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Vitamin D deficiency is common among children and adolescents in India, in spite of abundant sunshine. We
conducted a pilot; double blind randomised controlled trial to investigate the effect of vitamin D supplementa-
tion on bone mineral content in underprivileged adolescent girls, in Pune, India. Fifty post-menarcheal girls aged
14 to 15 years were randomised to receive 300,000 IU (7.5 mg) of ergocalciferol or placebo orally, 4 times/year.
All participants received 250 mg elemental calcium (calcium carbonate) daily. Outcome measures included
change in serum 25-hydroxyvitamin D, size adjusted bone area and bone mineral content at total body and lum-
bar spine. Post supplementation, the median serum concentration of 25-hydroxyvitamin D was 75.2 (64.2-85.5)
nmol/L in the intervention group and 28.1 (16.7-34.0) nmol/L in the placebo group. Increment in bone outcome
measures was not different in the two groups. However, there was a positive effect of intervention in the size ad-
justed total body bone area (p<0.05), total body bone mineral content (p<0.05) and lumbar spine bone mineral
content (p<0.05), and positive trend in lumbar spine bone area (p=0.07) in girls who were within 2 years of men-
arche. We conclude that vitamin D supplementation did not have a beneficial effect on skeletal mineralization in
girls who were more than 2 years post menarcheal. However, there was a significant positive effect of the inter-
vention on size adjusted total body and lumbar spine bone mineral content and a positive trend in lumbar spine

bone area, in girls who were < 2 years of menarche.
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INTRODUCTION

Adolescence is an important period for bone mass accrual,

when approximately 40% of the peak bone mass, defined
as the maximum amount of bone mass accrued at the end
of skeletal growth and consolidation, is acquired during
the two years either side of the start of menstrual peri-
ods."? Provision of adequate amount of calcium (Ca) and
phosphorous (P) in the diet is important in order to meet
this mineral requirement for rapid skeletal mineralisation.
In girls, the average rate of Ca accretion in the skeleton
during adolescence (age 14 to 18 years) is estimated to be
around 120 mg per day. Based on these data, the daily
dietary calcium requirement for girls in this age group
was estimated to be around 1000 mg per day.’ 1,25-
dihydroxyvitamin D (1,25(OH),D), the active metabolite
of vitamin D plays and important role in facilitating gas-
trointestinal absorption of Ca and P, renal re-absorption
of filtered Ca and promoting skeletal mineralisation. In
humans, the main source of vitamin D is that produced by
the action of solar ultraviolet B radiation (280-315 nm)
acting on 7-dehydrocholesterol in skin. Small amounts are
also derived from dietary sources such as oily fish, eggs,
and fortified foods. In spite of abundant sunshine in most

parts of India, vitamin D deficiency is common among
children and adolescents, particularly in those from low-
income groups.*® Dietary intake of calcium among such
children is often very low.**’ Furthermore, the calcium is
often derived from non-dairy sources, which have low
gastrointestinal calcium bioavailability. High intake of
foods rich in phytin and oxalates further impairs gastroin-
testinal calcium absorption.*'® It is possible that low in-
take of calcium and low body stores of vitamin D might
adversely affect the bone mass accrual in adolescent In-
dian girls.

There are few studies to date which have examined the
effect of vitamin D supplementation on bone mineral
density (BMD) in children and adolescents. In a study of
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adolescent girls with adequate calcium intake from Finland,
Viljakainen et al found that lumbar spine (LS) and femo-
ral BMD increased with vitamin D supplementation in a
dose responsive manner.'"' El Hajj Fuleihan et al in a
study in adolescent girls from Beirut found that vitamin D
supplementation had a positive impact on musculoskele-
tal parameters in pre-pubertal girls.'” To the best of our
knowledge, there have been no studies of the effect of
vitamin D supplementation on bone mass accrual in un-
derprivileged Indian adolescents.

We conducted a pilot double blind randomised con-
trolled trial (RCT) to investigate the effect of vitamin D,
supplementation in underprivileged adolescent girls from
Pune, India (latitude 18.34°N). All participants in the trial
also received a daily oral calcium supplement, which pro-
vided them with 250 mg of elemental Ca. We hypothe-
sised that girls in the intervention group would have a
greater increase in size corrected total body and lumbar
spine bone mineral content compared with those in the
control group.

