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Abstract
Aim—To determine changes over time in
the body mass index (BMI) profile of Aus-
tralian primary schoolchildren and to
assess the eVects of sex and ethnicity.
Methods—Height and weight were
measured in 3645 children (1869 girls and
1596 boys), aged 5–12 years from 39
schools in southeastern Sydney during
1994–7. Levels in the four largest ethnic
groups of the population were compared
with those measured by the 1985 Austral-
ian Council on Health, Physical Educa-
tion, and Recreation (ACHPER) survey.
Results—The study population was 59.9%
white (north European), 8.5% Mediterra-
nean white, 7.7% Asian, 7.7% other, and
16.2% mixed (mainly Asian-white (36%)
and Arab-white (24.7%)). There were suf-
ficient numbers in four groups for analy-
sis and comparison with the ACHPER
survey: Mediterranean white, other white,
mixed ethnicity, and Asian children. The
age and sex adjusted BMI was highest in
Mediterranean white, then white, mixed
race, and Asian children. There were
minimal diVerences between sexes within
each group. However, boys had an age and
sex adjusted BMI 1.5–6.5% higher (mean,
3.9%) than in ACHPER in 1985, as did
white girls (mean increase, 2.4%).
Conclusions—BMI in southeastern Syd-
ney schoolchildren is related strongly to
ethnicity and age; in boys and white girls it
is on average 3.9% and 2.4% greater,
respectively, than that recorded in the
1985 ACHPER survey. We suggest that this
10 year increase reflects a general trend in
developed countries. Because increased
BMI in childhood tracks to adulthood and
is then associated with adverse eVects on
health, these findings signal a need for
prevention.
(Arch Dis Child 2000;82:16–20)

Keywords: adiposity; vascular disease; dyslipidaemia;
health promotion

Obesity is an increasing health problem in
developed countries. Associations with dyslipi-
daemia, coronary disease, hypertension, type II
diabetes, orthopaedic complications, and psy-
chological disturbances are well documented
and attest to its adverse consequences for indi-
viduals, and for national health budgets.1 It is
now known that increased body weight in
childhood tracks to adulthood and reflects
subsequent adult values.2 3 In the course of an
ongoing family based heart health education

programme we recently reported data suggest-
ing that weight relative to height, the body mass
index (BMI), has increased over the past 10
years in Australian children.4 In view of the
possible long term consequences of this we
have undertaken an expanded study to charac-
terise more fully the current profile of weight
relative to height in Australian primary school
aged children, specifically to explore sex and
ethnicity diVerences. The results define these
diVerences and provide evidence indicating
that during the past 12 years there has been a
significant increase in the number of over-
weight boys and a similar trend in girls.

Methods
Between the middle of 1994 and 1997 we
approached 42 primary schools in the south-
eastern Sydney area and received permission
from 39 to oVer our risk factor screening
programme (“the heart health education pro-
gramme”) to all 5–12 year olds. These children
were part of a larger group for whom lipid pro-
files have already been reported,5 and were the
ones whose height and weight were also
measured. We began recording height and
weight midway through the programme.

Over the three years we assessed 3499
children, of whom we have complete infor-
mation on 3465: 1596 boys (46.1%) and 1869
girls (53.9%) aged 5–12 years in government
primary (31.6%), Catholic primary (37.6%),
and private fee paying (30.8%) schools in the
area. The ethnicity of each child was estab-
lished initially from the consent form sent
home to all parents. This was confirmed by
asking the ethnic origin of each parent on a
family history questionnaire, which was mailed
to the home of each child directly after testing
at school. This asked specifically the country of
origin of each parent’s family, and from this we
determined the ethnicity of the child.

The risk factors screened for and the nature
of the family history questionnaire have been
detailed and the results reported elsewhere4–6;
however, in this group we also measured the
height and weight of each of the children tested.
By dividing the weight (kg) by the square of the
height (m) we calculated the BMI. The
children’s BMI values were compared with the
data obtained from the 1985 Australian Coun-
cil on Health, Physical Education, and Recrea-
tion (ACHPER) survey of over 8000 randomly
selected Australian schoolchildren.7

To explore the possibility of any bias in our
population introduced by assessing only chil-
dren whose parents had consented to finger-
prick blood lipid testing, as opposed to a
random population, we measured the height
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and weight of all the children in the age range
in nine consecutive participating schools. This
allowed us to compare the BMIs of children
whose parents had and had not given permis-
sion for fingerprick blood testing. A total of 796
children were included in this sample; 331
(41.6%) without blood testing (54% boys, 46%
girls) and 465 (58.4%) with blood testing
(47% boys and 53% girls). There were no BMI
diVerences between the boys and girls of the
two groups.

