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Abstract The Chinese diet is low in calcium, including
among adolescent girls, with an average intake around
500 mg per day. In this study, we compared the per-
centage change in bone mineral density and content of
the spine and hip region in a 1-year follow-up study
between 104 adolescent girls aged 14 to 16 years
receiving 375 ml calcium-fortified soymilk supplemen-
tation and 95 girls in the control group. The mean
percentage changes of bone mineral density/content
(BMD/BMC) and standard deviation (SD) at 1 year for
the supplementation and control groups were as follows:
neck of the femur BMD 2.7+2.94%, 1.8+3.49% (P
=0.08); trochanter BMD 3.3+3.27%, 1.6+2.94%
(P £ <0.001); intertrochanter BMD 3.6+3.05%,
2.324+2.95% (P =0.002); total hip BMD 3.1+£2.39%,
2.05+2.22% (P =0.001); total hip BMC 3.8+3.05%,
2.6+2.96% (P =0.006). The percent difference between
the percentage of bone changes in the supplementation
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and control groups [100x (soymilk-control)/control]
ranged from 45 to 113%. We observed no differences in
the spine BMD/C and no differences in changes of
height and weight between the soymilk supplementation
and control groups, which yielded similar results. Step-
wise multivariate regression analysis including height,
weight, growth stage, dietary energy, protein, calcium
from usual diet and physical activity also showed that
supplementation was significantly associated with a
percentage increase in BMD/C at the hip. We conclude
that 375 ml calcium-fortified soymilk supplementation,
or an equivalent of about two glasses, is among the
effective strategies for bone acquisition and the optimi-
zation of peak bone mass in adolescent girls.
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Introduction

Recent studies in Hong Kong have demonstrated that
the incidence of hip fracture is approaching that
experienced in the Western populations [1]. Local bone
mass studies have shown that according to the WHO
definition of osteoporosis, the condition affects one-
third to one-half of the postmenopausal and elderly
women [2]. The increase of bone mass before its peak
accrual at a young age and the prevention of bone loss
in postmenopausal women are the two primary strate-
gies for the prevention of osteoporotic fractures in later
life [3, 4].

Soy contains protein of biological value equivalent
to that of milk or egg protein, but without the cho-
lesterol, and it is low in saturated fatty acids. Increas-
ingly, more studies have revealed the protective role of
soy foods in a wide range of health conditions
including cardiovascular diseases, cancer and osteopo-
rosis [5, 6, 7]. Recent studies have also shown the
beneficial effect of soy protein supplementation on
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bone mass in peri- and postmenopausal women [8, 9].
Although various soy foods have traditionally been
major components of the Asian diets, only limited data
are available on the beneficial effects of soy in the
Chinese populations. Recent studies have revealed po-
sitive associations between soy phytoestrogens and
protein intake and bone mass in postmenopausal and
young premenopausal women [10, 11, 12].

However, only limited data of soy protein effect on
Caucasian young women [13] are available, and no study
has yet reported the effect of soy protein supplementa-
tion on optimizing bone mass in the Asian adolescent or
young adult populations. We conducted a 12-month
controlled intervention study to investigate the effects of
calcium-fortified soymilk (Calciplus) supplementation
on bone mineral density and bone mineral content in
Chinese adolescent girls aged 14 to 16 years.

Materials and methods
Study sample

The study was conducted among 210 adolescent girls
aged 14 to 16 years. The subjects were recruited from six
secondary schools of comparable academic status. The
participating schools were assigned either to the inter-
vention or control group with the aim of achieving
about equal numbers of girls in each group. Girls with
disease conditions or medications affecting their bone
mineral density and subjects with soy allergy were ex-
cluded from the study. All participants received an
educational talk on ““bone health in adolescents’ at the
beginning of the study. Ethical approval was obtained
from the University Ethics Committee. Informed con-
sent was obtained from the participants as well as from
their guardians.

Baseline data collection

At baseline, all participating subjects provided demo-
graphic information, age at menarche, menstrual cycle
length, medication use and history of diseases through
use of a structured questionnaire administered through
face-to-face interviews. Leisure-time physical activity
(PA) was measured using a modification of the Minne-
sota Leisure Time PA Questionnaire, which had been
previously validated and used in local studies on bone
mass in adolescents and young women [14, 15]. The
reference period used was the previous 12 months. The
metabolic equivalents (MET, defined as the multiples of
resting oxygen consumption) expended performing each
activity were calculated based on the published and
adapted values from McArdle et al. [15, 16]. The total
MET was based on the reported time spent on each
activity and the MET values for each activity. Physical
activities were classified as either weight-bearing or non-
weight-bearing in order to assess the impact of each

activity on specific skeletal sites. Weight-bearing activi-
ties included PA that subjects had to perform on their
feet.

