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Abstract

A 12-month, dose–response, randomised, intervention trial was conducted to determine adequate Ca intake levels for Chinese adolescents

by investigating the effect of Ca supplementation on bone mineral accretion. A total of 220 Han adolescents (111 girls and 109 boys) aged

12–14 years were recruited. All subjects were randomly divided into three groups. The bone mineral content (BMC) and bone mineral

density (BMD) of the whole body, lumbar spine (L1–L4), left hip and femoral neck were measured by dual-energy X-ray absorptiometry.

Girls in the high-Ca group (actual Ca intake: 1243 (SD 193) mg/d) exhibited greater increases in the femoral neck BMC compared with those

in the low-Ca group (9·7 v. 6·4 %, P ¼ 0·04) over the 1-year intervention period. The increases in femoral neck BMC were greater in boys in

the high-Ca and medium-Ca groups (actual Ca intake: 985 (SD 168) mg/d) than in those in the low-Ca group (15·7 v. 11·7 %, P ¼ 0·03; 15·8

v. 11·7 %, P ¼ 0·03). Ca supplementation had significant effects on the whole-body BMC and BMD in subjects with physical activity

levels . 34·86 metabolic equivalents and on the spine BMD and BMC and BMD of most sites in subjects with Tanner stage , 3. Increasing

Ca intake levels with Ca supplementation enhanced femoral neck mineral acquisition in Chinese adolescents. Furthermore, high physical

activity levels and low Tanner stage appeared to significantly contribute to the effect of Ca supplementation on bone mass.

Whether this is a lasting beneficial effect leading to the optimisation of peak bone mass needs to be determined in other long-term

prospective studies.
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Background

Ca deposition in bones is an ongoing process that occurs

throughout childhood and persists into adolescence, reaching

maximal levels during the pubertal growth spurt(1). Bone

mineral density (BMD) acquisition during childhood and

adolescence is very important for adult bone mass accrual and

skeletal formation(2,3), as approximately 45–50 % of the adult

skeletal mass is acquired during these periods. Therefore,

childhood and adolescence are considered to be crucial periods

for maximising genetically predetermined peak bone mass

through the modification of lifestyle and environmental factors.

Peak bone mass and subsequent bone losses are important

determinants of osteoporosis later in life(4). Maximising peak

bone mass is advocated as a way to prevent osteoporosis. As a

prerequisite to the elaboration of any preventive programme

aimed at maximising peak bone mass, it is important to deter-

mine how the rate of skeletal growth at clinically relevant

sites, such as lumbar spine and femoral neck, proceeds in

relation to age and pubertal stages in both sexes(5).

Even though genetic predisposition determines up to 80 %

of peak bone mass(6), environmental factors such as nutrition

and physical activity play important roles in the achievement

of maximum bone mass(7). Given the uncertainties in

understanding the cumulative impact of genetic and environ-

mental factors on bone mass throughout life, the question of

whether maximal, optimal or ‘peak’ bone mass can be achieved

on a lasting basis through dietary manipulation and/or use

of supplements has not been resolved completely(1). Although

Ca increases the parallel markers of bone formation, which

supports the hypothesis that Ca intake during the early-to-late
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pubertal stage influences the peak rates of Ca deposition

in bones during pubertal development, the role of Ca intake in

bone mineralisation during adolescence remains contro-

versial(8–12). An earlier study has followed prepubertal males

and females for 18 months after Ca supplementation and

found gains in the bone mineral content (BMC) and bone area

of the lumbar spine; however, the increases in bone accretion

disappeared after the withdrawal of supplementation(13). In a

longer-term randomised clinical trial, Matkovic et al.(14)

evaluated the effects of Ca supplementation on bone accretion

during the transition from childhood to early adulthood. They

found significant increases in bone accretion for total bone

density and distal and proximal radius and metacarpal indices

after 4 years of supplementation; by 7 years, however, only

theproximal radius andmetacarpal indices still exhibited signifi-

cantly increased bone accretion in non-supplemented controls.

These findings corroborate a role for Ca intake in skeletal

formation; however, they also suggest that bone accretion

diminishes during skeletal consolidation in late adolescence,

and attainment of peak bone mass was transient for some

skeletal sites, even though the study subjects continued using

Ca supplements through year 7.

There is also much evidence indicating that improvements

in bone mass can occur through physical activity and Ca

intake. However, such studies are limited in Asian children

and adolescents. The Chinese dietary reference intake

(DRI)(15) suggests that adequate Ca intake levels for children

and adolescents are 800 and 1000 mg/d, respectively, which

are based on data from Western countries. In reality, Ca

intake levels of mainland Chinese adolescents are consistently

reported at approximately 300–440 mg/d(16), which are much

lower than the DRI. Whether these levels meet the needs of

Chinese adolescents requires evaluation in these individuals.