Our study was approved by the ethics
committee of the University of New South
Wales.

Statistical analysis
Values for measured variables are presented as
means (SEM). Student’s t tests were used for
comparisons between groups and an ANOVA
F test for more than two groups for quantitative
variables. As expected, distributions of the
BMI in the total population and in boys and
girls were skewed. However, in the subgroups
divided by age, sex, and ethnicity the BMIs
were normally distributed, with no significant
diVerence in the variances between groups.
Thus, we used parametric comparisons for the
subgroup analysis. We used a general factorial
model of ANOVA to assess the main and inter-
active eVects of age, sex, and ethnicity on the
variance of BMI in children. Two tailed p
values are reported for the significance of tests.

Results
EFFECT OF AGE AND SEX ON BMI

Because ethnicity might have a significant
influence on children’s BMI, we assessed the
eVects of age and sex on BMI in each ethnic
group. The ethnic distribution of the pupils
screened was 59.9% white (north European),
7.7% Asian, 8.5% Mediterranean white, and

16.2% mixed ethnicity, with the remaining
7.7% comprising other smaller ethnic groups;
those of mixed ethnicity were principally
Asian-white (36.0% of the mixed population)
and Arab-white (24.7% of the mixed popula-
tion). The remaining 7.7% among the groups
contained small numbers of children of five
diVerent ethnicities, Arab (n = 99), black (n =
4), Indian (n = 46), Pacific Islander (n = 43)
and South American (n = 70); these numbers
did not provide suYcient power to detect the
measured eVects and were excluded. There-
fore, we conducted our analyses among the
four ethnic groups from the southeastern Syd-
ney area for whom there were measurements in
a suYcient number of subjects, and for whom
there were data available for comparison from
the ACHPER 1985 survey. These were the
white (north European), Mediterranean white,
Asian, and mixed ethnicity groups.

The age distribution of the studied popula-
tion was from 5 to 13 years, with most aged
6–11. Age was calculated from the date of birth
and rounded to the closest year; that is, < 0.5
was rounded down to the year below and > 0.5
was rounded up to the year above. There was a
linear increase in BMI with age in both girls
and boys for each ethnic group (table 1) and in
each of the four ethnic groups age was a
significant predictor of the BMI (p < 0.0001)
in both boys and girls. However, except for
white children (p = 0.027), there was no
significant sex eVect on BMI in each ethnic
group after controlling for age as a covariate
(p = 0.670 for Asians; p = 0.089 for Mediter-
raneans; p = 0.809 for those of mixed race). As
shown in table 2, the diVerences between girls
and boys within each of the four ethnic groups
were minimal.

EFFECT OF ETHNICITY ON BMI

As seen in table 2, in both girls and boys among
the four ethnic groups, those of Asian ethnicity
had the lowest BMI and those of Mediterra-
nean ethnicity the highest. The diVerences
remained significant after controlling for age in
the univariate analysis of variance model
(F = 17.425, degrees of freedom (df) = 3,
p = 0.0001 for boys; F = 7.544, df = 3,
p = 0.0001 for girls).

Table 1 Relation between age and BMI (mean (SEM)) in four diVerent ethnic groups

Age Asian White Mediterranean Mixed ethnicity

Boys
6 16.25 (0.57)

(n = 9)
15.67 (0.16)
(n = 85)

16.02 (0.99)
(n = 7)

16.35 (0.36)
(n = 27)

7 15.81 (0.44)
(n = 25)

16.11 (0.12)
(n = 200)

17.21 (0.42)
(n = 25)

16.92 (0.31)
(n = 52)

8 15.77 (0.34)
(n = 21)

16.76 (0.17)
(n = 166)

17.69 (0.55)
(n = 28)

17.16 (0.42)
(n = 46)

9 16.34 (0.61)
(n = 21)

17.04 (0.15)
(n = 217)

19.38 (0.56)
(n = 26)

17.06 (0.28)
(n = 52)

10 17.49 (0.65)
(n = 19)

17.66 (0.18)
(n = 184)

19.67 (0.62)
(n = 33)

17.68 (0.44)
(n = 53)

11 18.48 (0.73)
(n = 19)

18.34 (0.39)
(n = 76)

21.34 (1.12)
(n = 10)

18.81 (0.58)
(n = 23)

12 20.50 (1.19)
(n = 8)

19.61 (0.83)
(n = 19)

21.88
(n = 1)

18.24 (1.97)
(n = 3)

Girls
6 16.15 (0.70)

(n = 16)
15.76 (0.16)
(n = 116)

16.66 (0.77)
(n = 11)

