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Bone health status in childhood and adolescence may be important factors influencing the attainment of peak
bone mass. The Nutrition and Health Survey in Taiwan Elementary School Children 2000-2001 was carried out
to evaluate the overall nutrition and health status of school children aged between 6 and 13 years. The survey was
conducted using a multi-stage complex sampling scheme. Townships and city districts in Taiwan were classified
into 13 strata. Bone mass measured as broadband ultrasound attenuation was taken at heel by quantitative ultra-
sound bone densitometry. A total of 1164 boys and 1016 girls who had complete physical examination data with
ultrasound bone scan were included in the current analysis. There were no apparent differences in BUA across all
strata for both genders. In both boys and girls, age, height, body weight, BMI, and intake frequencies of vegeta-
bles and fruits/juices were significantly related to BUA. Results of multivariate regression showed that age
(B=1.36, p=0.0002) and body weight (=0.40, p<0.0001) were significant predictors for BUA in boys, whereas in
girls body weight ( =0.47, p<0.0001), height, (8 =0.20, p=0.01), dietary phosphorus intake (§ =-0.002, p=0.038),
and frequency of fruit/juice intake (f =0.15, p=0.029) remained statistically significant. The differential effects
dietary intake variables on BUA in boys and girls may be in part due to the development of puberty. It would be
necessary to include levels of physical activity in future analyses for better understanding factors influencing the

development of peak bone mass in Taiwanese children.
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INTRODUCTION

Osteoporosis has become a growing public health problem
as the elderly population expands rapidly in Taiwan in
recent decades. The risk of developing osteoporotic frac-
tures due to low bone mass may be reduced by maximizing
peak bone mass (PBM) in earlier life and/or by minimizing
the rate of bone loss in later life." It is estimated that as
high as 40% of the fracture risk may be reduced by an
increase in bone mass of 5%.” The attainment of optimal
PBM in early life thus appears to be an effective way to
prevent 0steoporosis.

It has been shown that inadequate bone gain during
childhood and adolescence may increase the risk of low
bone mass or developing osteoporosis in adulthood.**
There are several known environmental factors that affect
the accrual of bone mass in early life. In general, children
with heavier weight, higher calcium or dairy intake, and
adequate weight-bearing exercise tend to have higher bone
mass.”” In addition, it has been suggested bone health
status is also under the influence of genetic factors, or the
heritability of bone mass.'”'" The daughters of osteo-
porotic women appear to have lower bone mass than the

controls.'”™  The relationship between birthweight and

bone mass in adolescence and/or adulthood has also been
demonstrated.”” Through the examination of the risk fac-
tors, it may be possible to identify the children and/or
adolescents at risk for low bone mass, and providing oppor-
tunities to prevent the occurrence of fractures in later stage
of life.

Although bone mass assessed by central dual-energy x-
ray absorptiometry (DXA) is recognized as gold standard in
the diagnosis of osteoporosis, its use in the screening for
osteoporotic patients is limited due to the problems of
radiation, cost, and portability. In the second Nutrition and
Health Survey in Taiwan (NAHSIT), a portable quantita-
tive ultrasound (QUS) device was employed to assess the
bone health status of the elderly and the school children in
Taiwan.'®
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The objectives of the current study were to examine the
bone health status reflected by BUA measurement, and to
explore the influences of demographic, anthropometric,
and dietary factors on the BUA measurement in the Tai-
wanese elementary school children.

MATERIALS AND METHODS

Design

The data was collected through the Nutrition and Health
Survey in Taiwan’s Elementary School Children 2001-
2002 (NAHSIT Children 2001-2002), an island-wide sur-
vey conducted to investigate the nutrition and health
status of the school children in Taiwan. The 359 town-
ships or city districts in Taiwan were classified into 13
strata according to the characteristics of dietary pattern,
geographical location, and degree of urbanization. These
13 strata were the Hakka areas, the mountain areas, the
eastern areas, the Peng-Hu Islands, Northern areas Class I
- TII districts/townships (1% - 3™ stratum), Central areas
Class I - III districts/townships (1% - 3" stratum), and
Southern areas Class I — III districts/townships (1% - 3
stratum). Two population density cut-points were used to
divide Northern, Central, and Southern areas into three
classes, respectively. The stratification principle has been
described in details elsewhere.'” The sampling procedure
is briefly described as below: all registered municipal or
private elementary schools were ranked within each stra-
tum according to their location and number of registered