Because of inconclusive data on Asian adolescents, the

synergistic relationship between Ca intake and other factors

such as physical activity, and the fact that most previous

studies on the effect of Ca supplementation on bone mass

accretion were based on two groups (control and

supplement), the optimal Ca intake levels for achieving

maximum bone mass have not been determined. The present

study investigated the dynamic development of BMC and

BMD with three doses of Ca supplementation in 12- to

14-year-old adolescents for 1 year using dual-energy X-ray

absorptiometry (DXA) to determine Ca intake levels necessary

for maximising bone mass based on sex, pubertal stage,

ethnicity and physical activity levels.

Subjects and methods

Subjects

The present study was a double-blind, randomised, 1-year

longitudinal intervention trial. In total, 374 of the 1346 first-

grade students from four middle schools in urban Guangzhou,

in southern China, were recruited between November 2009

and February 2010. Of these 374 students, 220 Han adolescents

(including 111 girls and 109 boys) aged 12–14 years with good

compliance (evaluated by retrieving milk drinking diaries and

food records) were included in the formal study and randomly

assigned to one of the three study groups. Subjects with the

following conditions or behaviours were excluded: fracture or

recovery from fracture in the previous year; consumption of

vegetarian diet; consumption of Ca supplements or any other

medications that affect bone metabolism; history of deformity,

hereditary disease, psychosis, cancer, thyroid disease, para-

thyroid disease, renal failure or autoimmune diseases. The

present study was conducted according to the guidelines set

forth by the Declaration of Helsinki, and all procedures invol-

ving human subjects were approved by the Research Ethics

Committee of Sun Yat-sen University. Written informed consent

was obtained from all subjects.

A randomisation schedule for all subjects was stratified by the

median BMD of the lumbar spine (L1–L4). Block randomisation

in block intervals of 15 was used for the random assignment of

subjects. A list of random numbers was generated using a

computer. Researchers with no contact with the study subjects

and who were not involved in data collection or analysis

performed the randomisation and labelled the supplements.

Serial numbers and the corresponding supplements were

assigned to the eligible subjects in the order of final enrolment

in the trial. The subjects, investigators and laboratory technicians

were blinded to the treatment assignment until the conclusion

of the trial.

The subjects were assigned to one of the following three

intervention groups: low Ca (40 g milk powder þ 5mg

(200 IU) vitamin D); medium Ca (40 g milk powder þ 300 mg

Ca þ 5mg (200 IU) vitamin D); high Ca (40 g milk

powder þ 600 mg Ca þ 5mg (200 IU) vitamin D). Thus, the

total supplemental Ca levels were 300, 600 and 900 mg/d for

the low-Ca, medium-Ca and high-Ca groups, respectively.

All milk powders used in the present study had the same

colour, appearance and smell. Each package was labelled

‘special calcium supplement’, with group A, B or C denoted

on the box. The supervisor of the project generated the

group and the number code for the milk powder supplements

using a randomised block design. Neither the investigators nor

the subjects knew the number code that corresponded to the

type of supplement. After laboratory analysis, group codes

were disclosed for data analysis.

Determination of dietary calcium intake and physical
activity levels

A questionnaire was administered before the study to collect

information from the subjects and their parents on their health

history, medication use, socio-economic status, pattern of

dairy product consumption, and past and present intakes of

Ca and vitamin D supplements. The daily dairy diary was

used to record the frequency and quantity of consumption of

the supplements. Information on the consumption of other

dairy products and Ca or vitamin D supplements was also

collected during interviews at the mid-trial and end-trial

monitoring periods.

Dietary nutrient intake (mg/d) was assessed using 3 d

(two weekdays and one weekend day) food records every

6 months; the FFQ was designed at Sun Yat-sen University
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and had forty-three items at 0 and 12 months. The validity of the

FFQ was evaluated based on previous studies. Information

regarding foods, including snacks, self-administered by the sub-

jects was recorded in the 3 d food records. Details regarding

food consumption were recorded by the subjects’ guardians,

who were instructed to estimate portions using household

measures and food models, and validated via in-person inter-

views. The FFQ was administered by professionally trained

researchers during face-to-face interviews. Chinese measures

of standard-size bowls and spoons were used to quantify food

items with the assistance of a set of food measuring models.

These food diaries helped to monitor compliance to the inter-

vention protocol and to assess longitudinal dietary intake

throughout the study. Chinese food composition tables and a

data entry program were used to calculate nutrient intake.

The total daily dietary nutrient intake was calculated for each

subject by averaging the results of these methods.

The number of hours that each student spent on daily

physical activity was evaluated using a prospective 3 d (two

weekdays and one weekend day) physical activity record

adapted from Bouchard et al.(17,18) at 0, 6 and 12 months.

Metabolic equivalents (MET) for each activity were calculated

based on activity type, breath and heart rate. The 24 h energy

expenditure for the physical activities was calculated based on

the MET indicated in the questionnaire.

