
J Pediatr Endocr Met 2011;24(11-12):975–981 © 2011 by Walter de Gruyter • Berlin • Boston. DOI 10.1515/JPEM.2011.405

 *Corresponding author: Dr. Anuradha V. Khadilkar, Hirabai 
Cowasji Jehangir Research Institute, Jehangir Hospital, Old 
Building Basement, 32 Sassoon Road, Pune, Maharashtra 411001, 
India 
Phone/Fax:   + 91 20 26141340 , 
E-mail:  anuradhavkhadilkar@gmail.com 
Received August 25, 2011; accepted October 15, 2011; previously 
published online November 17, 2011 

      Modifi able factors associated with low bone mineral content 
in underprivileged premenarchal Indian girls  

    Nidhi S.   Kadam    1 ,      Shashi A.   Chiplonkar    2 ,      
Anuradha V.   Khadilkar    2,   *,      Philip R.   Fischer    3 ,      
Neeta M.   Hanumante    4  and      Vaman V.   Khadilkar    2   

  1     Agharkar Research Institute ,  Pune, Maharashtra ,  India  
  2     Hirabai Cowasji Jehangir Medical Research Institute , 
 Pune, Maharashtra ,  India  
  3     Department of Pediatric and Adolescent Medicine ,  Mayo 
Clinic, Rochester, MN ,  USA  
  4     Bharati Vidyapeeth University Medical College ,  Pune, 
Maharashtra ,  India    

   Abstract 

 Low adolescent peak bone mass is associated with bone prob-
lems in adulthood. Our aim was to assess underprivileged 
premenarchal Indian girls for low bone mineral content and 
to study the infl uence of anthropometric, lifestyle factors on 
bone health. Data on anthropometry, diet, lifestyle, total body 
bone mineral content (TBBMC), bone area, bone mineral 
density, and biochemical parameters [parathyroid hormone, 
vitamin D (25OH-D), calcium, and zinc] were assessed in 214 
premenarchal girls (8 – 12 years). Compared with the Indian 
reference database, 15.6 %  girls had TBBMC for age Z-scores 
below  – 2 and 37.5 %  had Z-scores between  – 2 and  – 1. The 
TBBMC for total body bone area Z-scores were below  – 2 for 
one fi fth of girls, indicating undermineralized bones. Mean 
rate of increase in TBBMC with age and Tanner stage was 
lower in our study population (11.6 %  and 20.7 % , respectively) 
than reference database (14.2 %  and 33.4 % , respectively). 
Low weight, 25OH-D, and intake of protein, calcium, and 
zinc adversely affected TBBMC (p < 0.05). Many underprivi-
leged premenarchal Indian girls are at risk of achieving low 
bone mass. Steps to improve underweight, 25OH-D, intakes 
of protein, calcium, and zinc might improve bone health.  

   Keywords:    BMC Z-scores;   Indian;   low bone mass;   modifi -
able factors;   premenarchal girls;   underprivileged.     

  Introduction 

 Peak bone mass achieved during adolescence and early adult-
hood has been shown to have a predictive role in preventing 

osteoporosis later in life  (1) . Ninety percent of adult refer-
ence height and 53 %  of adult reference total body bone min-
eral content (TBBMC) are achieved during the premenarchal 
period in girls  (2, 3) . Further, strategies aimed at improving 
bone mass accrual in adolescent girls have shown a posi-
tive effect on bone health in girls who were premenarchal as 
against therapies directed toward postmenarchal girls  (4, 5) . 

 Studies from both developed and developing countries 
have reported suboptimal intakes of calcium and vitamin D in 
children during critical times of skeletal development, result-
ing in risk of low peak bone mass  (6 – 8) . In addition to low 
intakes of calcium, studies have reported a high prevalence of 
vitamin D defi ciency even in countries with abundant sunlight 
exposure  (9 – 11) , which may increase the risk of reduced bone 
mass accrual in girls especially during the perimenarchal stage 
 (12) . Besides calcium and vitamin D, studies have also shown 
association between higher intakes of other micronutrients, 
such as zinc with higher bone mass in adults  (13) . However, 
similar studies in children are scarce  (14) . 

 After 9 years of age, bone density, and bone mineral content 
(BMC) increase in girls while microstructural bone changes 
affect fracture risk and possibly peak bone mass  (15) . Also, 
discrimination against the female child is a well-documented 
fact in South Asian countries, where intrafamilial distribution 
of food shows signifi cant male preferences  (16) , with girls 
reportedly consuming more cereals whereas boys had more 
milk and fats with their cereal  (17 – 19) . Therefore, there is a 
need to address bone health of premenarchal girls. 

