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Abstract. The purpose of this study was to examine thetion [7, 8]. Within these determinants, ethnicity and sex are
difference in lifestyle and morphometric factors that affectassociated with differing rates of osteoporotic fracture and
bone mineral and the attainment of peak bone mass in 16@ifferent amounts of bone mineral.
healthy Asian (n= 58) and Caucasian (& 110) Canadian, Studies of ethnic differences in bone mineral are often
prepubertal girls and boys (mean age 8.9 + 0.7) living inconfounded by the geographical separation of the ethnic
close geographical proximity. DXA (Hologic 4500) scans groups being compared [9] and in children, by variability in
of the proximal femur (with regions), lumbar spine, and maturity and body size. Specifically, the only study of bone
total body (TB) were a?r%uired. We report areal bone min-mineral in Asian and Caucasian children living in close
eral densitiesgBMD g/cnr’) at all sites and estimated volu- proximity included subjects across a broad maturity range
metric density ¢BMD, g/cn?) at the femoral neck. Dietary (9-26 years) and very few prepubertal children. To mini-
calcium, physical activity, and maturity were estimated bymize age, maturity, and size-related variability, we studied
questionnaire. Of these prepubertal children, all of the boy®one mineral in Asian and Caucasian children aged 8 and 9
and 89% of the girls were Tanner stage 124 2 ANOVA  years who attend primary school classes together.
demonstrated no difference between ethnicities for height, The primary aims of this cross-sectional study were (1)
weight, body fat, or bone mineral free lean mass. Asiarto report bone mineral content (BMC), bone mineral areal
children consumed significantly less dietary calcium (35%)density @BMD), and estimated bone mineral volumetric
on average and were significantly less active (15%) thardensity ¢BMD) across three skeletal sites in Asian and
their Caucasian counterpart® € 0.001). There were sig- Caucasian boys and girls; and (2) to identify the determi-
nificant ethnicity main effects for femoral neck bone min- nants of BMC and BMD and bone volume, such as physical
eral content (BMC) an&BMD (both P < 0.001) and sig- activity, dietary calcium intake, and soft tissue composition
nificant sex by ethnicity interaction®(< 0.01). The Asian in this population.
boys had significantly lower femoral neck BMC (11%),
aBMD (8%), and vBMD (4.4%). At the femoral neck,
BMFL mass, sex, and physical activity explained 37% of
the total variance iraBMD (P < 0.05). In summary, this Subjects
study demonstrated differences in modifiable lifestyle fac-
tors and femoral neck bone mineral between Asian andhe study was presented to both the principals and the teacher-
Caucasian boys. development representatives from a multiethnic school district
which includes 34% of the population who report Chinese as their
Key words: Bone mineral — Calcium — Physical activ- first language. Of the 15 schools that demonstrated initial interest,
ity — Children — Ethnicity. 10 schools agreed to take part in the study. _ ) _
Parents’ place of birth was determined by questionnaire which
was available in Chinese for the non-English speaking. Children
were classified as Asian if both parents were born in China, Hong
Kong (72%), Japan, Taiwan, or Vietnam and as Caucasian if par-
There is increasing recognition that peak bone mass is agnts were born in North America, Australia, or Great Britain.
important determinant of adult bone mineral, and thus, risk Parents completed a health history qugstionnaire for their chil-
of osteoporotic fracture [1-3]. Furthermore, the prepubertafiren. There were 168 healthy boys and girls (mean age 8.9 + 0.7
years are a particularly important time for bone mineralyears) enrolied in the study; 58 Asians (30 boys, 28 girls) and 110
acquisition [1, 4-6]. The major determinants of peak boneC"’}“C""S’O'l‘.";.”s (56 boys, t5‘i1<.g'”3)- B‘pn? of ”l‘(e participants had B"Gd"
mass are genetic makeup, ethnicity, gender, Weight—bearirﬁ’} conditions or were taking meaicatons Known 1o influence obone

physical activity, calcium intake, and soft-tissue composi-"""2"

Materials and Methods

Measurement

Correspondence tad. A. McKay, School of Human Kinetics Dual X-ray absorptiometry (DXA) scans of the proximal femur,
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Table 1. Comparison of body composition and lifestyle factors between Asian and Caucasian males and females mean (SD)