Compliance

Milk drinking diaries and 3 d food records were collected from

the subjects to evaluate the interventional milk and daily food

intakes and to verify whether the subjects consumed any other

forms of milk or supplement. Milk intake during the inter-

vention period was assessed from the number of remaining

milk powder packages recorded in the milk drinking diary

every month.

Anthropometry and pubertal stage ascertainment

The height, weight and blood pressure of each subject were

measured at 0 and 12 months before DXA. The standing

height was determined to the nearest 1 mm using a stadiometer.

Weight was measured in light clothing without shoes to the

nearest 0·1 kg. Blood pressure was measured to 1 mmHg using

a mercury sphygmomanometer.

Pubertal stage was ascertained by self-assessment using

line drawings and written descriptions of the five stages of

puberty, according to Tanner’s definitions(19). The pubertal

status of girls was based on breast and pubic hair develop-

ment and that of boys was based on genital and pubic hair

development.

Bone mineral assessment

The BMC and BMD of the whole body, lumbar spine (L1–L4),

left hip and femoral neck were measured by DXA scanning

using a Lunar scanner (Lunar DPX-NT PRO; GE, Inc.) before

and after the intervention. Bone mass accrual was calculated

from these values. The subjects wore a cotton sport suit

during scanning. The outcome scan was analysed with

reference to the individual subject’s baseline image using the

DXA compare facility. The same technician performed all

measurements. Quality assurance and long-term instrument

stability were assessed by scanning the phantom at the

beginning of each measurement day. Over the course of the

12 months of the study, the CV of BMD of the whole body,

lumbar spine, left hip and femoral neck were 0·83, 0·64, 1·91

and 1·95 %, respectively, with no significant change over time.

Statistical analyses

Data were combined in EpiData 3.1 and Microsoft Excel 2007

databases, and statistical analyses were performed using

the statistical software package SPSS for Windows 13.0 (SPSS,

Inc.). Results are reported as means with their standard

deviations. The baseline characteristics and bone mass of

each group (combining girls and boys) were compared using

a one-way ANOVA. An ANCOVA was performed to

compare bone mass accrual among the groups for each sex

after adjusting for confounding factors. The effect of Ca

supplementation on BMC and BMD, independent of body

size (height and weight), was calculated by the difference in

measurements (1-year measurement 2 baseline measurement)

and the percentage change (%change/year). Other indepen-

dent variables examined were age, pubertal status, Ca intake

and physical activity. With the hierarchy of physical activity

classifications or Tanner stages, a general linear model was

used to determine the association between physical activity or

sexual maturity and bone mass. By combining the girls and

boys to enlarge the sample size in each group, Z-scores

((measurement 2 average)/SD) were used as independent vari-

ables to harmonise the sex difference and the covariates of age,

weight, height, and dietary Ca, P, protein, and energy intakes

were adjusted. Results were considered significant if P , 0·05.

Results

A flowchart depicting participant selection process is shown in

Fig. 1. Of the 220 subjects who were included in the study, 198

completed the 1-year intervention trial, with a dropout rate of

10 %. In total, twenty-two subjects withdrew from the study

before completing the intervention trial. Of these twenty-two

subjects, three dropped out to go abroad andnineteen withdrew

as they did not want to continue taking the supplements. No side

effects were reported due to supplement use during the inter-

vention period. No significant differences were observed in

the anthropometric or other measured characteristics between

the subjects who withdrew from the study and those who

completed the intervention trial (data not shown).

Complete datasets of the 198 subjects who completed

the intervention trial were included in the final analysis.

The overall compliance rate among those who completed

the intervention trial was 92·28 %, as determined by the main-

tenance of dietary intake records. The baseline characteristics

of the intervention groups are given in Table 1. There were

no significant differences among the three groups with
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regard to anthropometric measurements, Tanner stage, nutri-

ent intake, physical activity or bone mass at the measured

sites for each sex.

Based on the FFQ used in the initial screening process,

there were no significant differences in the baseline daily Ca

intake levels in girls (P ¼ 0·905) or boys (P ¼ 0·407) among

the low-Ca, medium-Ca and high-Ca groups. After the 1-year

intervention, Ca intake levels in girls (including supplemental

Ca) in the low-Ca, medium-Ca and high-Ca groups were 706

(SD 148), 1011 (SD 238) and 1243 (SD 193) mg/d, respectively,

and those in boys were 671 (SD 135), 985 (SD 168), and 1327

(SD 251) mg/d, respectively (Table 2). Because of the

restriction imposed regarding consumption of other milk

and dairy products during the present study, the interventional

supplementation accounted for the incremental increases

in Ca intake. Moreover, there was a decrease in Ca intake

levels in all subjects due to dairy product restriction, and a

very similar amount of Ca was added back to the diet via

supplementation in the low-Ca group.