 Low bone mass in healthy children and adolescents has 
been reported in various populations  (20 – 22) . According to 
the International Society for Clinical Densitometry defi nition 
of low bone mass  (23) , only those children who already have 
low bone mass are targeted. A study in healthy Indian chil-
dren suggests that they are more susceptible to lower peak 
bone mass at adulthood because they have a lower rate of 
increase in bone mass with age compared with other refer-
ence populations  (24) . Considering the rapid mineralization 
that occurs during pubertal years, there is a need to identify 
the  “ at-risk population ”  for low bone mass especially in the 
premenarchal years so that appropriate intervention strategies 
can be devised. Previous studies have shown low intakes of 
calcium as well as high prevalence of vitamin D defi ciency 
in Indian girls from lower socioeconomic status  (25) . Thus, 
there is a need to identify factors that infl uence bone health 
in these girls, as modifi able lifestyle factors are potentially 
important for optimizing the peak bone mass during skeletal 
consolidation  (26) . 

 Therefore, the aim of the present study was to assess bone 
health in apparently healthy underprivileged premenarchal 
Indian girls and determine the modifi able factors that may be 
related to poor bone health.  
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  Subjects and methods 

  Study population 

 Girls were recruited from two schools from a list of 14 public 
schools in Pune, Maharashtra, West India (latitude 18.34 ° N) catering 
to children from low-income groups for this cross-sectional study 
in December 2008. Apparently healthy premenarchal girls (8 – 12 
years) from classes 3 to 5 were included in the study. Prior permis-
sion was sought from the public health offi cer, school authorities, 
and the principal. Written informed consent of the parents and assent 
from the girls was obtained before the start of the study. All the girls 
from classes 3 to 5 who agreed to be part of the study were recruited 
(n = 226). The power of the study for the total sample size was com-
puted to be 0.9 using SDs of TBBMC from available data in Indian 
girls  (27) . The study protocol was approved by the Ethical Committee 
of the Hirabai Cowasji Jehangir Medical Research Institute.  

  Exclusion criteria 

 All the participants were examined by a pediatrician. The exclusion 
criteria were  (i)  fracture within the past 12 months,  (ii)  prolonged im-
mobilization in the past 12 months,  (iii)  any disease that may reduce 
bone mineral density (such as renal disease, hyperthyroidism, hypo-
parathyroidism, thyroid disease, adrenal disease, cancer, chronic 
gastrointestinal disease, liver disease, diabetes, Paget’s disease, hypo-
gonadism, cystic fi brosis, celiac disease), and  (iv)  history of use of 
drugs affecting calcium metabolism and bone mineral density (such 
as glucocorticoids, estrogen, anticonvulsant drugs, sodium fl uoride, 
heparin, thyroid hormone, vitamin D therapy).  

  Anthropometric parameters 

 Weight and height were measured in the morning with partici-
pants in light indoor clothes without shoes. Weight was measured 
on an electronic digital scale to the nearest 0.1 kg (Libra Industries, 
Mumbai, India), and standing height (range 60 – 207 cm) was mea-
sured using a portable stadiometer (Leicester Height Meter; Child 
Growth Foundation, London, UK). Height for age and weight for age 
Z-scores were calculated using reference growth charts for Indian 
population  (28) .  

  Physical activity and sunlight exposure 

 Physical activity was assessed using QAPACE (Quantifi cation de 
l ’ Activite Physique en Altitude Chez le Enfants) questionnaire 
 (29) , which was adapted to Indian children ’ s and adolescents ’  
lifestyle. Physical activity was measured as duration of different 
categories of activities every day. The reliability of the question-
naire was 0.89 (p < 0.05) assessed twice from the pilot sample of 
20 girls and validated by 24-h record of daily activities. Information 
about time in minutes of sunlight exposure per day for each girl 
was also recorded using a structured questionnaire asking duration 
of exposure per day.  

  Assessment of dietary intakes 

 Food intakes were assessed on two random (non-consecutive) days 
by 24-h recall method using standard cups and spoons by two trained 
investigators through a face-to-face interview with the mother and 
the girl. Portion size was obtained by 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  (30) . For raw foods, nutri-
tive value tables of the National Institute of Nutrition of India were 
applied  (31) .  