Table 1. Characteristics by gender and stratum’

students. Eight schools were selected from each stratum
with selection probability proportional to population sizes
(PPS). In each of the six grades four students were ran-
domly selected, and a total of 24 students aged between 6
and 13 years were recruited within each sampled school.
Details are described elsewhere.'* The study was ap-
proved by reviewers from the Department of Health in
Taiwan, and the informed consent has been signed by one
of the parents of all school children. The survey is con-
sisted of questionnaire interview and physical examina-
tion. A total of 2419 school children were interviewed,
which corresponds to a response rate of 73.6%. In the
present study, the bone data of 1164 boys and 1016 girls
who had complete physical examination data with ultra-
sound bone scan were included.

Measurements

QUS measurements were performed using a portable
CUBA Clinical device (McCue Ultrasonics, UK), which
measures the broadband ultrasound attenuation (BUA, in
dB/MHz). All subjects were examined by the same one
device during the survey. Other anthropometric meas-
urements were taken in physical examination sessions.
Height without shoes and body weight was measured, and
the weight of clothes has been estimated and reduced.
Body mass index (BMI, body weight in kg by height in
m®) was calculated. Dietary intake of nutrients was

Gender/ N Age Weight Height BMI BUA Dietary Ca Dietary P
Stratum (years) (kg) (cm) (kg/m2) (dB/MHz) (mg/d) (mg/day)
Boys
Hakka 90 9.5+0.2 33.941.2 136+1.2 17.940.5 48.4+0.8 542421 108349
Mountainous 87 9.4+0.1 30.240.5" 131£1.0"  17.3202°° 493114 34628 964+55"
Eastern 9] 9.440.1 32.5+0.7" 134+0.8 17.6£0.3" 46.3+1.6 490467 103267
PengHu Is. 103 9.540.1 32.540.9" 135+1.0 17.5£0.3"  49.9+0.9 551+44 1112457
Northern 1st 72 9.5+0.2 357413 137+1.3 18.740.5 48.6+1.5 519+32 1097441
Northern 2nd 85 9.5+0.2 35.7+1.0 137+1.3 18.7+0.4 49.2+1.2 525420" 1010440
Northern 3rd 91 9.4+0.2 33.940.7 136+1.3 18.0+£0.2 49.0+1.4 500+54 1060481
Central 1st 90 9.5+0.2 35.841.6 136+1.8 18.740.4 49.4+1.4 685+43" 1318+49™
Central 2nd 109 9.5+0.1 35.3+1.1 136+1.3 18.610.3 47.841.3 50053 1095481
Central 3rd 95 9.60.1 36.1+1.3 137+1.0 18.740.4 51.241.8 493437 1166169
Southern st 81 9.540.1 37.741.2 13840.9 19.440.5 48.242.0 608+34" 1255+48
Southern 2nd 83 9.440.1 35.741.1 13640.9 18.840.5 47.4+1.5 598+71 1345+124
Southern 3rd 87 9.440.1 35.440.8 136+1.1 18.740.1 49.6+1.6 520470 1103104
Total 1164  9.540.1 35.340.4 136+0.4 18.6+0.1 48.8+0.9 543+14 1130422
Girls
Hakka 72 9.4+0.1 31.440.7" 134+1.0 17.1£0.3" 47.4+1.8 440+36 955463
Mountainous 99 9.340.2 31.440.8" 13240.9™  17.6+0.3 47.6+1.6 3534377 817431
Eastern 98 9.440.2 33.141.1 135+1.3 17.6+0.3 47.1+1.5 540478 950469
PengHu Is. 83 9.5+0.1 31.6+1.2" 135+1.4 16.840.3  48.7+1.6 458+64 936180
Northern 1st 69 9.5+0.2 34.2+1.0 137+1.4 17.940.3 48.7+1.2 539455 1102+100
Northern 2nd 68 9.5+0.2 35.7+1.0 136+1.2 17.0£0.3" 48.7+1.3 483434 914460
Northern 3rd 73 9.3+0.2 32.240.9 136+1.3 17.440.3 46.3+1.8 448+56 895+64"
Central 1st 85 9.5+0.2 32.0+1.1 137+1.5 17.440.3 48.442 3 547+46 1057441
Central 2nd 87 9.610.2 33.3+1.1 136+1.5 18.0£0.4 47.8+1.8 478429 960+51
Central 3rd 66 9.540.1 34.040.8 136+0.6 17.6£0.4 47.243.1 523+88 1090476
Southern 1st 61 9.5+0.2 33.340.8" 137+1.1 16.840.2"  45.1£1.9 593+34™ 1089+52
Southern 2nd 81 9.5+0.2 32.140.9 136+1.5 17.5£0.4 452+1.4" 479+45 1122498
Southern 3rd 74 9.4+0.2 34,1413 135+1.3 18.240.4 49.143.6 464+43 1014477
Total 1016  9.5+0.1 33.040.3 136+0.4 17.540.1 47.741.9 497+14 1010+23