16.27 (0.39)
(n = 33)

7 15.45 (0.48)
(n = 24)

16.31 (0.14)
(n = 205)

17.79 (0.48)
(n = 29)

16.42 (0.29)
(n = 64)

8 16.34 (0.40)
(n = 32)

16.84 (0.17)
(n = 196)

17.65 (0.35)
(n = 39)

16.76 (0.34)
(n = 52)

9 16.94 (0.78)
(n = 27)

17.54 (0.18)
(n = 215)

18.46 (0.50)
(n = 30)

17.51 (0.43)
(n = 53)

10 17.11 (0.50)
(n = 24)

18.14 (0.21)
(n = 209)

18.36 (0.47)
(n = 38)

18.46 (0.43)
(n = 50)

11 17.71 (0.64)
(n = 15)

18.25 (0.22)
(n = 138)

18.80 (0.69)
(n = 16)

18.89 (0.58)
(n = 42)

12 17.81 (1.50)
(n = 4)

19.34 (0.48)
(n = 34)

19.55 (0.72)
(n = 2)

18.41 (0.42)
(n = 10)

There are significant linear correlations between age and BMI in each of the four ethnic groups;
the p values are < 0.0001 for a separate analysis in each of the four groups.

Table 2 Age adjusted BMI (mean (SEM)) according to
ethnic origin

Ethnicity Boys Girls

Asian 16.82 (0.24)
(n = 123)

16.68 (0.23)
(n = 145)

White 16.99 (0.07)
(n = 956)

17.22 (0.07)
(n = 1118)

Mediterranean 18.64 (0.25)
(n = 131)

18.06 (0.22)
(n = 165)

Mixed ethnicity 17.30 (0.17)
(n = 259)

17.30 (0.12)
(n = 305)

The age adjusted BMIs were evaluated under each univariate
analysis of variance model for each two group comparison in
which age was entered into the model as a covariate. Age was
significantly correlated with BMI in all four subgroup analyses.
The mean ages adjusted to were 8.6, 8.6, 8.7, and 8.6 years for
comparisons between boys and girls in Asian, white, Mediterra-
nean, and mixed race groups, respectively.
The powers (and significance) of comparisons between girls and
boys in Asian, white, Mediterranean, and mixed ethnicity
groups were 0.071 (0.670), 0.598 (0.027), 0.398 (0.089), and
0.057 (0.809), respectively.
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COMPARISON OF OUR POPULATION OF CHILDREN

WITH THAT OF ACHPER IN 1985

We compared the BMI diVerences among our
present population of children with those of the
ACHPER 1985 population7 in girls and boys
for each of these four ethnic groups (table 3).
There were some diVerences in the distribution
of ethnicities between the two populations,
although this may be more apparent than real,
and a result of diVerences in data collection
techniques. The ACHPER survey recorded
parental birthplace, which might not always
reflect ethnicity; we determined ethnicity by
asking parents for their family’s country of ori-
gin (see methods). However, it is relevant that
the percentage of children whose parents were
Mediterranean was the same in both popula-
tions; in ACHPER it was 9.8% and in our
population 8.6%. It is noteworthy too that
there was a much higher proportion of Asian
children in our study (7.5%) than in the ACH-
PER survey (1.5%). Nevertheless, the increase
in BMI over the 10–12 year period was
consistent. There was an average increase of
3.9% for all ethnic groups in boys but of only
1.2% in girls (table 3). Although age was a sig-
nificant independent predictor of BMI in both
populations, the diVerence in BMI between the
current and ACHPER studies remained sig-
nificant after controlling for age (table 3). Table
4 shows age related BMI for white boys and
girls in the ACHPER study and our study. The
BMI is consistently higher in our study
population.

Discussion
The BMI findings for the diverse ethnic groups
in our study demonstrate substantial diVer-
ences occurring in a stable but cosmopolitan
community setting. Previous studies compar-
ing diVerent communities have shown the
same ethnic diVerences. In a comprehensive
recent review of more than 66 000 healthy
children from the USA aged 5–17 years (from
nine studies) the centiles of BMI in each ethnic
group were, from highest to lowest, Hispanic
boys and girls, followed by all other white chil-
dren, with Asian children having the lowest
values.8 In adults also, European studies have
consistently identified higher BMI values and
obesity in southern versus northern European
adults,9 with generally lower BMI values in
Asians10 and larger BMI values in the Arab
population.11 In each of our four groups of
children there was a linear increase in BMI
with age, consistent with the findings at the
same age in other populations.8 12 Clearly, our
overall findings result from the eVects on
growth of both genetic and environmental
impacts, but with recent changes an eVect of
the latter.