Changes in bone mineral accretion

No effect of Ca supplementation was observed on bone

mass accretion after combining data from the boys and girls.

Furthermore, no significant differences were observed in

BMC and BMD among the three intervention groups at 12

months. The bone mineral characteristics of the three inter-

vention groups at the end of the 12-month intervention

period are not reported.

All the measures increased over the 12-month intervention

period in both girls and boys as would be expected during

growth. However, the change was smaller in girls, including

for height. Although there were no significant differences

in the absolute changes in BMC or BMD in girls among all

groups, the percentage change in BMC (%BMC) of the femoral

neck was significantly greater (P¼0·045; ANOVA). After

controlling for covariates, girls in the high-Ca group had

3·3 % greater BMC gains than those in the low-Ca group.

However, there was no difference either between the high-

Ca and medium-Ca groups or between the medium-Ca and

low-Ca groups (Table 3).

Absolute changes in the femur neck BMC of boys in the high-

Ca and medium-Ca groups were 0·555 (SD 0·130) and 0·579

(SD 0·280) g, respectively, which were significantly greater

than those of boys in the low-Ca group (0·429 (SD 0·150) g,

P,0·05). The %BMC in the high-Ca and medium-Ca groups

was greater than that in the low-Ca group (15·7 (SD 7·1) v. 11·7

(SD 7·6) %, P¼0·03; 15·8 (SD 7·8) v. 11·7 (SD 7·6) %, P¼0·03,

Attended the screening
session: 
Girls: n 38; boys: n 35
Combined: n 73
Withdrew:
Three girls and two boys
lost interest 

Attended the screening
session: 
Girls: n 37; boys: n 36
Combined: n 73
Withdrew:
Five girls and two boys
lost interest
One girl went abroad

1346 individuals screened

1126 excluded
154 did not meet the inclusion
criteria
972 refused to participate

220 randomly assigned
(111 girls; 109 boys)

Low-Ca group 
Girls: n 37; boys: n 36

Combined: n 73

Medium-Ca group
Girls: n 36; boys: n 38

Combined: n 74

High-Ca group
Girls: n 38; boys: n 35

Combined: n 73

Analysed:
Girls: n 31; boys: n 34
Combined: n 65

Attended the screening
session: 
Girls: n 36; boys: n 38
Combined: n 74
Withdrew:
Four girls and three boys
lost interest
One girl and one boy went
abroad

Analysed:
Girls: n 31; boys: n 34
Combined: n 65

Analysed:
Girls: n 35; boys: n 33
Combined: n 68

Fig. 1. Flowchart depicting participant selection process.
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Table 1. Anthropometric, lifestyle and dietary characteristics of the study sample at baseline

(Mean values and standard deviations)

Girls Boys

Low (n 31) Medium (n 31) High (n 35) Low (n 34) Medium (n 34) High (n 33)

Mean SD Mean SD Mean SD P Mean SD Mean SD Mean SD P

Age (years) 12·9 0·4 12·9 0·3 12·9 0·3 0·671 12·8 0·5 12·9 0·4 13·0 0·4 0·259
Weight (kg) 43·8 6·0 45·2 6·6 46·0 6·0 0·391 48·0 13·6 47·9 13·4 47·8 8·0 0·997
Height (cm) 154·2 5·1 155·1 4·4 156·4 5·1 0·179 157·3 8·7 156·1 9·7 156·7 7·9 0·853
BMI (kg/cm2) 18·5 2·7 18·7 2·4 18·8 2·6 0·969 19·2 4·1 19·4 4·0 19·4 2·6 0·492
BMI Z-scores* 0·02 0·9 0·08 1·1 0·05 1·0 0·865 0·03 1·1 0·03 1·1 0·03 0·7 0·949
Tanner stage 0·765 0·97

1 (n) 4 3 5 8 9 7
2 (n) 17 18 19 21 21 22
$3 (n) 10 10 11 5 4 4

Time since menarche (months) 9·1 6·2 12·7 8·8 11·0 0·2 0·21 – – –
Dietary intake (per d)

Energy (kcal) 1970 393 1968 392 1874 397 0·306 2222 531 2285 664 2555 693 0·081
Energy (kJ) 8242 1644 8234 1640 7841 1661 0·306 9297 2222 9560 2778 10 690 2900 0·081
Protein (g) 77 24 78 20 70 22 0·159 88 34 89 34 98 33 0·371
Ca (mg)† 706 276 685 209 710 221 0·905 690 239 720 226 765 220 0·407
P (mg) 1206 400 1147 299 1202 323 0·745 1212 34 1258 377 1390 356 0·141

PA (MET £ h/d)‡ 36·1 3·6 35·9 2·6 35·5 2·4 0·688 36·5 3·5 36·4 3·1 36·6 3·1 0·948

PA, physical activity; MET, metabolic equivalents.
* No supplements were used; Z-score: (measurement2average)/SD.
† Ca from the diet.
‡ Evaluated by MET (kJ/kg £ h).
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respectively). These differences remained significant after

adjusting for covariates. There was no significant difference in

BMC (absolute or percentage value) between the high-Ca and

medium-Ca groups (Table 4).