Dietary intake was measured at baseline and at
12 months using 3-day food records that were com-
pleted by each girl after receiving 30 min of training at
school about food amounts, portion estimation and
utensil sizes. The girls were also given food portion
photo booklets to help them estimate and record the
amounts of the foods and beverages taken. The dietary
data were later analyzed for nutrients using Nutritionist
Pro Version 2.1 nutrient composition software (First
DataBank, Inc., Indianapolis).

Bone mineral density (BMD) was measured at
baseline and at 12 months with a Delphi QDR series,
Hologic dual-energy X-ray densitometre (Hologic, Inc.,
Bedfold, Mass.) at the spine (L1-L4) and hip (femoral
neck, trochanter and intertrochanter and total hip).
Calibration was performed daily on a lumbar spine
phantom. The coefficient of variation (CV) of mea-
surements with the spine phantom was 0.372. The in-
vivo CV% based on 27 subjects was 0.879 for spine
BMD, 1.044 for hip BMD, 1.74 for femoral neck
BMD, 1.32 for trochanter BMD and 1.66 for inter-
trochanter BMD. Height (to the nearest mm) and
body weight (to the nearest 0.1 kg) were measured
with an upright balance scale (Health-O-Meter, Inc.
Bridgeview, Ill.).

Urine samples were obtained at baseline, at 6 and
12 months. Urinary N-telopeptide (NTx), a bone
resorption marker, was measured by a commercially
available enzyme-linked immunosorbent assay (ELISA)
that uses a specific monoclonal antibody directed against
the N-telopeptide intermolecular cross-linking domain
of type I collagen of bone (Ostepmark, Ostex Interna-
tional, Inc., Seattle, Wash.). Intra-assay variability was
assessed using 61 duplicate urine specimens. The CV%
was 7.2%. Total assay precision was evaluated by testing
the level I urine control and the level II urine control.
The inter-assay variability was 5.52% (level I) and
9.13% (level IT) at a mean value of 374.9 nM BCE and
1,324 nM BCE, respectively. The intra-assay variability
was 4.70% (level I) and 9.24% (level II).

Intervention

The intervention began after baseline 3-day food records
had been obtained, PA questionnaires had been
administered and physical measurements of bone min-
eral density had been completed. Girls in the interven-
tion group were supplied daily with 375 ml of calcium-
fortified soymilk (Calciplus) beverage containing
142.5 kcal, 6.75 g protein, 4.1 g fat, 600 mg Ca and
54 mg isoflavones. The control group girls did not take a
placebo. None of the subjects in either group received
instructions regarding diet or physical activities. The
subjects were unaware of the specific study hypothesis or
of the participation of another group.



Follow-up data collection

A repeat of baseline measurements was performed
among all girls in both groups after 12 months. The
growth stage of each girl was ascertained by the gain in
height over the follow-up period. Classification of
growth stage was adopted from that used by Bollen [17],
with no gain in height classified as non-growth stage: 2—
4 cm/year was classified as descending growth stage,
and <2 cm/year as ‘end-of-growth stage.’

Statistical analysis

One hundred ninety-nine subjects completed the study.
Five girls from the control group and six from the
intervention group refused to participate in the follow-
up study. Reasons for drop-outs included change of
school, overseas study and bulky feeling after drinking
soymilk. An intention-to-treat analysis was performed
using all available data from the 199 subjects. Com-
parisons of the baseline characteristics of the partici-
pants, including the dietary intake, physical activity,
bone mineral density (BMD) and content (BMC) and
reproductive history, were made between the interven-
tion and control subjects. T -tests or chi-square tests
were used to compare the baseline and follow-up char-
acteristic between the two groups.

Analyses included comparisons of the two study
groups in their baseline characteristics. Percentage
changes (defined as follow-up BMD/C — baseline BMD/
C divided by baseline BMD/C) of BMD/C at the spine
and hip regions were compared between the intervention
and control groups by two-sample ¢ -tests, as well as by
analysis of covariance, taking into account the covari-
ates (height, weight, baseline and follow-up dietary cal-
cium intake, total energy intake, weight bearing and
total PA as well as growth stage). Stepwise multivariate
analysis was used controlling for the covariates (with
group forced in the model; F to enter =0.05, F to re-
move =0.01).