Asians Caucasians
Males Females Total Males Females Total
n 30 28 58 56 54 110
Sit height (cm) 73.3 74.5 73.9 73.3 73.9 73.6
(3.8) (4.9) (4.4) (3.3) (4.5) (3.9
Height (cm) 132.3 135.2 133.7 1345 135.1 134.8
(6.6) (7.6) (7.2) (6.6) (7.6) (7.2)
Leg length (cm) 59.1 60.8 59.9 61.2 61.2 61.2
(3.8) (4.0) (3.9) (3.9) (4.5) (4.2)
Weight (KG) 28.6 30.8 29.7 31.5 30.0 30.8
(5.6) (8.0) (6.9) (8.0) (5.2) (6.8)
Fat (g) 5894 8042 6931 6645 7302 6967
(2947) (4660) (3984) (4624) (2902) (3872)
%Fat 19.9 24.8 22.3 19.7 23.8 21.8
(6.0) (7.7) (7.3) (7.7) (5.9) (7.2)
BMFL (lean) 22516 22470 22494 24563 22430 23516
(3127) (3622) (3345) (3842) (2853) (3543)
%BMFL 7.7 73.1 75.5 77.9 74.0 76.0
(5.7) (7.3) (6.8) (7.3) (5.6) (6.7)
Activity score 67.4 73.3 70.2 87.8 76.0 82.0
(16.6) (21.5) (19.2) (17.1) (13.5) (16.5)
Calcium (mg) 738 821 77T 1241 1159 1201
(367) (418) (392) (786) (841) (811)

* Significantly less than Caucasian Tot& € 0.001)
2 Significantly less than Caucasian males (sex by ethnicity intera&tier0.001)

postero-anterior lumbar spine, and total body (TB) were acquiredf variance (ANOVA) was used to compare independent group
and analyzed by the same qualified technologist, using a Hologieneans for body composition [leg, length, sitting height, height,
QDR 4500 bone densitometer (Hologic Inc., Waltham, MA). Boneweight, fat, and bone mineral free lean (and %)] variables. There
mineral content (BMC, g) and areal densigBMD, g/cnt) of was no statistical difference between groups for height or weight,
these sites and the femoral neck (FN) region are reported. Also, iprecluding the need to control for these factors. Therefore,
order to more adequately represent three-dimensional size and BINOVA was also used to determine between group differences in
approximate true BMD, bone volume and volumetric density physical activity, dietary calcium, BMC, araBMD at the proxi-
(vBMD) were estimated at the FN from areal density using appro-mal femur (total), FN, lumbar spine, and TB, and for bone volume
priate formulae which have been used elsewhere for children [10Jand estimatedBMD at the FN. Results are presented as means
Fat mass (g), bone mineral free lean mass (BMFL, g), and per(SD), and differences were considered significan® at 0.05.
centage of each were determined from the TB scan. Stepwise multiple regression models were fitted to estimate the
Stretch statures (sitting and standing) were measured to theontribution of the independent variables to absolute values of
nearest millimeter using a wall stadiometer. Weight was measuretione mineral. SPSS for Windows was used for all statistical analy-
on an electronic scale to the nearest 0.1 kg. Mean values were ussts.
for analysis.
Questionnaires were administered at the time of bone densi-
tometry measurement. Dietary calcium intake was estimated fro
a food frequency questionnaire that has previously been validategesults
against food records (= 0.98) as a tool for assessing calcium

intake in Asian and Caucasian high school students [11]. 0 :
A physical activity questionnaire which has previously dem- All of the boys and 89% of the girls were at Tanner stage 1.

