperiod.Inourpreviousstudyongirls(8–17 yrs)latepuberty
in girls from lower socioeconomic strata was observed than the age
matchedgirlsfromhighincomegroups[41].

With respect to improvement in bone health in terms of bone Z
scores, we found a significant improvement in the TBBMC and TBBMD
for age Z scores in both the calcium supplemented groups compared
to the control group. This improvement was seen to be higher in girls
who had their Z scores in the range of −2 to −1 as compared to girls
who had Z scores less than−2. Thus, the intervention was effective in
improving the bone health status of premenarchal girls especially
those who are “at risk for low bone mass” rather than those who
already had low bone mass status.

In our study we found no advantage of adding 15 mg zinc and other
vitamin supplement over calcium and vitamin D supplement alone.
Clark et al. (1999) have reported no significant change in the
biochemical markers of bone turnover in pubertal girls when supple-
mentedwith zinc [42].With relatively small amount of zinc supplement
along with calcium and other micronutrients, other researchers have
demonstrated positive effect on total spine BMD of Sri Lankan children
[43], or on TBBMC and TBBA but not on TBBMD in Indian residential
school children [15]. Our study girls had low intakes of calcium as well
as zinc and there is a possibility that the zinc supplementation was not
effective because of coexistence of other micronutrient deficiencies.
Similar results have been reported in South African toddlers where zinc
supplementationwas not effective in increasing the growth parameters
of the children due to high prevalence of other micronutrient
deficiencies [44]. Another possible explanation for the absence of an
effect of zinc supplementation could be the interactive effect of other
micronutrients like ascorbic acid whichmay have inhibited zinc uptake
especially in zinc deficient individuals [45].

The effect of calcium supplementation on bone health with
pharmacological preparations in children and adolescents has been
well studied, though to the best of our knowledge this is the first
school-based randomized controlled trial of calcium along with
multivitamin and zinc supplementation in apparently healthy pre-
menarchal girls from low income group. Though the girls in our study
were deficient in their energy intakes as well as micronutrients,
calcium supplementation showed a promising improvement in their
bone health. The fact that we did not observe any additional increase
in the Calcium+multivitamin+zinc group compared to the Calcium
alone group indicates that multivitamin+zinc might not have any
additive effect on bone mass accrual in our study population of
premenarchal girls from a low income group. In summary, school-
based calcium supplementation of premenarchal girls effectively im-
proves bone mineral content.
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