"MeantSE. Significantly different from the reference level (Northern areas 1st stratum): ~ 0.05<p<0.1; ~'p<0.05; " p<0.0001
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assessed by 24-hour dietary recall during household ques-
tionnaire interview.'”"® A food frequency questionnaire
was also administered during the questionnaire interview
session to obtain the frequency of consumption of various
food items."”” The frequency of intake was defined by the
number of times per week the food group was consumed,
and the questionnaire was jointly answered by parents
and child based on the child’s actual eating patterns in the
month prior to the survey."

Statistical Analysis

All variables were weighted to represent the school-aged
population in Taiwan. The northern areas 1% stratum was
used as the reference level for the comparison between
strata. Regression analyses were performed to evaluate
the association between the BUA measurement and the
possible related factors. All descriptive statistics and re-
gression analyses were performed using SAS-Callable
SUDAAN version 9.0.

RESULTS
The characteristics of subjects by gender and stratum are
shown in Table 1. There appeared to be some differences
in weight and BMI exist between other strata and North-
ern areas 1™ stratum for both genders. Comparing with
boys and girls living in the northern first stratum, those
living in the mountainous areas appeared to be signifi-
cantly lighter in body weight, shorter in height, and had
lower intakes in dietary calcium and phosphorus. The
values of BUA measurement for boys and girls in each
stratum, however, did not markedly differ from those
living in the northern 1 stratum. Boys living in the 3"
stratum in the central region and girls of Southern areas
3" stratum had the highest mean BUA, but the values did
not significantly higher than that of their counterparts in
Northern areas 1* stratum.

Table 2 shows the characteristics of the children by

Table 2. Characteristics by gender and age group’

gender and age group. For both boys and girls, weight,
height, BMI, and BUA all increase with advancing age,
whereas dietary intakes of calcium and phosphorus did
not appear to differ by age groups. The age trend of BUA
is also illustrated in Figure 1. The trends of increase in
BUA with age in boys and in girls were similar. The
mean dietary calcium intakes, assessed by 24-hour diet
recall method, were lower than 600 mg/day in all gender-
age groups of children, with the highest intakes were ob-
served in boys of 6-6.99 years and girls of 12-12.99 years.
The ratio of calcium to phosphorus ranged from 0.44 to
0.51 in boys and from 0.47 to 0.53 in girls.

Figure 2 depicts the mean dietary calcium intake by
age group with comparison to the levels of dietary re-
fenence intake (DRI) in Taiwan. The mean dietary cal-
cium intake of boys 6-6.99 year-old is the only age-
gender group that met the level of DRI. In fact, 84.6% of
boys and 98.4% of girls aged 6-9, and 98.4% of boys and
100.0% of girls aged 10-12 had dietary intakes of Ca be-
low the recommended levels for their age.'®

Figure 3 illustrates the mean energy intake by age
group with comparison to the levels of dietary refenence
intake (DRI) in Taiwan. In general, the mean energy in-
take of children in all age groups is higher than recom-
mended levels.