  Hematological and biochemical analysis 

 A venous blood sample (7 mL) under fasting condition was collected 
at 8:30  am  after an overnight fast for not more than 12 h from each 
subject using EDTA-coated vacutainers for hemoglobin and plain 
mineral-free vacutainers for serum estimations. 

 Hemoglobin was measured using automated cell counter (Beckman 
Coulter; Coulter, Miami, FL, USA). Ionized calcium (iCa; 1.12 – 1.23 
m M )  (32)  was measured using ion selective auto analyzer. Serum 
concentrations of inorganic phosphorous (1.25 – 2.10 m M )  (32)  and 
alkaline phosphatase (ALP; 145 – 420 U/L) activity  (32)  were mea-
sured using a semi auto analyzer (Biokit, Barcelona, Spain). Serum 
intact parathyroid hormone (PTH) (1.1 – 6.4 p M )  (33)  was measured 
using the enzyme immunoassay technique (BioSource Europe, 
Nivelles, Belgium). Serum concentration of 25-hydroxy vitamin 
D (25OH-D) was measured using radioimmunoassay (DiaSorin, 
Stillwater, MN, USA). Serum zinc (0.7 – 1.2 mg/L) was measured 
using atomic absorption spectrometer (model AA203; Chemito 
Technologies, Mumbai, India) in accordance with the manual of lab-
oratory techniques by National Institute of Nutrition, India  (34) . 

 To ensure precision, a reference serum (Bio-Rad Laboratories, 
Gurgaon, Haryana, India) was used as standard for each batch of 
blood estimations.  

  Measurement of BMC and density 

 TBBMC, total body bone area (TBBA), 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 densitometer (GE Healthcare, Madison, 
WI, USA) using a medium mode scan (Encore 2005 software, ver-
sion 9.30.044, GE Healthcare). Reproducibility of dual-energy X-ray 
absorptiometry measurements were 12.5 g for TBBMC [0.98 %  
coeffi cient of variation (CV)], 13.8 cm 2  for TBBA (1.13 %  CV), and 
166.8 g for lean body mass (0.74 %  CV)  (27) . 

 To compare the bone health status with Indian reference data-
base, TBBMD for age, TBBMC for age, TBBA for age, TBBMC 
for TBBA, TBLBM for height, TBBA for height, and TBBMC for 
TBLBM Z-scores were computed using age- and gender-specifi c 
Indian reference data  (27) .  

  Statistical methods 

 Analyses were performed using Statistical Software for Social 
Sciences software for Windows (version 11.0, 2001; SPSS, Chicago, 
IL, USA). All the variables were tested for normality using one 
sample Kolmogorov-Smirnov test before any statistical compari-
sons were made. Non-normal variables were suitably transformed 
before inclusion into the regressions model. Data are presented as 
mean with SD for normally distributed variable and median with in-
terquartile range for non-normally distributed variables. Differences 
between groups with respect to anthropometric, lifestyle, dietary, 
biochemical, and bone parameters were tested using a Student’s t-test 
for normally distributed variables and by Mann-Whitney test for 
non-normally distributed variables. Associations between categori-
cal variables were tested using  χ  2 -test. Pearson correlations and par-
tial correlations controlling for height were computed to estimate the 
association of various anthropometric, lifestyle, and energy-adjusted 
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dietary parameters with TBBMC, TBBA, and TBBMD. Generalized 
linear model adjusted for height was used to examine relative infl u-
ence of anthropometric, diet, lifestyle, and biochemical parameters 
on TBBMC. To avoid the effect of multicollinearity, separate models 
were fi tted for each of the dietary parameters viz. energy-adjusted in-
takes of protein, calcium, and zinc. p-Values  < 0.05 were considered 
statistically signifi cant.   

  Results 

 Of the total 226 eligible girls in the two schools, 214 fulfi lled 
all the selection criteria and were enrolled in the study. Twelve 
girls were not included in the study due to lack of consent 
from parents (n = 2), change of residence before the start of the 
study (n = 2), and attained menarche (n = 8). 

 The anthropometric and biochemical parameters of the 
study population are illustrated in Table  1  . The mean age of the 
study population was 9.8 ± 1.0 years. Based on the age at which 
girls enter puberty  (35) , the study population was divided into 
two groups: group I (8 – 9 years) and group II (10 – 12 years). 
The mean height for age Z-scores were signifi cantly lower in 
group II than group I (p < 0.05). The height for age and weight 
for age Z-scores were below  – 2 in 25 %  and 39 %  of the total 
girls, respectively. As expected, the percentage of girls in 
Tanner stage I was higher in group I than group II. 