MATERIALS AND METHODS

Participants

This pilot RCT was carried out in post menarcheal girls
aged 14 to 15 years, attending a state run school, from
February 2006 to April 2007, in Pune, India (latitude
18.34°N). Ethical approval was granted by the Ethics
Committee of the Hirabai Cowasji Jehangir Medical Re-
search Institute. From 84 eligible girls, 50 were randomly

recruited to take part in the pilot RCT (Figure 1). Twenty
seven literate parents provided a written informed consent
in Marathi. Twenty three illiterate provided an informed
‘thumbprint consent’, after the information sheet about
the study was read out in Marathi. All thumbprint consents
were witnessed by the school’s head teacher. One girl
was Muslim and the rest were Hindus. The study subjects
were derived from a low socio-economic group with the
approximate average monthly per capita income of 745
Indian Rupees (approximately €10.5, US$15). A high
proportion of these subjects had complaints of non-
specific aches and pains (70%), skeletal deformities
(Genu Varum and Valgum) (44%) and latent hypocal-
caemia (Positive Gower’s sign). These findings have been
described previously.°®

Study design

Randomisation

The present study was a 12 month, double blind, placebo
controlled trial of vitamin D supplementation. After base-
line data collection participants were randomized by the
trial statistician (MS) into two groups so that the median
serum 250HD concentrations in the two groups were
approximately equal.

Supplementation

The median dietary calcium intake of study subjects was
low [438 (354-555) mg/day]. As this value fell short of
600 mg/day, the recommended daily calcium allowance

n=120

SCREENING PHASE

Post Menarche = 94
Randomly Selected = 50
Post-menarche (14.7 £ 0.7 yrs)

v

TRIAL
N=150

Baseline Biochemistry**, Total body BMC,
LBM, BF and Lumbar Spine BMC by DXA

'

Intervention (n=25)
4x300 000 IU Ergocalciferol (D2)
250 mg elemental calcium daily x 1 year
Allocated to intervention = 25
Received intervention = 25
Did not receive intervention = 0

|

Follow up measurements:
Biochemistry, bone and body
composition variables by DXA

Control (n=25)
4 x placebo
250 mg elemental calcium daily x 1 year
Allocated to intervention = 25
Received intervention = 24
Did not receive intervention = 1 (Lost to follow-up)

;

Follow up measurements:
Biochemistry, bone and body
composition variables by DXA

** serum ionic calcium, ALP, PTH, 25 hydroxy vitamin D, inorganic phosphorus

Figure 1. The CONSORT diagram for participant flow though the trial.
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Table 1. Anthropometric characteristic of the trial group before and after supplementation
Variables Vitamin D + Ca Supplemented Group Placebo + Ca Supplemented Group
Before (n=25) After (n=25) p value Before (n=24) After (n=24) p value
Age (yrs) 14.6 (14.0-15.1) 15.7 (15.2-16.2)  <0.001 14.6 (14.3-15.3) 15.7 (15.4-16.4) <0.001
Height (cm) 149 (147-156) 152 (149-158)  <0.001 150 (146-153) 151 (147-154)  <0.001
Weight (kg) 39.1 (35.4-42.7) 40.3 (35.5-41.9) 0.047 40.5 (36.4-45.4) 40.3 (37.4-45.0) 0.006
BMI (kg/m?) 16.8 (16.1-18.5) 16.9 (16.1-18.3) 0.419 17.8 (16.1-19.5) 18.1 (16.9-19.5) 0.178
Values are Median (25" percentile - 75t percentile), p value by paired t-test
Table 2. Baseline dietary intake (per day) of adolescents before intervention
itamin D + +
Variables Vitamin D + Ca Sllpplemented Group Placebo + Ca SuEplemented Group 0 value
(n=25) (n=24)
Vitamin D (mcg) 4.9 (2.6-14.8) 5.3 (3.5-9.1) 0.454
Calcium (mg) 438 (354-555) 458 (339-517) 0.849
Phosphorous (mg) 745 (650-880) 846 (673-914) 0.505
Oxalates (mg) 99.6 (87.6-153.2) 113.9 (76.4-169.1) 0.334
Phytin (mg) 252 (227-283) 255 (210-293) 0.933
Protein (g) 46.6 (35.2-60.4) 44.5 (39.1-52.3) 0.275
Total calories (kcal) 1362 (1212-1544) 1215 (1049-1473) 0.111
Values are median (25" percentile —75™ percentile), p value by independent t-test
Table 3. Biochemical and hematological parameters of the trial group at baseline and at the end of the trial
Variables Vitamin D + Ca Supplemented Group Placebo + Ca Supplemented Group
Before (n=25) After (n=25) p value Before (n=24) After (n=24) p value
250HD (nmol/L) 245(12.7-332) 752(642-85.5) <0.001  20.8 (12.7-30.4)  28.1 (16.7-34.0)  0.001
Total calcium (mmol/L) 2.1(2.0-2.3) 2.2(2.1-2.3) 0.211 2.0 (1.9-2.1) 2.2(2.1-2.3) 0.001
Tonised calcium (mmol/L) 0.94 (0.89-1.01)  1.05(1.0-1.09)  <0.001 0.91 (0.84-0.94)  1.05(1.03-1.10) <0.001
Phosphorous (mmol/L) 1.2 (1.2-1.4) 1.2 (1.1-1.5) 0.169 1.1 (0.9-1.3) 1.3 (1.2-1.5) 0.041
Alkaline phosphate (U/L) 322 (244 -490) 204 (170-247) 0.003 293 (206-436) 199 (160-315) 0.013
Parathyroid hormone (pmol/L) 2.5 (0.72-9.1) 2.2(0.6-5.1) 0.043*  7.7(2.6-11.9) 6.6(1.9-10.9) 0.020*
Hemoglobin (g/L) 125 (112-130) 120 (118-127) 0.371 120 (110-124) 125 (120-130) 0.052