In Table 3, the results of correlation analyses for the
intake frequency of selected foods and BUA were listed.
No significant correlations were observed for the children
between the intake frequency of milk, counting individu-
ally or together with yogurt, and BUA measurement.
There was, however, a significantly positive correlation
between intake frequency of yogurt and BUA found in
girls (p=0.036). In both genders, frequencies of consum-
ing vegetables (r=0.112 for boys and r=0.140 for girls,
respectively; p<0.0001) or fruits (including fresh juices)
(r=0.059, p=0.047 for boys and r=0.140, p<0.0001 for
girls, respectively) were found to be positively related to

Gender/ Weight  Height BMI BUA  Dietary Ca Dietary Ca Den- Dietary P ]?;etary P Ca/P Rati
Age Group (kg) (em) (kg/m>) (dB/MHz) (mg/d) sity (mghkeal)  (mg/d) ensity -~ Ca/b Ratio
(mg/kcal)

Boys
6-6.99 89 25240.8 120.3+0.6 17.240.4 39.4+1.6  598+64 0.33+0.05 1111£58 0.59+0.03  0.51+0.03
7-7.99 214 26.840.4 1249404 17.0£0.2 41.0+£0.6  561+£33 0.30+0.02 1115443 0.57+0.01 0.50+0.02
8-8.99 201 30.1+£0.6 130.3+0.4 17.6£0.3 44.7+0.8  497+32 0.26+0.01 103040 0.53+0.01 0.47+0.02
9-9.99 186 34.840.8 135.8£0.6 18.6+0.3 48.7+0.9  513+29 0.25+0.01 110636 0.53+0.01 0.46+0.01
10-10.99 195 38.9+.0.8 141.440.5 19.3+0.3 53.240.8 535436 0.25+0.01 116547 0.54+0.01 0.45+0.02
11-11.99 200 44.3.40.9 147.940.6 20.1+0.3 55.6£0.9  556%32 0.25+0.01 118648 0.53+0.01 0.46+0.02
12-12.99 79 50.0£1.7 155.741.0 20.4+0.5 60.1£1.8 587166 0.23+0.02 1244492 0.52+0.02  0.44+0.03
Total 1164 353104 136.3+0.4 18.6+0.1 48.840.9  543%14 0.27+0.01 1130+22 0.54+£0.01  0.48+0.01

Girls
6-6.99 82 22.840.7 118.6+0.6 16.1+0.4 38.5+1.2 524442 0.29+0.02 1028+71 0.57+£0.03  0.49+0.03
7-7.99 160 25.3+0.5 123.8£0.5 16.410.2 40.8+0.9  449+36 0.27+0.02 388+42 0.54+0.01  0.50+0.02
8-8.99 175 28.740.5 130.240.5 16.8+0.2 44.1+0.7  440+24 0.26+0.02 951+34 0.55+£0.02  0.47+0.02
9-9.99 163 33.140.8 135.840.6 17.8+0.4 47.8+1.1  492+25 0.27+0.01 995+43 0.54+0.01  0.50+0.02
10-10.99 177 35.540.7 141.8+0.5 17.5£0.3 50.0+1.0 551+34 0.29+0.02 1069+43 0.56+0.02  0.51+0.02
11-11.99 165 41.0+0.8 147.4+0.6 18.7£0.3 53.3+1.1  496+30 0.25+0.01 108140 0.54+0.02  0.48+0.02
12-12.99 94 47.0t£1.6 153.4+0.9 19.8+0.6 61.0£2.0  585+45 0.31+0.03 1119465 0.56+0.02  0.53+0.03

Total 1016 33.040.3 135.7404 17.5£0.1 47.7+1.9 497+14 0.27+0.01 1009423 0.55+0.01  0.49+0.01

"MeantSE
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Figure 2. Mean dietary calcium intake and SE of boys and girls in Taiwan. ' DRI, dietary reference intake for calcium in Taiwan. For
6-6.9 years of age, 600 mg/d; for 7-9.9 years of age, 800 mg/d; for 10-12.9 years of age, 1000 mg/d

BUA.