 There were no signifi cant differences between the two 
groups with respect to the mean values as well as the percent-
age of prevalence of anemia, iCa, PTH, 25OH-D, and serum 
zinc defi ciencies (p > 0.1). In the study population, 71 %  girls 
showed iCa concentration below the reference range, whereas 
high concentrations of PTH ( > 6.4 p M )  (33)  were observed in 
39.5 %  of the girls. Hypovitaminosis D (25OH-D concentra-
tions  < 50 n M )  (36)  was observed in 34.2 %  of the girls. Serum 
zinc concentrations below the reference range were seen in 
55.5 %  of the girls. Anemia was observed in 15.5 %  of our 
study population of premenarchal girls. 

 Table  2   describes dietary intakes and lifestyle factors of the 
study population. There were no signifi cant differences between 
the two groups with respect to their dietary intakes (p > 0.1). The 
mean energy and protein intakes were 1362 ± 339 kcal/day and 
26.9 ± 7.7 g/day, respectively. Mean energy and protein intakes 
were 74.5 %  and 79 % , respectively, of Indian recommended 
dietary allowances (RDA)  (37) . The mean intakes of calcium, 
zinc, and iron were 192 ± 67, 2.8 ± 1.2, and 5.5 ± 2.2 mg/day, 
which were 28 % , 33 % , and 27.5 %  of the RDA, respectively, 
implying mineral defi ciency. A moderate activity of at least 30 
min/day was seen in 96 %  girls and sunlight exposure was more 
than 30 min/day for 65 %  of the girls indicating adequate physi-
cal activity and sunlight exposure in majority of the girls. 

 Table  3   describes the bone parameters in the two groups. 
The mean TBBMC, TBBA, TBBMD, and TBLBM were sig-
nifi cantly higher in the older age group girls (group II) com-
pared with the younger age group girls (group I) (p < 0.001). 
However, the TBBMC for age and TBBA for age Z-scores 
were found to be signifi cantly lower in the older girls, suggest-
ing that bone mass was not adequately accrued with increas-
ing age as is expected. The mean Z-scores were below zero for 
TBBA for height, TBLBM for height, TBBMC for TBLBM 
in 67.5 % , 54.4 % , and 76.1 %  of the girls, respectively, of 
which only 7.3 % , 5.3 % , and 12.9 %  of the girls, respectively, 
had their Z-scores below  – 2. However, it was observed that 
although around 18 %  girls from both groups (together) had 
TBBMC for TBBA below  – 2, there were further 25 %  girls 
who had Z-scores between  – 1 and  – 2. This possibly suggests 
that these girls are at a risk of low bone mass. 

 Of the total girls, 15.6 %  had their TBBMC for age Z-scores 
below  – 2 (low bone mass), whereas 37.5 %  of the girls had 
Z-scores between  – 2 and  – 1. When compared group-wise, 
the percentage of prevalence of low bone mass showed an 
increasing trend with increasing age, i.e., more number of 
girls (42.3 % ) in the older age group had their BMC for age 
Z-scores between  – 2 and  – 1 than in the younger age group I 
(34.7 % ). Similarly, in TBBMD for age Z-scores, 50.7 %  and 
38.5 %  of groups II and I had their Z-scores between  – 2 and  – 1, 
respectively. Low TBBMC for TBBA Z-scores in one fi fth of 
the girls suggests under mineralization. Further, 25 %  of the 

 Table 1      Anthropometric and biochemical characteristics of the 
girls.  

Parameter Group I: 
8 – 9 years 
(n = 134)

Group II: 
10 – 12 years 
(n = 80)

All 
(n = 214)