Values are median (25" percentile-75" percentile)

* The imbalance in serum PTH was caused by three high outlier values in the placebo group. When these were removed the median PTH

values were not different in the two groups.

for Indian adolescent girls, all subjects received 250 mg
elemental calcium in the form of calcium carbonate (Cal-
cium Sandoz, Novartis) daily during the trial. The tablets
were supplied to participants monthly by trial staff. Each
bottle contained 30 tablets and tablet count performed
monthly was used to assess compliance. Subjects in the
treatment group were administered 6 vitamin D, (Ergo-
calciferol; Celltech, UK) tablets each containing 1.25 mg
(50,000 IU) orally at 1, 4, 7 and 10 months. For the placebo
group the local pharmacist prepared tablets which were
identical in number, colour, size and texture to the ergo-
calciferol, but contained only sucrose. The subjects were
observed by the study staff as they swallowed the ergo-
calciferol or placebo tablets. All the primary investigators
of the study were totally blinded to the treatment regimen.
The first dose of ergocalciferol or placebo was adminis-
tered in May 2006 and the last dose in February 2007.

Outcome measures

All baseline assessments and measurements were made
prior to randomization and at the end of the trial, ap-
proximately12 months later.

Anthropometry, questionnaires and dietary food ana-
lysis

Standing height was measured using a wall-mounted sta-
diometer to the accuracy of 1 mm and weight was meas-
ured using an electronic scale to the accuracy of 100 grams.
A food frequency questionnaire and Gopalan et al’s ta-
bles of nutrient value of Indian foods were used to esti-
mate daily dietary intake of calcium," protein and calo-
ries. Krause’s table of nutritive value were used to esti-
mate the dietary intake of vitamin D."

Biochemical variables

Blood samples were drawn early in the morning after a
fasting period of 8 hours. Subjects’ serum concentration
of total calcium (tCa) was measured using a Colorimetric
assay and ionised calcium (iCa) was measured using an
ion selective electrode (AVL, ISE, Graz, Austria). Serum
concentration of inorganic phosphate (iP) and alkaline
phosphatase activity (ALP) were measured using an auto
analyser (Biotech, USA). Intact serum parathyroid hor-
mone (PTH) was measured using an immunoassay (Bio-
Source, Europe S.A.). The in-house reference range for
the PTH assay was 1.1-6.4 pmol/L, which was established
in one hundred 15 to 45 year old healthy volunteers from
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Pune. The sensitivity was 0.22 pmol/L and inter-assay
variation was 10%. Serum concentration of 25-hydroxy-
vitamin D (250HD; a measure of an individual’s body
stores of vitamin D) was measured using radioimmunoas-
say (DiaSorin, Stillwater, Minnesota, USA). The sensitiv-
ity of the assay was 3.75 nmol/L and the inter-assay
variation was less than 5%.