Results

The baseline characteristics of the participants were
comparable in the two groups. The mean follow-up time
was 11.62 (SD=0.76) months. The mean age of the
participants was 14.5 (0.6) years. The mean height and
weight were similar, and mean body mass index was
19.4. The mean dietary calcium intake was around
510 mg/day. Except for soy protein, which was slightly
higher in the intervention group, the energy intake and
other dietary variables were similar between the two
groups. None of the girls smoked. Only one claimed to
have an alcoholic drink at least once per week. A few
girls in the intervention group had a history of fracture,
while none was reported by the control group. More
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girls in the control group reported a history of fracture
among their paternal grandmothers, but no statistically
significant difference was found.

The mean age of menarche was about 12.1 (1.07)
years in both groups. The amounts of time spent in
weight-bearing and non-weight-bearing activities were
also similar. One-third of the girls considered they were
less active compared with girls of similar age. Tables 1
and 2 show the follow-up measurements. Both groups
had an overall similar increase in height and weight, and
over 90% of the girls in both groups had already ap-
proached the end stage of their growth. The dietary
nutrient intakes were similar except for lower Ca and
phosphorus intakes in the intervention group before
taking into account the soy milk supplementation.

The BMDs and total BMC at the spine and hip sites
were also similar at baseline (Table 3). An increase in
bone acquisition was observed in both groups (Fig. 1).
The percentage increases in the spine BMD and BMC
were similar. However, the intervention group had a
statistically significantly higher percentage increase of
BMC for the total hip as well as BMDs at the tro-
chanteric, intertrochanteric and total hip. A reduction of
urinary excretion of type I collagen cross-linked N-te-
lopeptides (NTx) was noted in both groups over the
follow-up period at 6 and 12 months.

The associations between soy supplementation and
bone acquisition at the various bone sites were similar
when individually adjusted for growth stage, body size,
mean physical activity or mean dietary intake variables
of baseline and follow-up values. The stepwise multi-
variate regression analyses simultaneously controlling
for these covariates also confirmed that soy supple-
mentation had a statistically significant effect on per-
centage increase in BMC and BMD at the hip sites
(Table 4). Growth stage was an important predictor of
bone acquisition and was retained all the final models.

Discussion

We found that a 1-year calcium-fortified soy milk sup-
plementation of 375 ml per day had a positive effect on
bone accretion at the hip sites in adolescent girls. Girls in
the iintervention group were consuming about 54 mg
isoflavones per day. Previous intervention trials with soy
protein containing this amount of isoflavones in Cau-
casians have been ineffective in improving bone health in
postmenopausal women [8, 9]. However, observational
studies among Chinese women, including those of cross-
sectional [11] and longitudinal design [10], have gener-
ally shown positive associations between habitual soy
intake and bone health, particularly at the hip sites. A
daily consumption of 54 mg soy isoflavones would be at
the high intake range of these population-based studies.
No study has yet specifically investigated the effect of
soy isoflavone supplementation on adolescent bone
health.
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Table 1 Baseline characteristics of intervention and control groups