Age, years   9.1 ± 0.6   10.9 ± 0.7   9.8 ± 1.1
Height, cm 124.9 ± 6.1 132.6 ± 6.5 a 127.8 ± 7.2
Weight, kg   21.1 ± 3.7   24.9 ± 4.3 a   22.5 ± 4.3
Height for age Z-score    – 1.2 ± 0.1    – 1.5 ± 0.1 a    – 1.3 ± 0.9
Weight for age Z-score    – 1.7 ± 0.1    – 1.8 ± 0.1    – 1.7 ± 0.8
Tanner stage (girls),  % 
   I   85   37.8 a   68.1
   II   12   41.9   22.7
   III   3   20.3   9.2
iCa, m M   1.06 ± 0.11   1.05 ± 0.10   1.05 ± 0.11
Parathyroid hormone, p M   6.4 ± 3.6   6.5 ± 3.3   6.4 ± 3.5
25OH-D, n M   60.9 ± 25.8   62.8 ± 26.6   61.5 ± 26.0
Serum zinc, mg/L   0.69 ± 0.19   0.67 ± 0.21   0.68 ± 0.20
Hemoglobin, g/dL   12.2 ± 1.2   12.4 ± 1.0   12.3 ± 1.2

   All values, except Tanner stage, are mean ± SD.  a Signifi cantly differ-
ent from group I (p < 0.05).   

 Table 2      Dietary and lifestyle characteristics of the girls.  

Parameter Group I: 
8 – 9 years

Group II: 
10 – 12 years

All

Energy intake, kcal/day 1338 ± 341 1405 ± 335 1362 ± 339
Protein intake, g/day   26.5 ± 7.4   27.7 ± 8.3   26.9 ± 7.7
Fat intake, g/day   41.1 ± 11.3   43.2 ± 12.1   41.9 ± 11.6
Calcium intake, mg/day   188 ± 67   200 ± 66   192 ± 67
Phosphorous intake, mg/day   563 ± 172   597 ± 193   576 ± 179
Zinc intake, mg/day     2.8 ± 1.1     2.8 ± 1.3     2.8 ± 1.2
Iron intake, mg/day     5.4 ± 1.9     5.6 ± 2.6     5.5 ± 2.2
Sunlight exposure, min/day a   45 (68)   45 (68)   45 (67.5)
Moderate activity, min/day   92 ± 42   124 ± 47   104 ± 46
Television viewing, min/day a   60 (60)   60 (60)   60 (60)

    a Median interquartile range (IR) for non-normal variables. The rest 
of the values are mean ± SD. No signifi cant differences between the 
two groups (p > 0.1), except in moderate activity (p < 0.05).   
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girls had their BMC for bone area Z-scores between  – 2 and 
 – 1, indicating the risk of low bone mass accrual. 

 To further compare the bone health status of our study 
population with other available dual-energy X-ray absorptio-
metry reference databases (Lunar Corporation), we plotted the 
TBBMC of two other reference databases and the Indian refer-
ence data along with data from our study (Figure  1  ). We found 
that the mean TBBMC of our study population at each age was 
lower than that of all the reference databases. Also, the mean 
rate of increase of TBBMC with age was lower in our study 
population (11.6 % ) compared with the Indian reference data-
base (14.2 % ) and the rate of increase reported in Polish popula-
tion (13.6 % )  (38)  and Caucasian populations (13 % )  (39) . 

 When the percent increase in TBBMC across Tanner stages 
was compared with the Indian reference population, it was 
seen that girls from our study population had a lower mean 
increase (20.7 % ) than the reference (33.4 % ) from Tanner stage 
I to Tanner stage III, indicating that although there is a poten-
tial to increase the bone mass, the girls in our study population 
showed a lag compared with their well-off counterparts. 

  Association of bone parameters with modifi able 

factors 

 Pearson correlation coeffi cients revealed that besides age, 
height, and weight, waist and hip circumference showed a 
positive correlation with TBBMC (r = 0.63 and r = 0.77, respec-
tively), TBBA (r = 0.65 and r = 0.80, respectively), and TBBMD 
(r =   0.38 and r = 0.44, respectively) (p < 0.05). Moderate physical 
activity was found to be positively associated with TBBMC 
(r = 0.24), TBBA (r = 0.24), and TBBMD (r = 0.16) (p < 0.05). 
Dietary intake of calcium and zinc were found to be signifi -
cantly associated with TBBMC (r = 0.14 and r = 0.16, respec-
tively) and TBBA (r = 0.16 and r   = 0.15, respectively) (p < 0.05), 
whereas protein intake showed a trend toward signifi cant asso-
ciation with TBBMC (r = 0.12) and TBBA (r = 0.13) (p < 0.1). 
After adjusting for energy intake, only intake of calcium was 
found to be signifi cantly associated with TBBMC (r = 0.14, 
p < 0.05) and TBBA (r = 0.15, p < 0.05). After controlling for 
height, partial correlation revealed that although the magni-
tude of association was reduced, weight, waist, and hip cir-
cumference were still signifi cantly associated with TBBMC, 
TBBA, and TBBMD (p < 0.05), indicating the independent 
infl uence of these factors on bone parameters. 