We emphasise that the urban population we
surveyed contains a socioeconomic mix of
privileged and less privileged families; and
most of the “private” schools were Catholic
parish schools. Moreover there were no BMI
diVerences between individual schools after
controlling for ethnicity. It seems likely there-
fore that our findings are representative of the
national urban pattern. Indeed, they might
underestimate the change because, paradoxi-
cally, there are data consistent with adiposity
being more common among the less privileged
in developed countries, both in children13 and
in adults.14 Surveys of other communities
should be undertaken.

Because of the size and ethnic diversity of the
population studied by the ACHPER group, we
compared our current age and sex adjusted
findings with those of the ACHPER survey of
1985 to explore possible time related BMI
changes; the results show an increased BMI in
boys, with a similar trend in girls during the
intervening period. This was present in all eth-
nic subgroups and was significant for white
boys and girls, for whom the numbers were
large, and also for Mediterranean boys. Lack of
significance in the other ethnic subgroups
might be a reflection of the smaller numbers in
each. It is likely, however, that an increase in
BMI among primary school aged children
began about 10 years before the ACHPER
1985 survey. Analyses of surveys of Queens-
land schoolchildren undertaken in 1911, 1950,
and 1976 showed no significant change in BMI
from 1911 to 1950, but a definite small
increase in 1976.15 Our findings are consistent
with an acceleration of this eVect. It is now well
documented that weight patterns in childhood
reflect those in adulthood, with obesity track-
ing particularly strongly.1–3 We have shown
previously that levels of apolipoprotein B (apo
B) are significantly increased in overweight
children,4 and that circulating apo B is
correlated strongly with ethnicity in the

Table 3 Age adjusted BMI (mean (SEM)) according to ethnic origin and compared to
those for ACHPER in 1985

Ethnicity

Boys Girls

ACHPER 85 Sydney 98 ACHPER 85 Sydney 98

Asian 16.20 (0.50)
(n = 35)

17.25 (0.21)†
(n = 123)

17.03 (0.45)
(n = 54)

16.96 (0.25)
(n = 145)

White 17.92 (0.05)
(n = 2441

18.32 (0.09)***
(n = 956)

18.21 (0.05)
(n = 2387)

18.70 (0.09)***
(n = 1118)

Mediterranean 19.40 (0.23)
(n = 243)

20.45 (0.35)*
(n = 131

18.82 (0.23)
(n = 184)

18.99 (0.25)
(n = 165)

Mixed ethnicity 17.83 (0.24)
(n = 210)

18.09 (0.21)
(n = 259)

17.77 (0.23)
(n = 195)

18.08 (0.17)
(n = 305)

Age adjusted BMIs were evaluated under each univariate analysis of variance model for each two
group comparison in which age was entered into the model as a covariate. The age was
significantly correlated with BMI in all eight subgroup analysis.
The mean ages adjusted to were 9.2, 11.0, 11.2, and 10.1 years for comparisons in boys in Asian,
white, Mediterranean, and mixed ethnicity groups, respectively; and 9.3, 10.9, 10.4, and 9.8 years
for corresponding comparisons in girls.
The powers (and significance) of comparisons for boys in Asian, white, Mediterranean, and mixed
ethnicity groups were 0.443 (†0.070), 0.925 (***0.001), 0.586 (*0.030) and 0.105 (0.492) and
for the same groups in girls 0.052 (0.900), 0.981 (***0.0001), 0.071 (0.672) and 0.164 (0.329),
respectively. (Age breakdown comparisons are available upon request.)

Table 4 BMI (mean (SEM)) for white children compared to those for ACHPER in 1985
in each age category

Age

Boys Girls

ACHPER 85 Sydney 98 ACHPER 85 Sydney 98

9 16.99 (0.11)
(n = 345)

17.04 (0.15)
(n = 217)

17.06 (0.11)
(n = 335)

17.54 (0.18)*
(n = 215)

10 17.17 (0.11)
(n = 345)

17.66 (0.18)*
(n = 184)

17.56 (0.12)
(n = 357)

18.14 (0.21)*
(n = 209)

11 17.92 (0.13)
(n = 339)

18.34 (0.39)
(n = 76)

18.17 (0.15)
(n = 348)

18.25 (0.22)
(n = 138)

12 18.36 (0.13)
(n = 364)

19.61 (0.83)*
(n = 19)

18.65 (0.14)
(n = 366)

19.34 (0.48)
(n = 34)