The influences of selected factors on BUA are listed in
Table 4. In both genders, there were significant positive
relationships between age and BUA ($=3.76 for boys and
=3.45 for girls, p<0.0001), and body weight appeared to
be the most significant predictor ($=0.65, 1’=0.357 for
boys and B=0.72, r’=0.373 for girls, respectively;
p<0.0001). Height ($=0.60, ’=0.355 for boys and
p=0.58, r’=0.348 for girls, respectively; p<0.0001) and
BMI (B=1.46, r’=0.185 for boys and p=1.71, r’=0.194 for
girls, respectively; p<0.0001) were also positively related
to BUA. In both boys and girls, residing location was not
significantly related to BUA. The relationships between
dietary intakes of calcium, calcium density (mg/kcal),
phosphorus, or phosphorus density (mg/kcal) and BUA

were also not significant in boys, whereas a trend toward
significance was observed in the negative relationship
between dietary phosphorus intake and BUA in girls (f=-
0.001, r’=0.265; p=0.057). The positive correlations be-
tween BUA and the frequency of vegetable intake in boys
(B=0.15, p=0.039) and the frequency of fruit/juice con-
sumption in girls ((f=0.17, p=0.029) remained significant
in the bivariate models when age was also included.
When factors with significance in the univariate/bivariate
analyses (age, body weight, and height, intake frequency
of vegetables for boys; age, body weight, height, dietary
phosphorus intake, and frequency of fruit/juice consump-
tion for girls) were taken into account simultaneously in
the multivariate models, the effect of height did not reach
a statistically significant level (p=0.063) for boys, and the
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Figure 3. Mean energy intake and SE of boys and girls in Taiwan. " DRI, dietary reference intake for total energy in Taiwan. For 6-6.9
years of age, 1450 kcal/d for boys and 1300 kcal/d for girls; for 7-9.9 years of age, 1800 kcal/d for boys and 1550 kcal/d for girls; for

10-12.9 years of age, 1950 kcal/d for both genders

Table 3. Correlation between intake frequency of selected foods and BUA by gender

Sgggigm or Food Group Samzfrl;l?/lszi: for Range of Intake Frequency Correlation Coefficient with BUA
Boys
Milk (cups/week) 954 0.25-24.5 -0.055
Yogurt (cups/week) 519 0.25-17.5 -0.037
Dairy' (cups/week) 477 0.50-42.0 -0.018
Vegetables (dishes/week) 1154 0.25-24.5 0.112%
Fruits/Juices (times/week) 1146 0.25-24.5 0.059"
Girls
Milk (cups/week) 827 0.25-24.5 -0.006
Yogurt (cups/week) 484 0.25-17.5 0.095"
Dairy (cups/week) 427 0.50-42.0 0.051
Vegetables (dishes/week) 1006 0.25-24.5 0.140"
Fruits/Juices (times/week) 998 0.25-24.5 0.140"

T Dairy food group include intake frequencies of milk and yogurt. Statistically significant correlation coefficient * p<0.05; ~ p<0.0001

effect of intake frequency of vegetables also became in-
significant (p=0.363). In the multivariate model for girls,
body weight, height, dietary phosphorus intake, and the
frequency of fruit/juice intake remained significant pre-
dictors, whereas age was no longer a significant predictor.
The proportions of total variance in BUA explained by
the multivariate models were 40.1% for boys and 41.2%
for girls, respectively.