 Serum concentrations of 25OH-D showed a signifi cant 
positive correlation with TBBMC (r = 0.17) and TBBMD 
(r = 0.17) (p < 0.05) and marginally signifi cant correlation 
with TBBA (r = 0.13, p < 0.1). Duration of sunlight exposure 
(min/day) was categorized into two groups: shorter than 
30 min/day and longer than 30 min/day. 25OH-D concentra-
tions were also categorized as normal and hypovitaminosis 
D. A signifi cant positive association was observed between 
sunlight exposure and 25OH-D (r = 0.20, p < 0.05), indicating 
that sunlight exposure might be an important factor infl uenc-
ing bone health through its effect on vitamin D. 

 Generalized linear model adjusted for height was used 
to examine relative infl uence of modifi able factors on bone 
health of the girls. The analysis revealed that weight, Tanner 
stage, energy-adjusted dietary intakes of protein, calcium, and 
zinc along with serum 25OH-D concentrations were signifi -
cant factors affecting TBBMC (p < 0.05) (Table  4  ).   

 Table 3      Bone parameters of the girls.  

Parameter Group I: 8 – 9 
years

Group II: 
10 – 12 years

All

TBBMC, g   756 ± 122   900 ± 146 a   809 ± 148
TBBA, cm 2   992 ± 126 1141 ± 142 a 1047 ± 150
TBBMD, g/cm 2     0.76 ± 0.04     0.79 ± 0.05 a     0.77 ± 0.05
TB fat %     18.8 ± 5.5     20.6 ± 7.1b     19.5 ± 6.2
TBLBM, g 16,300 ± 2138 18,800 ± 2592 a 17,200 ± 2599
TBBMC for age Z-score      – 1.06 ± 0.78      – 1.32 ± 0.75 a      – 1.16 ± 0.79
TBBA for age Z-score      – 0.85 ± 0.81      – 1.13 ± 0.81 a      – 0.95 ± 0.82
TBBMD for age Z-score      – 1.14 ± 0.87      – 1.18 ± 0.79      – 1.16 ± 0.84
TBBA for height Z-score      – 0.48 ± 1.10      – 0.32 ± 1.23      – 0.43 ± 1.14
TBLBM for height Z-score      – 0.16 ± 1.10      – 0.15 ± 1.16      – 0.17 ± 1.12
TBBMC for TBLBM Z-score      – 0.83 ± 1.09      – 0.72 ± 1.04      – 0.80 ± 1.07
TBBMC for TBBA Z-score      – 0.85 ± 1.22      – 0.78 ± 1.17      – 0.84 ± 1.21

   All values are mean ± SD. Z-scores were computed using Indian reference database.  a Signifi cantly different from group I (p < 0.05). bMarginal 
difference between the two groups (p<0.1).   
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 Figure 1    Comparison of TBBMC across age groups with reference 
databases.    
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  Discussion 

 Our fi ndings indicate a high percentage of girls at risk for low 
bone mass when compared with the Indian reference database 
of well-to-do children as well as in comparison with other ref-
erence populations. Studies have reported prevalence of low 
bone mass based on TBBMD for age Z-scores especially in 
disease conditions  (40, 41) , but few studies have reported the 
prevalence of low bone mass in healthy children based on 
TBBMD or TBBMC Z-scores  (42) . Bone parameters of the 
study population were compared with age- and gender-specifi c 
Indian reference database, which was an independent cohort of 
age- and gender-matched healthy Indian children from 5 to 17 
years (480 boys and 440 girls)  (27) . The comparison revealed 
that the BMC for bone area Z-scores were  <  – 2 in 20 %  of the 
girls, whereas a quarter of the girls had Z-scores between  – 2 
and  – 1, indicating under mineralized bones. This may put them 
at risk for low bone mass especially in the presence of low 
dietary intakes of calcium and vitamin D defi ciency. Similar 
results have been reported in a study of postmenarchal girls 
from low socioeconomic group, which revealed that they had 
low bone mass for the projected bone area in comparison to 
their higher-socioeconomic group counterparts of UK South 
Asian and white Caucasian girls  (22) . Also, the mean rate of 
increase of TBBMC with age was lower in our study popula-
tion compared with Indian reference database, supporting our 
fi nding of low bone mass in the study population. 