Physical activity and Tanner stage

Based on the median value (34·86 MET) of 1-year physical

activity levels, the subjects were divided into two groups.

Neither the BMD Z-score change nor the BMC Z-score

change was significantly different in subjects with physical

activity levels ,34·86 MET in the low-Ca, medium-Ca and

high-Ca groups. However, subjects with physical activity

levels .34·86 MET in the high-Ca and medium-Ca groups

had greater whole-body BMD Z-score changes than those

in the low-Ca group (P¼0·01 and P¼0·02, respectively). The

spine (L1–L4) BMD Z-score changes were significantly greater

in both the high-Ca and medium-Ca groups than in the low-Ca

group (P ¼ 0·04; Table 5).

The subjects were also stratified by median Tanner stage

(Tanner stage ¼ 3). Significantly increased whole-body and

femoral neck BMD Z-scores were observed in subjects with

Tanner stage ,3 in the high-Ca and medium-Ca groups.

However, only the medium-Ca group had a higher left hip

BMD Z-score than the low-Ca group. The medium-Ca and

high-Ca groups had higher whole-body, femoral neck and

femoral shaft BMC Z-scores than the low-Ca group (Table 6).

Discussion

This is the first randomised controlled trial that aimed to evaluate

the effects of various doses of Ca supplementation in Chinese

adolescents. The effects of Tanner stage and physical activity

on bone response to different doses of Ca supplementation

were also evaluated using a subgroup analysis. The 12-month

intervention using 600 and 900 mg/d Ca, with actual total Ca

intake levels being 1011 and 1243 mg/d for girls and 985 and

1328 mg/d for boys, led to significant increases in the %BMC

of the femoral neck. The increases were moderate, which is

consistent with growth trends, although differences among the

groups were not as large as expected. Furthermore, physical

activity and Tanner stage were potential factors for bone mineral

accretion. All groups were also supplemented with 200 IU vita-

min D based on the Chinese DRI and assumed to have obtained

adequate vitamin D amounts, allowing better control of the

effect of vitamin D as a confounder on bone accretion. These

findings reveal that Ca supplementation causes a clinically

important decrease in the risk of osteoporosis and fractures

and provides evidence for the need to formulate Ca DRI and

dietary guidelines for Chinese adolescents.

Thegrowth rateof limbs is greater than that of the spinebefore

puberty and decelerates during the peripubertal years when

axial growth accelerates(20). In the present study, the magni-

tudes of the significant increase in bone accretion outcomes in

the high-Ca group compared with those in the low-Ca group

(the effect on %BMC) at the femoral neck in girls and boys

were 9·7 and 15·7 %, respectively. Thus, in adolescents of

either sex, the overall developmental pattern of the femoralT
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neckobserved in thepresent studydid not differ verymuch from

that reported previously(5,21). The study conducted by Samantha

et al.(21) suggests that Ca supplementation significantly increases

size-adjusted BMC of the femoral neck (2·2 %). Johnston et al.(22)

carried out a double-blind, placebo-controlled trial in twins

showing a significant increase in BMD at two of the three

femoral sites. However, the Cochrane Collaboration systematic

review suggests that there are no effects of Ca supplementation

on the femoral neck or lumbar spine BMD, but that there are

small effects on the whole-body BMC and upper-limb

BMD(23). In a 12-month, double-blind, placebo-controlled trial

with 1-year follow-up, 235 healthy prepubertal boys who ate

Ca-enriched foods exhibited an increase in BMD at several

appendicular skeleton sites (the radius, the hip and the femoral

diaphysis), but not at the lumbar spine(24). The differences in the

appendicular sites observed after Ca supplementation in

these studies may be a result of the different ethnicities, age

groups, and levels of physical activity of the patients. There

are substantial differences in bone mass growth according to

age, sex and skeletal site. In females, at the levels of both

the lumbar spine and femoral neck, most of the total gain in

BMD/BMC recorded between 9 and 18 years of age occurs

within a 4-year period from 11 to 15 years of age. Later in life,

BMD gain in females is dramatically reduced. In males, in

whom bone mass accrual is delayed compared with that in

females, the increase in bone mass at the levels of both the

lumbar spine and femoral neck is particularly pronounced

between 13 and 17 years of age(5).