Control Intervention P value*
(n =95) (n =104)
Age (years) 14.50+0.39 14.47+0.75 0.694
Body measurements
Height (m) 1.59+0.07 1.58+£0.05 0.689
Weight (kg) 48.70 £8.74 48.75+7.13 0.969
BMI 19.24+2.73 19.39+2.59 0.691
Grip strength (kg) 19.41+4.73 19.87+4.82 0.501
Dietary intake
Energy (kcal) 1,956.11+£499.25
1,926.18 £448.22 0.658
Protein (g) 89.48+32.14 86.29+27.13 0.452
Carbohydrate (g) 253.30+70.61 257.84 £ 69.04 0.649
Fats (g) 66.12+23.39 64.69+20.80 0.652
Cholesterol (mg) 327.15+£154.29 314.89+136.48 0.555
Saturated fat (g) 16.55+7.05 15.40+6.45 0.233
Mono unsaturated fat (g) 18.96 £7.85 18.33£8.26 0.588
Poly unsaturated fat (g) 10.55+5.06 10.02+4.71 0.447
Soy protein (g) 1.17+£2.47 2.61+3.89 0.002
Calcium (mg) 513.68+217.99 511.03+£215.94 0.932
Sodium (mg) 2,174.10+863.85
2,245.58 £782.15 0.543
Vitamin C (mg) 111.98 +£72.58 131.12+93.40 0.109
Vitamin D (mg) 1.90 +2.40 1.63+2.00 0.391
Phosphorous (mg) 878.93 +£346.99 806.82+319.72 0.131
Fiber (g) 9.56+5.40 10.49+7.26 0.311
Physical activities
Weight bearing 825.50+ 1163.64 850.39 £2160.27 0.921
Non-weight bearing 108.49 +130.72 116.31+364.37 0.855
Total 919.99 +1199.65 949.60 +2203.47 0.909
Activity level compared with similar age
Less active 29 31.5 37 37.0 0.330
Same 45 48.9 51 51.0
More active 18 19.6 12 12.0
n % n %
History of fracture
Own fracture history (yes) 0 - 3 2.9 0.256
Mother fracture history (yes) 0 - 2 2.0 0.617
Paternal grandmother (yes) 8 8.4 1 1.0 0.086
Maternal grandmother (yes) 4 4.2 6 5.8 0.589
Menstrual history
Age of menarche 12.08 £ 1.09 12.11£1.06 0.861
n % n %
Regular period
No 41 432 57 54.8 0.031
Yes 27 28.4 33 31.7 -
Don’t know 27 28.4 14 13.5 -
Days between periods 31.58+7.59 32.18+8.4 0.977
(n =80% (n =939
Period missed
No 65 70.7 77 74.0 0.596
Yes 27 29.3 27 26.0 -
Times period missed 2.7042.49 2.45+2.76 0.760
(n =23% (n =22
Weight
Weight change over past year
Gain 25 lbs 15 16.1 17 16.7 0.126
Loss =5 Ibs 2 2.2 4.9
Fluctuation 9 9.7 5 4.9
About the same 63 67.7 75 73.5
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Control Intervention P value*
(n =95) (n =104)
Don’t know 4 4.3 0 -
Lbs gained over past year 591+3.92 5.29+2.65 0.546
(n =22) (n =21)
Lbs lost over past year 7.25+3.86 4.84+1.81 0.161
(n=4 (n =8)
* P value from ¢ -tests or y tests, testing between control and intervention groups
“Number smaller than the total number in the group as girls with irregular cycle were not included
Table 2 Measurements at follow-up and percent change in control and intervention groups
Control Intervention P value*
(n =95) (n =104)
Body measurements
Height (cm) 159.30 £6.62 159.00 £5.22 0.658
% change over follow-up 0.32+0.51 0.30+0.53 0.797
Weight (kg) 49.90 £8.71 50.20+6.90 0.779
% change over follow-up 2.66 +£4.94 3.26+4.77 0.385
BMI (kg/cm?) 19.60 £2.69 19.90 £2.62 0.454
% change over follow-up 2.00£4.88 2.63£4.66 0.350
Days between periods 30.84+7.29 31.03+7.99 0.859
% change over follow-up 0.80£22.67 -2.32+11.22 0.245
(n =79 (n =924
Physical activities at follow-up
Weight bearing 574.5+453.0 587.2+639.2 0.873
Non-weight bearing 98.6+135.2 81.4+107.5 0.370
Total 663.8 £471.7 649.0 £669.2 0.859
Physical activities (METs: mean of baseline and follow-up)
Weight bearing 702.0 +694.0 723.6+1140.6 0.875
Non-weight 108.5+£114.8 107.0 £225.7 0.959
Total 793.7+724.0 803.9+1170.9 0.942
Dietary variables at follow-up (n =84) (n =995)
Energy (kcal) 1,829.0 +£458.5 1,814.9+420.3 0.827
Protein (g) 81.4+27.3 80.4+£26.2 0.813
Sodium (mg) 1,967.9+797.2 1,901.1+£783.3 0.573
Soy protein (g) 1.12+2.76 1.67+2.94 0.174
Vitamin C (mg) 101.0£52.4 114.3£81.2 0.194
Calcium (mg) 558.7+224.7 496.1 £211.0 0.056
Vitamin D (mg) 22420 1.8+2.9 0.421
Phosphorous (mg) 848.7+£255.6 780.3+£277.9 0.090
Fiber (g) 9.6+4.5 9.7+5.3 0.889
Caffeine (mg) 12.5+21.3 15.8+30.9 0.399
Dietary variables (mean of baseline and follow-up)
Energy (kcal) 1,897.9+385.9 1,863.7+341.9 0.530
Protein (g) 85.3+232 83.3+20.1 0.527
Sodium (mg) 2,076.2 +680.2 2,056.8 +593.7 0.839
Soy protein (g) 1.14+1.86 2.14+2.49 0.002
Vitamin C (mg) 106.7£53.0 123.5+70.1 0.070
Calcium (mg) 532.7+181.3 503.1+167.6 0.258
Vitamin D (mg) 22+19 1.7£1.9 0.299
Phosphorous (mg) 864.8 £226.4 792.4+225.6 0.034
Fiber (g) 9.6+4.1 10.2+5.2 0.428
Caffeine (mg) 15.7+£18.7 16.2+19.2 0.854
Growth stage (baseline to follow-up) n Y% n Y%
Descending 2+ cm/year 6 6.3 5 4.8 0.815
End stage <2 cm/year 64 67.4 74 71.2
Non-growing 0 cm/year 25 26.3 25 24.0