*p < 0.05, Student’s t test.
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cosmopolitan population of southeastern
Sydney.5 Apo B is the carrier protein for the
atherogenic low density lipoprotein (LDL)
cholesterol, and circulating concentrations
reflect LDL cholesterol concentrations16 and
cardiovascular risk.17 Indeed, in our earlier
study, increased apo B concentrations in chil-
dren were predictive of an increased risk of
coronary vascular events in older family
members—even across a generation gap,6

eVects likely to be both genetically and
environmentally mediated. However, the ra-
pidity of the development of the present
changes indicates that lifestyle alterations
aVecting diet and exercise levels are the likely
cause. An inverse relation between physical
activity and BMI has been documented for
Belgian children,18 and also for children in
Singapore, in whom an increase in BMI
was also associated with an adverse lipid
profile,19 as we have shown for Australian
children.4

In relation to our findings, it is important to
acknowledge the limitations in the use of BMI
as an index of increased body weight in
growing children.20–22 Total body fat measure-
ment by magnetic resonance imaging and
measurements of triceps and subscapular skin-
folds provide more accurate estimations, but
are suited more for use in small scale studies
and clinical settings.23 24 Despite these limita-
tions, the extensive study of Lazarus and
colleagues reveals a close association between
BMI and adiposity in Australian children25; and
in Busselton (Western Australia), Kelly et al
found that most children who were heavier
than their non-obese peers at age 6 years or
over became overweight in adulthood.26 Fur-
thermore, in German children of the same age
as those in our study, the BMI provided a good
estimate of total body fat measured by
magnetic resonance imaging27; and in Italian
children the BMI was also strongly associated
with total body fat.28 There is a consistent rela-
tion between BMI and adverse lipid profiles in
children, which is highly relevant to adult onset
disease.2 4 6 16 29 Further to the data we have
provided from Australian families on athero-
genic lipid profiles in children,6 there are now
recently reported important postmortem find-
ings. Among children and young adults who
died suddenly, mainly from trauma, and for
whom antemortem risk factor profiles were
available, Berenson and colleagues have docu-
mented strong correlations between BMI and
the presence of fibrous plaques (p < 0.01) and
fatty streaks (p < 0.0001) in coronary
arteries.29 Therefore, we suggest that, despite
its limitations, documentation of the BMI pro-
vides information relevant to health outcomes
and also an index of adiposity that facilitates
comparisons between populations and ethnic
groups within them.

In summary, our study identifies current
ethnic and age related diVerences in BMI
among primary school aged Sydney children,
which underscore the need to control for these
when analysing the present cosmopolitan Aus-
tralian population. The data are also consistent
with an increase in weight relative to height in

Sydney primary school aged boys and girls over
the past 10–15 years. Because increased BMI
and obesity tracks from childhood to adult-
hood, with potentially adverse long term health
eVects, these findings signal a need for preven-
tion. The results of our study also emphasise a
recent editorial comment that there is now a
“clear case for redoubling eVorts to promote
population wide good health practices in
children and young adults that may help to
decrease the risk of future cardiovascular
disease”.30

The ACHPER data were obtained from the Australian health
and fitness survey (1985), jointly funded by the Commonwealth
Department of Sport Recreation and Tourism, the Common-
wealth Schools Commission, the Commonwealth Department
of Health and the National Heart Foundation of Australia. We
also wish to thank our heart health programme dieticians M
Meischke, R Scott, and K Lobley for their assistance in collect-
ing height and weight data.
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STAMPS IN PAEDIATRICS

Stamps in paediatrics

Over the next months the Archives of Disease in
Childhood and the Fetal and Neonatal edition
will feature a series of “Stamps in paediatrics”.
Postage stamps and cancellation marks provide
an excellent advertising medium, which has
been fully utilised over the years in promoting
health care and public awareness campaigns. In
terms of medical postage stamps, paediatric
and child health/welfare issues have been some
of the most prolific, particularly in the less well
developed countries, and are aimed at raising
funds for child welfare organisations or dis-
seminating information to the population
regarding child health issues. Many national
and international organisations such as
UNICEF, Save the Children Fund, and the
World Health Organisation have used postage
stamp advertising to promote their individual
or collective campaigns.

The most frequent paediatric campaigns
featured on the stamps have been the promo-
tion of breast feeding/nutrition, growth moni-
toring, immunisation, and oral rehydration
therapy—well illustrated by the two sets of
UNICEF stamps from Zimbabwe (1987) and
Zambia (1988). Both issues were part of the
Child Survival Campaign and emphasise one
of the main features of the successful use of this
communication medium. Pictorial rather than
linguistic messages are the most eVective as
they are understood equally well across all
national and international boundaries and do
not require literacy to be widely and easily
interpreted.

Selections of paediatric stamps from around
the world covering a range of aspects in child
health and welfare will be incorporated in the
future issues.
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