Table 3. Analysis of the means of bone measurements at baseline and after supplementation and the percentage change‡ in
these variables in girls

(Mean values and standard deviations)

Low (n 31) Medium (n 31) High (n 35)

Variables Mean SD Mean SD Mean SD ANOVA ANCOVA

Bone mineral density (g/cm2)
Whole body

Baseline 0·995 0·071 1·007 0·093 1·000 0·082 0·857
1 year 1·036 0·062 1·043 0·066 1·040 0·061 0·825
Change 0·038 0·019 0·036 0·021 0·035 0·022 0·988
Percentage change 3·6 2·2 3·8 2·0 3·6 2·4 0·884 0·606

Spine (L1–L4)
Baseline 0·931 0·121 0·941 0·160 0·947 0·140 0·991
1 year 0·999 0·112 1·0038 0·14 1·005 0·126 0·883
Change 0·061 0·032 0·059 0·037 0·053 0·036 0·926
Percentage change 6·7 5·0 6·9 4·0 6·4 5·0 0·758 0·487

Left hip
Baseline 0·799 0·113 0·816 0·119 0·807 0·116 0·937
1 year 0·838 0·109 0·850 0·127 0·847 0·104 0·767
Change 0·033 0·025 0·035 0·026 0·038 0·025 0·336
Percentage change 4·1 3·0 3·9 3·2 4·3 3·0 0·410 0·214

Femoral neck
Baseline 0·866 0·103 0·871 0·127 0·876 0·111 0·965
1 year 0·903 0·101 0·904 0·134 0·914 0·099 0·686
Change 0·037 0·028 0·038 0·033 0·044 0·036 0·219
Percentage change 4·5 3·5 4·5 3·8 5·4 4·4 0·533 0·286

Bone mineral content (g)
Whole body

Baseline 1715 228 1776 306 1785 275 0·561
1 year 1890 229 1959 279 1958 325 0·688
Change 171 75 183 85 179 74 0·386
Percentage change 10·7 5·3 10·2 4·5 10·5 5·6 0·363 0·161

Spine (L1–L4)
Baseline 39·1 7·6 40·5 10·0 40·1 8·1 0·819
1 year 44·0 7·6 45·1 7·8 44·9 8·4 0·724
Change 5·2 2·6 4·3 2·6 4·7 2·9 0·404
Percentage change 12·6 8·7 12·1 7·5 12·8 9·1 0·750 0·342

Left hip
Baseline 22·2 3·2 22·7 4·0 22·9 3·6 0·692
1 year 23·8 3·1 24·1 4·3 24·2 3·3 0·576
Change 1·5 0·9 1·4 0·8 1·4 0·9 0·832
Percentage change 6·4 4·9 7·0 4·5 6·2 5·0 0·881 0·484

Femoral neck
Baseline 3·4 0·4 3·5 0·6 3·5 0·5 0·641
1 year 3·6 0·5 3·7 0·6 4·0 0·5 0·318
Change 0·270 0·148 0·213 0·180 0·317 0·228 0·098
Percentage change 6·4 5·4 8·2 4·8 9·7*† 5·6 0·045 0·022

* Mean value was significantly different from that of the low-Ca group (P,0·05; ANOVA).
† Mean value was significantly different from that of the low-Ca group on adjusting for the following covariates: age change; weight change; height

change; time since menarche; physical activity; dietary Ca, P, protein, and energy intakes (P,0·05; ANCOVA).
‡ Percentage change: (values at follow-up 2 values at baseline) £ 100/(values at baseline).
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Multiple studies that have evaluated the importance of

adequate Ca intake for bone growth in preteen and adolescent

children have been published(25). Moreover, studies carried

out by Jackman et al.(26) and Matkovic & Heaney(27) have

suggested that Ca retention in adolescents plateaus at a certain

Ca intake level. If Ca intake is below this threshold, there is

bone response. The total Ca intake levels in the low-Ca,

medium-Ca and high-Ca groups in the present study were

706, 1011 and 1243 mg/d for girls and 671, 985 and

1328 mg/d for boys, respectively. The results of the assessment

of changes in bone mineral accretion suggest that Ca require-

ments in 12- to 14-year-old girls might be higher than

1243 mg/d and that 12- to 14-year-old boys might require a

minimum of 985 mg Ca/d. Weight loading on bones during

childhood and adolescence is considered to be an important

determinant of increased peak bone mass(12,28). Some obser-

vational studies have suggested a positive association between

physical activity and muscle strength, bone mass(9,12) or bone

growth(29). A number of intervention studies with weight-

bearing physical activity have confirmed a positive effect of

physical activity on bone growth in children(30–32). Tanner

stage and physical activity levels were found to have different

effects on the response of whole-body BMD and BMC to

Ca supplementation in the present study. The effects of Ca

supplementation in adolescents with high physical activity

levels and low Tanner stage were more significant than

Table 4. Analysis of the means of bone measurements at baseline and after supplementation and the percentage change‡ in these
variables in boys

(Mean values and standard deviations)

Low (n 34) Medium (n 34) High (n 33)