* P value from  -tests or y° tests, testing between control and intervention groups*Number smaller than the total number in the group as

girls with irregular cycle were not included
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Table 3 Baseline and follow-up values of BMD, BMC, NTx and percentage changes over follow-up in control and intervention groups

Control Intervention P value' Mean % increase
of intervention
over the control group

(n =95) (n =104)

BMD

Spine

Baseline 0.873+0.103 0.870+0.105 0.828

Follow-up 0.905+0.104 0.900+0.104 0.754

% change 3.640£2.610 3.500 £2.700 0.703 (-4
P value <0.001 <0.001

Neck

Baseline 0.748 £0.118 0.732+0.102 0.286

Follow-up 0.762+0.124 0.750+0.103 0.458

% change 1.840+3.490 2.660 +2.940 0.075 45
P value <0.001 <0.001

Trochanter

Baseline 0.636+0.100 0.636+0.088 0.983

Follow-up 0.646 +0.104 0.657+0.093 0.434

% change 1.600 £ 2.940 3.300+£3.270 <0.001 106
P value <0.001 <0.001

Intertrochanteric

Baseline 0.952+0.127 0.949+0.116 0.879

Follow up 0.973+£0.130 0.983+0.117 0.582

% change 2.320+£2.950 3.610+£3.050 0.003 56
P value <0.001 <0.001

Total hip

Baseline 0.822+0.113 0.817+0.100 0.747

Follow-up 0.839+£0.117 0.843+0.101 0.833

% change 2.050+2.220 3.110+£2.390 0.001 52
P value <0.001 <0.001

BMC

Spine

Baseline 45.6+8.12 46.2+8.49 0.627

Follow-up 47.8+8.26 48.4+8.67 0.613

% change 5.07+3.96 5.12+4.36 0.944 1
P value <0.001 <0.001

Total hip

Baseline 23.8+4.57 23.4+4.00 0.559

Follow-up 2444484 24.3+4.05 0.829

% change 2.58+£2.96 3.754+3.05 0.006 45
P value <0.001 <0.001

NTx-creatinine ratio (nmBCE/mMCr)

Baseline 141.7+69.1 155.4+98.4 0.278

Follow-up (6 m) 90.3+£77.8 91.7+61.4 0.891

Follow-up (12 m) 81.6+64.1 86.2+52.4 0.592

Changes (6 m) -62.7+78.7 —73.7+82.2 0.370

Change (12 m) —67.7+65.8 —74.1+93.7 0.619

% change (6 m) -37.4+52.8 -38.7+33.0 0.841

% change (12 m) -36.7+56.3 -35.5+49.9 0.885

P value’ <0.001 <0.001

P value® <0.001 <0.001

'P value obtained from 7 -test, testing between control and intervention groups. >P value obtained from paired ¢ -test, testing the changes
of BMDs/BMCs within the same group. *P value obtained from paired 7 -test, testing between the changes from baseline to 6-month
follow-up. *P value obtained from paired ¢ -test, testing between the changes from baseline to 12-month follow-up

Previous local studies have shown higher habitual soy
food intake or soy isoflavone supplementation of 80 mg
per day was associated with better hip bone mass in
postmenopausal Chinese women [11, 12]. A study by
Lydeking-Olsen [18] also showed that calcium-fortified
soymilk was well tolerated by postmenopausal women

and was associated with better bone health. Very few
studies have investigated soy intake in young women or
adolescents. A longitudinal study in young premeno-
pausal Chinese women noted an association between
higher habitual soy intake and better maintenance of
peak bone mass [10]. However, a study by Anderson



Fig. 1 Percentage changes
(mean = SD) of bone mineral
density/content at different
bone sites
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et al. [13] observed no effect of soy protein supplemen-
tation on bone mass in young women, but the study
sample size was small.