Bone densitometry

The GE-Lunar DPX Pro (GE Healthcare, Wisconsin,
USA) Pencil Beam DXA scanner (software encore 2005
version 9.30.044) was used to measure lumbar spine (L2-
L4), and total body (TB) bone mineral content (BMC, g),
bone area (BA, cm?), aBMD (g/cm?] and all total body
analyses. Bone mineral apparent density (BMAD, g/cm”)
was calculated for lumbar spine (L2-L4) by the method of
Carter et al."” The precision of repeat measurements in
adults DPX Pro are reported to be: 0.6% for LS BMD, 0.6
% for TBBMD, 1.1% for LBM and 2.0% for fat mass
(FM).'®

Statistical analysis

The primary outcome measures were TB BMC, LS BMC
and LS BMAD. Secondary exploratory outcomes were
TB lean, FM and serum concentrations of biochemical
parameters tCa, iCa, P, ALP, PTH and 250HD. Data are
shown as median with the 25 and the 75" percentiles.
The variables which were not normally distributed were
transformed to normality using appropriate mathematical
transformation to satisfy the underlying normality as-
sumption. In the intervention group, linear relationship
between the increase in serum 250HD and dietary cal-
cium intake was studied using Pearson’s correlation. In
order to test the statistical significance of difference of
continuous primary outcome measures (such as TB BMC,
LS BMC and LS BMAD) between the two-study groups,
independent sample t-test was used. Several statistical
associations were adjusted for possible confounders such
as baseline value of dietary calcium intake, height, weight,
lean body mass and calcium compliance as necessary
using ANCOVA technique. The relative percentage
change in total BMC, total bone area, total fat mass, total
lean mass, lumbar spine BMC and area was calculated
using the formula (100x(Post supplementation value —
Pre supplementation value)/(Pre supplementation value).
P value less than 0.05 was considered statistically signifi-
cant. All analysis was performed using SPSS (version
12.0, Chicago, USA).

RESULTS

Figure 1 shows a CONSORT diagram for participant flow
though the trial. Table 1 shows baseline as well as post-
supplementation comparison of anthropometric and clini-
cal characteristics of the two study groups (study subjects
supplemented with vitamin D and placebo group). There
was no significant difference between baseline anthro-
pometric characteristics of the two groups, however, as a
group the girls that we studied were shorter and lighter
(mean Height z score —0.6+0.9, mean weight z score -
0.7£0.7, in relation to the age and gender matched Indian
norms.'” The mean age at menarche and time since men-
arche was not different in the two groups (p=0.34 and

0.19 respectively). Mean compliance for calcium was
about 91% (10.9) while that for vitamin D was 100%. No
adverse events as a result of treatment were recorded.

Baseline dietary characteristics of the study subjects
are given in Table 2. There were no significant differences
in the energy, protein, calcium and vitamin D intakes of
the two groups. The calcium mean intake was 75% as per
Indian recommendations however it was 55% of the rec-
ommended intake for girls of this age in the UK (800
mg/day) and 37% of the recommended intake for girls of
this age in the US (1200 mg/day)."'®** The median en-
ergy intake of the whole group was 62% and protein in-
take was 69% of that recommended for Indian adoles-
cents.”” There were no differences in the percentage
change post supplementation for protein or calcium intake
of the two groups.

Table 3 describes the biochemical and haematological
characteristics of study subjects at baseline and follow up.
As a group 70% of the girls had serum 250HD concen-
trations below 30 nmol/L, 98% of the girls had iCa below
the reference range and 48% had PTH concentration
above the upper end of the reference range. The median
serum 250HD concentration was significantly raised in
both groups, however the mean overall increase in the
supplemented group was 68% as against the increase in
the placebo group which was 19%. As shown in Figure 2,
in the intervention group, the rise in serum 250HD con-
centration was positively related to dietary calcium intake
(r=0.8, p<0.005). The median tCa and iP concentrations
were significantly raised post supplementation in the pla-
cebo group. In both groups, the median concentrations of
iCa were raised and that of ALP reduced. Though the
serum PTH concentrations were significantly lower in
both groups post supplementation, the mean overall de-
crease was 27% in the vitamin D supplemented group as
against 9% in the placebo group. Post supplementation,
the median hemoglobin concentrations did not change in
the vitamin D supplemented group, however, as shown in
Table 3, there was a trend towards significance in the
placebo group.