DISCUSSION

In the current study with data collected in school-aged
children in the NAHSIT Children 2001-2002, we found
that the results of BUA did not significantly differ be-
tween strata, and that BUA basically increased with ad-
vancing age. Age, body weight, and height were posi-
tively related to BUA for both boys and girls, and dietary
intake of phosphorus appeared to have negatively rela-
tionship with BUA in girls. Dietary intakes of calcium,

whether in absolute amount or as a nutrient density, were
not significant factors in predicting BUA in these elemen-
tary school children. The effect of intake frequency of
vegetables became insignificant in the multivariate re-
gression model for boys, whereas intake frequency of
fruits/juices remained positively and dietary phosphorus
intake remained negatively related to BUA for girls when
other factors were also included in the model.

It has been suggested that maximization of bone mass
acquired in childhood and adolescence to attain an opti-
mal peak bone mass may be the best protection against
osteoporosis, and dietary intake of calcium and/or dairy
products as well as adequate physical activity have been
found to play important roles in enhancing bone health."
#6.20 Two studies in Japan and China also demonstrated
the importance of calcium nutrition and exercise in chil-
dren bone health.'** In this survey of the school-aged
children in Taiwan, we did not observe any positive
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Table 4. Regression of selected factors on BUA by gender
. Boys (n=1164) Girls (n=1016)
Variable B (p-value)’ r’ B (p-value)* r’ B (p-value) r’ B (p-value)* r?
Age (Years) 3.76 (<0.0001)  0.293 1.36(0.0002) 0.401 3.45(<0.0001) 0.258 0.48 (0.231) 0.412
Strata 0.006 0.011
Hakka -0.21 (0.905) -1.39 (0.525)
Mountainous 0.70 (0.739) -1.11 (0.584)

Eastern -2.30 (0.298) -1.49 (0.442)

PengHu Is. 1.51 (0.393) 0.02 (0.992)

Northern 1°% ref ref

Northern 2nd 0.63 (0.742) 0.03 (0.988)

Northern 3rd 0.37 (0.857) -2.36 (0.289)

Central st 0.82 (0.678) -0.23 (0.928)

Central 2nd -0.77 (0.744) -0.85 (0.704)

Central 3rd 2.66 (0.0.295) -1.43 (0.666)

Southern 1st -0.40 (0.0.850) -3.67 (0.106)

Southern 2nd -1.24 (0.571) -3.50 (0.062)

Southern 3rd 0.98 (0.582) 0.46 (0.838)
Body Weight (kg) 0.65 (<0.0001)  0.357 0.40 (<0.0001) 0.72 (<0.0001)  0.373  0.47 (<0.0001)
Height (cm) 0.60 (<0.0001)  0.355 0.12(0.107) 0.58 (<0.0001)  0.348 0.20 (0.01)
BMI (kg/m?) 1.46 (<0.0001)  0.185 1.71 (<0.0001)  0.194
Dietary Ca (mg) 0.002 (0.175)  0.295 -0.001 (0.235)  0.263
Dietary Ca Density
(mg/keal) 1.72 (0.561) 0.293 -1.18 (0.560)  0.261
Dietary P (mg) 0.0009 (0.212)  0.294 -0.001 (0.057)  0.265  -0.002 (0.038)
Dietary P Density
(mg/keal) 0.52 (0.816) 0.293 -1.49 (0.373)  0.262
Intake Frequency of
Vegetables 0.15 (0.039) 0.299  0.06 (0.363) 0.11 (0.331) 0.263
(dishes/week)
Intake Frequency of
Fruits/Juices 0.03 (0.656) 0.297 0.17 (0.029) 0.271 0.15 (0.029)
(dishes/week)
Intake Frequency of 0.21 (0.279) 0.280

Yogurt (times/week)

T Results of univariate analysis for age as independent variable, or of bivariate analysis with age and other selected variables as independent

variables. ¥ Results of multivariate analysis. ¥ Reference group

relationships between dietary calcium intake and BUA in
the regression analyses. When the relationships between
intake frequency of dairy products, including milk and
yogurt, and BUA were examined, the only positive corre-
lation was observed between the frequency of yogurt con-
sumption and girl’s BUA (Table 3). The significance of
the intake frequency of yogurt, however, was lost when
age was adjusted (bivariate analysis, Table 4). It has been
revealed that prospective studies with calcium interven-
tion may be more effective than cross-sectional observa-
tion in finding the influences of calcium intake on bone
mass.” In this nation-wide survey, the mean dietary cal-
cium intake in the children were only 543+14 mg/day for
boys and 497+14 mg/day for girls (Table 2). Except for
boys of 6-6.99 year-old, the mean dietary calcium intake
for each age-gender group was well below the recom-
mended levels for their ages. Thus the effect of calcium
intake on BUA measurements, if there is any, may not be
detectable.