The mechanisms of the effect of soy on bone health are
still unclear. Researchers have proposed several mecha-
nisms by which soy might benefit bone health. Increased
isoflavone intake could alter the serum estrogen con-

Il Control
[] Intervention
Tmchamer Inter- Total hlp Total hip Spine Spine
trochanteric BMC BMC
BMD
ok p<0001
centrations, but the limited available data so far have

shown inconsistent findings [19, 21]. Soy isoflavones
could also exert a direct effect on estrogen-receptors in
bone cells, and might inhibit bone resorption or stimulate
bone formation [22, 23]. Other mechanisms could be
related to the effect of soy in the enhancement of calcium
absorption and the reduction of urinary calcium excre-

Table 4 Final model from stepwise multivariate regression analysis on effect of intervention on percentage change of BMD/BMC

controlling for covariates

% change B SE of B P value
Bone mineral density (g/cm?)

Spine

Group 0.156 0.441 0.724
Growth stage -1.150 0.413 0.006
Femoral neck

Group 1.379 0.533 0.011
Growth stage —-0.988 0.499 0.050
Trochanter

Group 2.130 0.518 <0.001
Growth stage -1.077 0.485 0.028
Intertrochanteric

Group 1.031 0.493 0.038
Growth stage -1.441 0.462 0.002
Calcium intake —-0.004 0.002 0.006
Energy intake 0.002 0.001 0.045
Total hip

Group 1.144 0.376 0.003
Growth stage -1.188 0.352 0.001
Calcium intake —-0.004 0.001 0.002
Energy intake 0.001 0.001 0.014
Bone mineral content (g)

Spine

Group 0.262 0.708 0.711
Growth stage -2.311 0.665 0.001
Total hip

Group 1.612 0.486 0.001
Growth stage -1.890 0.457 <0.001
NTx-Creatinine ratio (nmBCE/mMCr)

Group -5.923 9.822 0.548

Note: The ‘group’ variable (0 =control, 1 =intervention) was forced to enter into the model; other variables entered into the stepwise
model were height, weight, mean intake of calcium, protein, soy protein, total energy over baseline and follow-up period (vitasoy intake
excluded), weight-bearing, non-weight bearing, total activities (energy expenditure) at baseline and growth stages (criteria used were F to

enter =0.05; F to remove =0.10)
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tion [24, 25]. However, the calcium-conserving effect of
soy protein or isoflavones are still inconclusive.

Another postulated mechanism could be related to
the promotion of insulin-like growth factor-1 (IGF-I).
Arjmandi et al. [23] have reported that soy or its isof-
lavones promote IGF-I production in rats and in hu-
mans [25]. As IFG-I is known to increase osteoblastic
activities in humans [26, 27], the anabolic effect may
result in appositional growth resulting in an increase in
BMC as observed in this study. In an 18-month con-
trolled trial, Cadogan et al. [28] reported an increased
serum IGF-I in the milk supplementation group of
adolescent girls, and a predominantly enhanced bone
acquisition in the lower body segment. Our observation
is consistent with these findings with a higher percentage
of bone gain at the sites of the hip rather than the spine.
Previous observation and clinical trial studies in older
Chinese women have also reported stronger soy protein
or isoflavone effects on the hip BMD or BMC than that
of the spine [11, 12]. Other explanations for the differ-
ential effects of calicum-fortified soymilk supplementa-
tion with significant effect on the hip, but not on the
spine, might be due to the largely completed vertebral
growth among these girls who were approaching the end
stage of growth. The physical activities have also been
comparable among the intervention and control groups.
However, the exact mechanism for the inconsistent ef-
fects on the spine and hip remain uncertain.