Table 4 shows comparison of the percentage change in
median BA, BMC, BMAD, total body fat and lean body
mass values between the two groups using ANCOVA
with and without adjustment for confounders (age, height,
weight, initial dietary calcium, calcium compliance). No
significant effect of vitamin D supplementation was
found on the percent change in LS BA, LSBA, TBBA
and TB BMC. The median LS BMAD was not different
in the two groups. To investigate this further we divided
each study group into girls who had menarche within two
years of performing the study and those who had men-
arche for over 2 years at the time of collection of baseline
data (Table 5). There was a significant increase in the size
and compliance adjusted total BMC and BA change in
subjects who were within 2 years of menarche (p=0.03
and 0.04 respectively). No difference was seen in the
above parameters even when the group was dichotomized
into low and high baseline serum 250HD values (<or >30
nmol/L; median value of vitamin D) (Data not shown).
There was no difference in the size adjusted lean mass or
fat mass. The Lumbar spine BMC (adjusted for size and
compliance) was significantly higher in the group within
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FIGURE 2. Figure showing correlation between rise in serum 250HD concentration and baseline dietary calcium intake (r=0.8,

p<0.005).

Table 4. Changes in bone and body composition parameters of the trial group at the end of the trial

. Vit D + Ca Supple- Placebo + Ca Supple- 1 2

Variables mented Group mented Group p-value p-value
Total BMC change (%) 10.1 (6.1-14.7) 8.2 (4.9-12.6) 0.327 0.525
Total Bone Area change (%) 5.1(2.9-7.1) 3.6 (1.9-6.7) 0.360 0.584
Total Fat change (%) 10.1 (-2.6-18.4) 13.1 (-0.9-31.2) 0.220 -
Total Lean change (%) 0.9 (-1.2-2.0) -0.4 (-2.7-1.6) 0.187 -
L2 to L4 BMC change (%) 10.5 (4.6-17.2) 11.3 (5.4-18.0) 0.619 0.497
L2 to L4 Area change (%) 3.3(0.5-7.9) 3.9 (1.8-7.0) 0.596 0.715
L2 to L4 BMAD change (%) 4.2 (0.6-9.3) 3.7(1.0-7.7) 0.309 0.296

Values are median (25" percentile—75th percentile)

pl: Unadjusted p value by independent t-test

p2 : Adjusted p value for age (current), height, weight, LBM, initial dietary calcium and calcium compliance by ANCOVA

Table 5. Changes in bone and body composition parameters at the end of the trial, with subjects classified according to
time since menarche (within 2 years and after 2 years of menarche).

Menarcheal groups

Variables Less than 2 yrs Since More than 2 yrs Since p p
Menarche Class 1 (n=18) Menarche Class 2 (n=7)
Total BMC change (%) 11.2 (8.2-15.4) 9.4 (4.5-12.4) 0.141 0.031
Total Bone Area change (%) 53(3.7-7.4) 4.8 (1.6-5.9) 0.168 0.044
L2 to L4 BMC change (%) 11.3 (5.0-26.9) 8.4 (-6.0-17.2) 0.083 0.019
L2 to L4 Area change (%) 4.2 (2.0-9.8) 1.7 (-1.8-6.6) 0.289 0.066
L2 to L4 BMAD change (%) 3.6 (0.8-10.1) 5.5(-9.3-9.4) 0.242 0.316

Values are median (25" percentile-75™ percentile)
plz Unadjusted p value by independent t-test

p2: Adjusted p value for age (current), height, weight, LBM, initial dietary calcium, calcium compliance by ANCOVA

2 years of menarche and the change in the Lumbar area
showed a trend towards significance (p=0.07) with group
within 2 years of menarche having a greater increase in
area.

DISCUSSION

We found that despite an increase in serum 250HD con-
centration, the increase in size adjusted total body and
spinal BA and BMC of girls in the intervention group did
not differ from that in the placebo group. At the end of
the trial, the median serum 250HD concentration in the
intervention group was 75.2 (64.2-85.5) nmol/L. This is a