 Premenarchal girls in the present study were apparently 
healthy. However, 25 %  of the girls were below the Indian ref-
erence standard with respect to height for age Z-score ( <  – 2). 
iCa concentrations were below the reference range in our 
study population (71 % ), which is similar to that reported by 
Ekbote et al.  (43)  in Indian preschool children (73 % ) in 2011. 
Hypovitaminosis D was also noted in 34 %  of the girls in our 
study, which was lower than that reported by Puri et al.  (16)  in 
healthy Indian school children in 2008. Our fi ndings that sun-
light exposure is positively associated with serum 25OH-D, 
which, in turn, was positively associated with TBBMC and 
TBBMD, are in line with those reported by Jones and Dwyer 
 (44)  for prepubertal children. 

 Our study revealed a high prevalence of micronutrient 
defi ciencies, which are in line with those reported by Ghosh 
and Shah  (45)  in urban slum children in 2004. Of the total 
cereal intake, only 19 %  was from whole cereals, whereas the 
remaining 81 %  was from refi ned cereals, which may lead to 
low micronutrient intakes. The mean intake of fats was 130 %  
of the RDA, indicating that most of the energy was from fat. 
Also, the mean milk and milk products intake was 7 ± 25 g/day 
and the mean intake of fruits and vegetable was 24 ± 58 g/day, 
which are both low compared with the Indian dietary guide-
lines  (46) . Similar results have been reported in Indian chil-
dren and adolescents, which showed a high intake of fat and 
absence of micronutrient-rich food items from their diet  (47, 
48) . This could be the main reason for the high mineral defi -
ciencies seen in our girls. 

 In our study population of apparently healthy but under-
privileged premenarchal girls with low intakes of macronutri-
ents and micronutrients, we found that weight, Tanner stage,  Ta
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dietary intakes of protein, calcium, and zinc along with serum 
concentration of 25OH-D affected bone mass. Other studies 
have reported similar results with regards to weight, Tanner 
stage, and dietary intakes of calcium and protein, except in 
healthy children and adolescents with adequate intakes of 
macronutrients  (49, 50) . The signifi cant positive association 
of dietary zinc with TBBMC and TBBA in our study popula-
tion agrees with that reported by Bounds et al.  (14)  in 8-year-
old boys and girls. A study by Bougl é  et al.  (51)  has shown 
that serum zinc concentrations are associated with increase 
in bone mineral density in adolescent healthy premenarchal 
girls, suggesting the role of zinc in bone mineralization espe-
cially at the onset of puberty. 

 Compared with the Indian reference database, age-wise, 
it was seen that the gap between the BMC increased with 
increasing age. Similar lag was also seen when the Tanner-
wise increase was compared with the Indian reference data-
base. These fi ndings indicate that during the years of rapid 
growth, possibly due to inadequate nutrition, more girls are at 
risk for low bone mass. In the absence of any corrective mea-
sures, they would have lower peak bone mass and thus may 
be susceptible to future risk of fractures related to the same. 
Similar conclusions have been reported in a study by Ward 
et al.  (52) , suggesting that any intervention aimed at improv-
ing bone health in children should be targeted during early 
puberty, i.e., during the period of peak mineral and muscle 
mass accretion  (52) . 

 Calcium and vitamin D insuffi ciency is linked to altered 
bone health in children with risks for poor adult bone health 
in many parts of the world. Therefore, there is a need for an 
effective intervention strategy for prevention of low bone 
mass targeting the at-risk group and not just treatment for 
children diagnosed with low bone mass. Further studies are 
needed to test the effectiveness of these intervention strate-
gies. Since we found a large section of premenarchal girls 
who fall in the at-risk category in our study, school-based 
interventions aimed at improving protein and calcium intakes 
along with 25OH-D especially during early pubertal stages 
may help to improve bone health of Indian girls. 

 In summary, low BMC was commonly identifi ed in a 
population of seemingly healthy Indian school girls from 
low-income groups. Of particular concern is the fi nding that 
bone mass did not increase as much in this population as was 
expected in comparison to reference populations. Modifi able 
factors are associated with bone health in prepubertal girls. 
Interventions targeting improvement in underweight, increas-
ing calcium intake, and fortifying vitamin D nutrition (or 
increasing sun exposure) in preadolescents have potential for 
improving the bone health of underprivileged Indian preme-
narchal girls.   
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