The soymilk supplement was fortified with 600 mg
calcium. Although there is no universal agreement on
how much calcium is needed by adolescents for optimal
bone mineral accretion, a customary calcium intake at a
mean intake of 500 to 550 mg/day is inadequate
according to the recommended intake of 1,200 mg for
Chinese adolescents aged 1315 years and 1,000 mg for
Chinese adolescents aged 1617 years [29]. Thus, the
600 mg supplementation would increase the intake to
close to the recommended levels. Previous studies have
generally reported that calcium supplementation during
adolescence is beneficial [30], particularly in Chinese
children [31, 32] whose intake, as previously noted, is
customarily lower than among Caucasian children. A
co-twin study among girls with a mean age of 14 years
found an increase in BMD at the spine and hip in the
twin with calcium supplementation [33]. A study in
Chinese children also supported these findings [31].

The majority of the observational studies based on
dietary sources of calcium have also supported that in-
creased calcium intake protects the skeleton [34]. How-
ever, for most of these studies, the calcium has mainly
come from dairy sources [28, 30, 35, 36]. Our study is the
first using calcium fortified into the traditional Chinese
beverage of soymilk.

Bone modeling is a continuous process devoted to the
development of the skeleton during the pubertal growth
spurt. Previous studies revealed that bone turnover was
maximal in mid-puberty, and decreased in late puberty
[37]. NTx, a marker for bone resorption, correlates with
the changes in growth rate during adolescence. Over

95% of the girls in both our study groups were already
approaching the end stage of growth, as signified by a
plateau or small height gain over the follow-up period.
Accordingly, we found a significant decline in NTx levels
over the follow-up period reflecting a decrease in bone
modeling. A previous prospective study of bone
resorption marker in adolescents also showed NTx
excretion declines in girls after menarche [16]. Though
the reduction was slightly higher in the intervention
group, we have noted a similar decline in both our study
groups. Therefore, the growth stage, a significant vari-
able retained in the final stepwise multivariate regression
models for all selected bone sites, had probably had a
more dominant effect in the bone resorption marker.
Our results also corroborate a previous study on ado-
lescent girls [28], where NTx levels were similar in both
the milk supplementation and control groups through-
out the trial though there was a significant bone acqui-
sition in the former group.

Other nutrients and lifestyle could have been poten-
tial confounders. We collected information on dietary
intake and physical activity at baseline, as well as at one
year. We found that baseline dietary intakes were similar
between the intervention and control groups. However,
the intervention group had a higher baseline intake of
soy protein, but the mean difference was only about
1.5 g. The follow-up data showed there was a reduction
of reported energy intake in both groups at follow-up.
The control group also had slightly higher total protein
and dietary calcium intakes at follow-up than the
intervention group. The difference could have been due
to a lower milk consumption in the intervention group,
as they were receiving the soy milk supplementation.

We did not control the diet by providing the subjects
with foods during the study period. Controlling for diet
was unpractical given this was a 1-year study, and the
target group was free-living adolescent girls. The
uncontrolled diet and lifestyle are more likely to reflect
the girls’ habitual situation and enhance compliance
throughout the study, as well as, in the intervention
group, indicate the feasibility of daily calcium-fortified
soy milk as a potential and acceptable intervention
strategy for this population group.

Based on this study result, we are unable to conclude
which component(s) of the calcium-fortified soymilk, or
their combined effect, resulted in the beneficial effect on
bone health. Soy isoflavones in combination with forti-
fied calcium, and possibly also a wide range of other
nutrients or phytochemicals contained in soy milk,
might have exerted the effect. For example, the conver-
sion of isoflavones to equol metabolites enhances the
endocrine effects of isoflavone ingestion, and studies [38]
have shown that the ability to metabolize daidzein to
equol is enhanced or better maintained with habitual
intake of soy foods.

Though we are unable to delineate which is/are the
effective component(s), we are able to conclude that
supplementing the diet of adolescent girls with calcium-
fortified soymilk was effective in increasing hip BMD



and BMC. Daily consumption of soymilk, a culturally
accepted food for Chinese youths as well as adult pop-
ulations, is thus a practical approach for achieving
optimal bone accretion.

In view of the fast-growing rate of hip fractures in
Asia, a public health approach of prevention in early life
should include targeting children and adolescents going
through periods of fast growth and bone mineral
accretion accounting for a large proportion of total bone
mass gained over a lifetime. A plant-based diet together
with adequate calcium intake has been recommended as
a major strategy [39] for bone health. Thus, soy milk
with calcium fortification is good food choice in the
Asian context.

In conclusion, this study suggests that daily calcium-
fortified soymilk consumption at less than two glasses
per day may be an acceptable and effective strategy for
maximizing peak bone mass in adolescent girls.
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