In addition to dietary calcium, consumption of fruit and
vegetables has also been linked positively to bone health
in adults.”**  The results of correlation analyses showed
that the intake frequencies of fruits or vegetables posi-
tively related to BUA measurement in these children (Ta-
ble 3). Nevertheless, the effects of intake frequencies of
vegetables and/or fruits/juices were no longer significant

for boys when age and/or other variables were regressed
simultaneously on BUA (Table 4), suggesting that in
these boys the intake frequency of fruits/juices may be
age-dependent, and the influence of body weight on bone
mass may be more profound than dietary intake factors in
boys of this age range. On the other hand, the intake fre-
quency of fruits/juices and dietary intake of phosphorus
appeared to have an age-independent effect for girls, as
the statistical significance still remained after adjusting
for age and/or the anthropometric measurements. In fact,
the relation of age to BUA was insignificant in the multi-
variate model for girls (Table 4). A study by Tylavsky et
al. found that consuming 3 or more servings of
fruit/vegetables per day is positively associated with lar-
ger bone size in early pubertal girls.”® In general, fruits
and vegetables are considered bases-rich food that may
regulate the acid-base balance in our body and thus reduc-
ing urinary calcium excretion and decreasing the re-
quirement of release of calcium from bone to buffer the
acid-load.” On the other hand, fruits and vegetables are
abundant in other vitamins and minerals that also appear
to be important for building up bone, such as vitamin C,
magnesium, and potassium.”> More in-depth analyses
would be necessary to investigate if the dietary patterns
differ in boys and girls, and whether the differential ef-
fects of dietary variables on bone mass in boys and
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girls are related to the onset and/or development of pu-
berty.

The mechanical loading on bone produced by adequate
physical activity has been thought to stimulate bone
growth in size and mass in childhood.””*® The physical
activity level of the children was not included in the cur-
rent analysis. Nevertheless, it is still necessary to include
the estimate of daily physical activity level in order to
understanding the influences of exercise on BUA meas-
urements in the Taiwanese children, and whether the ef-
fects may differ in genders, or vary by different types of
physical activity.

This is the first island-wide survey with the attempt of
using QUS bone densitometry to investigate the bone
health status of the children in Taiwan. Although QUS
has been considered a convenient tool for population-
screening of osteoporotic patients, there has not been
much information on its applicability to measurement of
bone status in children. A study by Brukx and Waelkens
reported that in children aged 7-18 years, the reproduci-
bility of QUS was considered moderate, and so was the
correlation between results of QUS and that of dual-
energy x-ray absorptiometry (DXA) (r=0.14-0.50 for dif-
ferent sites).”” They also found that children having low
bone mass, as diagnosed by DXA, were not readily rec-
ognized by QUS measurements, and the significant dif-
ferences in bone mineral density across different age and
pubertal groups were also not observed in QUS parame-
ters.”” In this survey, DXA was not available for direct
measurement of bone mineral density in our subjects, nor
for comparing the measurements between these two de-
vices. However, it is generally agreed that the develop-
ment of appropriate reference database and diagnosis cri-
teria would be necessary for the use of QUS in bone
health evaluation.”*’

In summary, the results of our analyses suggested that
age and body weight, are important predictors of BUA in
boys, and body weight, height, dietary intake of phospho-
rus, and frequency of fruit/juice consumption are signifi-
cantly related to BUA for girls (Table 4). Dietary cal-
cium intake was not a significant factor in predicting
BUA for both genders. It would be necessary to examine
the effect of physical activity in future analyses as well as
the influence of pubertal stage on the differential gender
effects of dietary factors on BUA.
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