Variables Mean SD Mean SD Mean SD ANOVA ANCOVA

Bone mineral density (g/cm2)
Whole body

Baseline 0·943 0·714 0·972 0·703 0·955 0·603 0·984
1 year 0·986 0·602 1·023 0·706 1·010 0·610 0·959
Change 0·042 0·032 0·047 0·035 0·051 0·029 0·994
Percentage change 4·3 3·2 4·8 3·5 5·3 3·0 0·442 0·476

Spine (L1–L4)
Baseline 0·782 0·108 0·819 0·125 0·798 0·108 0·916
1 year 0·889 0·130 0·910 0·143 0·898 0·120 0·853
Change 0·094 0·032 0·090 0·047 0·088 0·041 0·997
Percentage change 12·0 3·7 11·1 6·2 11·1 5·5 0·867 0·915

Left hip
Baseline 0·876 0·123 0·916 0·111 0·897 0·116 0·917
1 year 0·938 0·165 0·980 0·120 0·967 0·124 0·776
Change 0·063 0·043 0·058 0·036 0·068 0·035 0·636
Percentage change 7·1 5·0 6·4 3·9 7·8 4·4 0·430 0·529

Femoral neck
Baseline 0·853 0·115 0·890 0·126 0·882 0·123 0·936
1 year 0·913 0·139 0·944 0·134 0·942 0·129 0·932
Change 0·065 0·076 0·051 0·039 0·058 0·044 0·986
Percentage change 7·4 4·7 5·6 4·2 7·0 5·2 0·260 0·368

Bone mineral content (g)
Whole body

Baseline 1700 375 1754 377 1740 320 0·819
1 year 2012 429 2059 411 2048 336 0·838
Change 311 108 295 100 319 105 0·490
Percentage change 18·1 4·8 17·3 6·1 18·8 6·5 0·569 0·651

Spine (L1–L4)
Baseline 33·2 8·6 35·7 10·0 34·7 9·8 0·871
1 year 42·0 10·0 43·9 12·1 44·1 10·5 0·571
Change 8·6 3·3 8·0 3·2 8·4 3·3 0·942
Percentage change 26·2 9·5 23·2 8·9 25·2 10·5 0·431 0·502

Left hip
Baseline 23·7 5·4 24·2 5·5 24·1 5·5 0·912
1 year 27·8 6·0 28·1 6·8 28·5 5·6 0·856
Change 4·1 1·8 3·8 1·6 4·2 1·6 0·485
Percentage change 18·1 8·3 16·1 7·2 18·6 8·5 0·397 0·448

Femoral neck
Baseline 3·7 0·7 3·8 0·8 3·7 0·6 0·731
1 year 4·2 1·0 4·3 0·9 4·3 0·7 0·862
Change 0·429 0·150 0·579* 0·280 0·555* 0·130 0·005
Percentage change 11·7 7·6 15·8*† 7·8 15·7*† 7·1 0·040 0·032

* Mean value was significantly different from that of the low-Ca group (P,0·05; ANOVA).
† Mean value was significantly different from that of the low-Ca group on adjusting for the following covariates: age change; weight change; height

change; physical activity; dietary Ca, P, protein, and energy intakes (P,0·05; ANCOVA).
‡ Percentage change: (values at follow-up 2 values at baseline) £ 100/(values at baseline).
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those in adolescents with low physical activity levels and

high Tanner stage. This finding is in contrast to the results

of the Cochrane Collaboration systematic review, which

indicated that pubertal stage, ethnicity, Ca intake or physical

activity did not affect bone mineral accretion at any bone

site(26). This discrepancy may be due to the wide range of

subjects’ age (3–18 years), baseline dietary intake levels

(280–1200 mg) and supplemental Ca doses (300–1200 mg) in

the Cochrane review(26). Ca supplements have different effects

depending on subjects’ age and habitual Ca intake levels.

Several studies have suggested that Ca requirements are high

during the first two decades of life(33–35), and Ca supplements

are more beneficial to children, such as prepubertal children(22)

and Chinese children with habitually low Ca intake levels,

i.e. 400–500 mg/d from the time of weaning(36–38). The present

study subjects had Ca intake levels of 402·8–467·4 mg/d, which

may explain the inconsistent results.

The present study has several limitations. First, the interven-

tion period was not long enough to effectively demonstrate

the effect of Ca supplementation on bone mineral accretion.

Second, the Ca supplementation doses selected were not

sufficiently high to identify a threshold for girls. Finally,

limited by laboratory equipment, BMC and BMD were

measured by DXA rather than by peripheral quantitative com-

puted tomography (pQCT). Although DXA is widely used, it is

less precise than pQCT.

The present study and other published controlled trials

support the hypothesis that an increase in Ca intake levels

in adolescents enhances bone accretion. However, the magni-

tudes of bone accretion as a result of Ca supplementation in

these short-duration trials were moderate and comparable.