onstrated adequate test-retest reliability in children from grades 4 able 1 summarizes the body composition and lifestyle
to 8 and has been validated against a 7-day physical activity recaffharacteristics of the group by ethnicity. ANOVA demon-
interview and a Caltrac motion sensor, was used [12]. An activityStrated a significant main effect for ethnicity for both dietary
score comprised of the amount of daily weight-bearing physicalcalcium intake P < 0.001) and physical activityP( <
activity the children reported in the previous week was calculated).001). In both cases, the Asian group reported lower val-
and used to represent physical activity. The children were als@ies,
aSke_d if the_lr_ previous week’s aCthltle_S represented_ their usual As a group, the Asian children consumed, on average,
phyl\?llgtﬂri?;t\;\\/lgg ;g?gsesseggg dpt?;tsar.HrS];gIsno?\ﬁgggﬁ(sgeirlg)h:r?d pubi35% less dietary calcium than their Caucasian counterparts.
hair (girls and boys) development using a standard approach [13 he dlffderences were greatest betweeg the Aﬁ"an (hmean.735
that we have used previously [14]. Self-assessment has demof?9) @n Cauc%&an (mean 1165 mg) boys w oere_t e Asians
strated strong associations with direct clinical observation [15] andndicated a 41% lower calcium intake. A 29% difference
as it is noninvasive is preferable for use with children. was noted for the girls. . L ,
The ethnic difference in physical activity is a function of
the much more pronounced level of activity in the Cauca-
Statistical Analyses sian as compared with the Asian boys, as noted by the
significant sex by ethnicity interactiorP(< 0.001). On av-
A two by two, sex (M,F) by ethnicity (Caucasian, Asian) analysis erage, the Asian children were 15% less active than their
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Table 2. Comparison of BMCaBMD, bone volume, andBMD between Asian and Caucasian males and females (mean, SD)

Asians Caucasians
Males Females Total Males Females Total
BMC (9)
Femoral neck 2.18 2.20 2.19 2.58 2.20 2.40
(0.47) (0.49) (0.48) (0.39) (0.45) (0.46)
Prox. fem. tot 12.12 12.52 12.31 13.75 12.33 13.05
(2.50) (3.10) (2.78) (2.22) (2.34) (2.38)
PA spine 20.43 20.40 20.42 21.44 20.22 20.85
(3.68) (4.29) (3.95) (3.71) (3.46) (3.63)
Total body 842 843 843 907 833 871
(145) (164) (153) (152) (117) (140)
aBMD (g/cn?)
Femoral neck 0.62 0.61 0.61 0.67 0.60 0.64
(0.06) (0.08) (0.07) (0.06) (0.06) (0.07)
Prox. fem. tot 0.64 0.63 0.66 0.68 0.61 0.65
(0.07y (0.08) (0.07) (0.06) (0.06) (0.07)
PA spine 0.56 0.56 0.56 0.56 0.56 0.56
(0.06) (0.08) (0.07) (0.06) (0.06) (0.06)
Total body 0.82 0.78 0.80 0.82 0.79 0.81
(0.05) (0.05) (0.06) (0.05) (0.04) (0.04)
Fem. neck volume (cf) 6.72 6.92 6.82 7.85 7.19 7.53
(2.29) (1.82) (2.06) (7.46) (1.86) (1.84)
Fem. neckvBMD (g/cnr) 0.35 0.32 0.34 0.34 0.32 0.33
(0.10) (0.04) (0.08) (0.06) (0.07) (0.06)

X Significantly less than Caucasian Tot& € 0.05)
2 Significantly less than Caucasian males (sex by ethnicity intera&ier0.001)

Caucasian counterparts. Whereas 73% of the Caucasii 0.850
boys participated in organized sport, only 14% of the Asian
boys reported similar involvement with sports teams outside g gy 4
of school. The Asian children (57%) were twice as likely to %
be attending academic lessons (Chinese, mathematics, mz
sic, etc.) after school than the Caucasian children (28%). £ *®7
There was no difference in sitting height, leg length , or g, ‘*
soft tissue (fat mass or BMFL) between groups. Descriptives o700 ¥
statistics for bone mineral variables are shown in Table 2= :
At the femoral neck there was a significant ethnicity effect® ; gs5 -
for BMC and aBMD (both P < 0.001) and for estimated <
bone volume R < 0.05), with Asian boys having consis- Z
tently lower values for all of these measures (Table 2, Figs
1). There was no difference between groups for femorag
neck vBMD. At the proximal femur (total) there was a & 0.5%0-
significant sex by ethnicity interaction faBMD (P < 0.05)
which is explained by the approximately 6.5% love&MD 0.500 -
at this site in the Asian, as compared with the Caucasia
boys. There were no between-group differences for an
bone variables at either the TB or the lumbar spine.
At both the total proximal femur and femoral neck, ) .
BMFL, sex (bothP < 0.001), and physical activityP(< Asian Caucasian
0.05) were significant predictors @BMD and accounted Females Males Females  Males
for 29% and 37% of the total variance, respectively. For TBFig. 1. Femoral neck bone mineral densitgBMD, g/cn¥) for
aBMD sex, BMFL and fat explained 25% of the variance. Asian @) and Caucasianlf) boys () and girls [). Significant
For BHC &t the fomoralnecl BFL mass € 0 001 sox 3 O o) o e
< < < .
\(/\E)ere gigg%‘i)éacr?tlgruergiEtors(,)'gigia?giﬂéaglr&agﬁée \(/)é(r)isza?nce.95% Cl of Mean.