level that is below the range of 80 nmol/L to 90 nmol/L,
which in adults was found to be the desirable range for
optimal gastrointestinal calcium absorption efficiency.”'
Therefore, the lack of response to intervention might in
part be due to an inadequate increase in serum 250HD.
Another possible reason for the lack of effect of interven-
tion in adolescent girls that we studied might be that the
median sum of calcium intake from diet plus the daily
supplement was around 690 (600-805) mg/ day, which is
less than that recommended for adolescent girls in the UK
(800 mg/day) and USA (1300 mg/day)."**° Their daily
calcium intake from diet and supplement during the trial
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was also lower than 1000 mg/day, which was estimated
by Vatanparast et al from the average rate of Ca accreted
into the skeleton during adolescence in girls.” El Hajj
Fuleihan et al, found a significant increase in total hip
BMC in pre-pubertal but not post-menarcheal Lebanese
girls treated with vitamin D3.'? One possible explanation
for lack of a significant effect in our trial might be our use
of vitamin D2, rather than vitamin D3 as a supplement. In
adults, vitamin D2 has been reported to have a lower po-
tency relative to vitaminD3.”> However, others have
found vitamin D2 in adults to be as effective as vitamin
D3 in maintaining circulating concentrations of 25-
hydroxyvitamin D in adults.” Furthermore, Thacher et al
have shown vitamin D2 and vitamin D3 are bioequivalent
in their effects on calcium and vitamin D homeostasis in
Nigerian children with nutritional rickets.”* We also ex-
amined the effect of intervention in girls who were <2
years of menarche and those who were >2 year of men-
arche. We observed a significant positive effect of the
intervention on size adjusted total body BA, total body
BMC and lumbar spine BMC and a positive trend in lum-
bar spine BA, in girls who were <2 years of menarche.

In 11 to 12 year old Finnish girls who were consuming
a diet adequate in calcium, Vijakainen et al observed a
positive effect of vitamin D; supplementation of 5 and 10
pg/day on femoral BMC, and of 10ug/day on spinal
BMC." In a study of 11 to 12 year old healthy girls from
Denmark who received 5 or 10 microgram of vitamin D3
for a year, Molgaard et al found that there was no effect
of vitamin D supplementation on whole body or spine
bone mineral augmentation.” In contrast to our findings
and that of El Hajj Fuleihan et al,'> Molgaard et al found
that pubertal status did not appear to modulate the effect
of vitamin D status on bone.” In a study to assess the
effect of relatively low dosages of supplemental vitamin
D on bone in Pakistani immigrant girls (mean age 12.2
years) in Denmark, Andersen et al found that though sup-
plementation increased serum 250HD concentrations
there was no significant effect of the intervention on
whole body and lumbar spine bone accretion.

Unlike El Hajj Fuleihan et al, we did not observe a
positive effect of the intervention on total body lean body
mass of the adolescent girls we studied.'” This might be
due to low protein intake in our subjects; the median pro-
tein intake for the whole group was around 69 % of the
recommended nutrient intake.

In the intervention group, we found the increment in
serum 250HD was greater in those with higher dietary
calcium intake. This finding is in keeping with results of
studies in rats and humans which suggest that calcium
intake influence the serum 250HD status.”**” This effect
is probably mediated by low calcium intake causing sec-
ondary rise in serum PTH concentrations, which in turn
leads to high serum concentrations of 1,25-dihydroxy-
vitamin D, which is known to degrade 250HD to inactive
24,25-dihydroxyvitamin D, thereby depleting body stores
of vitamin D.**

Our trial has a number of limitations. We did not
measure BMC or BMD of the hip a site where positive
effects of intervention have been reported.'"'> There was
a significant difference in baseline median serum PTH
concentrations of girls in the intervention groups and pla-

cebo groups. However, this difference disappeared when
the analysis was re-run leaving out three subjects with
very high serum PTH values. These three individuals had
very low serum 250HD concentration (mean value 17.3
nmol/L) which is known to result in secondary hyperpara-
thyroidism. Results did not change when these subjects
were excluded from analysis. All subjects with high intact
PTH levels from the placebo group underwent treatment
with vitamin D after the study.

In summary, we found that underprivileged post-
menarcheal Indian girls randomised to treatment with
300,000 IU of ergocalciferol, administered orally 4 times
in a year, did not show a greater increase in size corrected
total body and spinal bone mineral content, compared
with those in the placebo group. However, a positive ef-
fect of the intervention on these outcomes was observed
in girls who were <2 years of menarche, suggesting that
pre-pubertal period might be an important period for im-
proving skeletal mineralisation through vitamin D sup-
plementation. An adequately powered clinical trial of
vitamin D supplementation in prepubertal children con-
suming a diet adequate in calcium is required to deter-
mine if it results in a greater increase in whole body and
regional bone mineral content.
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