The results of the present study and other short-duration Ca

trials indicate that Ca supplements of 300–900 mg/d in

addition to Ca amounts received during daily dietary intake

Table 6. Association between calcium supplementation and bone mass change in adolescents (Tanner stage ,3)
after intervention‡

(Mean values and standard deviations)

Low (n 28) Medium (n 25) High (n 34)

BMD and BMC Mean SD Mean SD Mean SD P Ptrend

BMD Z-score change§
Whole body 20·074 1·487 0·751*† 1·592 0·745* 1·435 0·014 0·034
Spine (L1–L4) 0·132 1·202 0·715* 1·113 0·655* 1·451 0·046 0·162
Left hip 20·140 1·550 0·741* 1·620 0·443 1·201 0·019 0·116
Femoral neck 20·186 1·432 0·492* 1·348 0·431* 1·126 0·011 0·051

BMC Z score change§
Whole body 0·218 1·368 0·636*† 1·364 0·924* 1·346 0·038 0·033
Spine (L1–L4) 0·312 1·242 0·542 1·125 0·765 1·496 0·253 0·188
Left hip 0·060 1·354 0·624* 1·519 0·709* 1·097 0·047 0·057
Femoral neck 0·026 1·512 0·450* 1·457 0·763* 1·086 0·040 0·028

BMD, bone mineral density; BMC, bone mineral content.
* Mean value was significantly different from that of the low-Ca group (P , 0·05).
† Mean value was significantly different from that of the high-Ca group (P , 0·05).
‡ A general linear model was used with the following adjusted covariates: age; weight; height; physical activity; dietary Ca, P, protein,

and energy intakes.
§ Z-score: (measurement 2 average)/SD (adjusted for intervention time).

Table 5. Association between calcium supplementation and bone mass change in adolescents (.34·86 meta-
bolic equivalents) after intervention†

(Mean values and standard deviations)

Low (n 30) Medium (n 37) High (n 32)

BMD and BMC Mean SD Mean SD Mean SD P Ptrend

BMC Z-score change‡
Whole body 0·137 1·476 0·954* 1·840 0·921* 1·533 0·036 0·023
Spine (L1–L4) 0·362 1·285 1·017* 1·662 0·977* 1·545 0·045 0·031
Left hip 0·167 1·755 0·587 1·704 0·797 1·479 0·217 0·083
Femoral neck 0·091 1·726 0·604 1·793 0·761 1·500 0·266 0·063

BMC Z-score change‡
Whole body 0·475 1·410 0·980 1·704 1·042 1·489 0·291 0·038
Spine (L1–L4) 0·481 1·307 0·965 1·787 1·113 1·661 0·278 0·02
Left hip 0·250 1·504 0·710 1·649 0·995 1·322 0·152 0·018
Femoral neck 0·293 1·569 0·688 1·735 0·978 1·250 0·22 0·023

BMD, bone mineral density; BMC, bone mineral content.
* Mean value was significantly different from that of the low-Ca group (P , 0·05).
† A general linear model was used with the following adjusted covariates: age; weight; height; Tanner stage; dietary Ca, P, protein,

and energy intakes.
‡Z-score: (measurement 2 average)/SD (adjusted for intervention time).
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result in a narrow intake range among the supplemental inter-

vention groups. This range does not seem to have a great

impact in terms of additional bone mineral accretion of the

whole body and does not result in a plateau, especially in

girls. Due to the limited number of subjects of each sex in

the present study, the data had to be combined to determine

the effect of Ca supplementation, which resulted in the

study appearing underpowered. To determine appropriate

Ca intake levels for Chinese adolescents, long-duration inter-

vention trials, a greater number of subjects, a suitable range

of supplement doses and specific bone accretion indices are

required. Furthermore, examination of the efficiency of Ca

absorption is another key issue in estimating Ca requirements

in adolescents.

In addition, serum 25-hydroxyvitamin D and qualitative sun

exposure assessments would be useful when analysing results

in future studies. Adequate dietary intake of Ca and vitamin D

in children is important to guarantee normal bone mineralis-

ation and to prevent rickets. The onset of puberty stimulates

the metabolism of 25-hydroxyvitamin D to calcitriol and sub-

sequently increases Ca absorption in the intestine, decreases

urinary Ca excretion and promotes Ca deposition in bones(39).

Conclusion

The results of the present study indicate that an increase in

Ca intake contributes to bone mass accrual in adolescents,

although the effect is moderate. However, the increase in

femoral neck mineral content is likely to result in a clinically

important decrease in the risk of osteoporosis and fractures,

as it is a recommended site for the diagnosis of osteoporosis

with DXA and where fractures are common besides the

lumbar spine. The results also suggest that adolescents

should increase their physical activity levels to augment the

effects of Ca supplementation on bone mass accretion and

that Ca supplementation is more effective in early puberty

than in late puberty.
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