@ BB %

;n.sn

0.600 = 0.606

S %
WX XXX
(xy T W T ]

5
&
S,
b4

0.450

Discussion been limited to Caucasian subjects [1, 16], and have had
only a small number of prepubertal subjects. Ethnic differ-

Little is known about ethnic influences on bone mineralences in BMD have been attributed primarily to variations

during the prepubertal years as most normative studies have body (bone) size [17]. In this study of prepubertal Asian
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and Caucasian children living in geographical proximity, References

we observed racial differences in bone mineral that are not
accounted for by differences in body size. 1.

Physical activity and dietary calcium intake of Asian and
Caucasian children have rarely been directly compared. We
found that Asian children were less physically active than
their Caucasian counterparts. In the only published study™
that included both Asian and Caucasian children, Bhudhi-
kanok et al. [17] reported similar results using an activity 3.
frequency questionnaire but with far fewer (18 Asian; 34
Caucasian) and slightly older (10.5 + 1.05 years) subjects4-
than in the maturity group we describe. There have been no
studies evaluating the effect of physical activity on bone in
boys at various pubertal stages. However, recent Finnisl‘g)
studies in girls showed that bone mineral appears to respon
maximally to mechanical loading during Tanner stage 1-3
[6] and that physical activity was a major determinant of
bone mineral [18].

The mean estimated dietary calcium intakes of Asian
children in this study were greater than for Asian children
living in Hong Kong [19] but substantially lower than for
the Caucasian children studied. Five-year-old Chinese chil-
dren in Hong Kong, who consumed twice the dietary cal-
cium intake of children in a mainland Chinese city, had a
14% greater radial BMC, as measured by single photon8.
absorptiometry (SPA) [20]. A strength of the present study
was that the same dietary calcium questionnaire that in-
cluded ethnic specific foods, was administered to children
of both ethnicities.

The significant ethnicity effect for femoral neck BMC in 10,

prepubertal boys in our study differs from the findings of
Bhudhikanok et al. [17] who showed no ethnic differences

in boys until mid-puberty. Unlike the present study, thesell.
authors also reported lower values between ethnicities for
FN and total body BMC in Tanner stage 1 and 2 girls. This >
may reflect the small numbers of pre/early pubertal girls (5
Asian, 14 Caucasian), earlier maturation, or a greater pro-
portion of girls in Tanner stage 2 in the Caucasian sample in
that study [17]. Bhudhikanok et al. attributed ethnic differ- 13.
ences to size which were not evident in our cohort who were
of similar height and weight. We also had a larger numbed4-
of prepubertal (only) subjects than has previously been re-
ported. For TB and lumbar spine, our data support the con;
tention that after accounting for size there are no difference
in BMC between Asian and Caucasian children.

In our study, wheraBMD was the outcome measure,
thus partially correcting for size, the lower values for the16.
Asian boys at the femoral neck persisted. We repBit1D
data as they remain the best predictor of fracture risk in
adults and to compare our findings with those studies that?-
reportedaBMD only [21].

Our finding of no ethnic difference inBMD is consis-
tent with studies in adults [22, 23] and in older children [17] |
that suggestBMD is similar in Asians and Caucasians and
is independent of age. Recent work by Gilsanz et al. [24] in
Caucasian- and African-American children using QCT also19.
supports this finding.

In summary, we demonstrated differences in modifiable
lifestyle factors between Asian and Caucasian boys. Ethnic
differences were observed for both femoral neck bone vol-
ume andaBMD for Asian boys and both of these variables
are independent risk factors for osteoporotic fracture in
adults [25, 26]. Based on these findings, and those of a
recently published longitudinal study [27], we recom- 21
mended that future studies evaluate a physical activity in-
tervention in this age group.
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