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30-year trends in overweight, obesity and waist-to-height ratio
by socioeconomic status in Australian children, 1985 to 2015

LL Hardy', S Mihrshahi', J Gale', BA Drayton? A Bauman' and J Mitchell?

BACKGROUND/OBJECTIVE: To report 30-year (1985-2015) prevalence trends in overweight, obesity and abdominal obesity
among children by school level and socioeconomic status (SES).

SUBJECTS/METHODS: Five cross-sectional, population child surveys (age 4-18 years; n=27 808) conducted in 1985-1997-2004—
2010-2015 in New South Wales, Australia. Outcomes were prevalence of measured overweight, obesity and waist-to-height ratio
(WHtR > 0.5) by sex, school level (children (primary) and adolescents (high)) and SES tertile.

RESULTS: In 2015, the prevalences of overweight, obesity and WHtR > 0.5 in children were 16.4%, 7.0% and 14.6%, respectively,
and in adolescents 21.9%, 17.2% and 4.6%, respectively. Obesity prevalence has not significantly changed in children or adolescents
since 1997, nor since 2010 (children, P=0.681; adolescents, P=0.21). Overweight has not significantly changed in children since
1997, but has in adolescents since 1985, with a relative increase of 16 percentage points (P < 0.001) between 2010 and 2015.
WHtR > 0.5 prevalence has significantly changed since 1985, except in adolescent girls between 2010 and 2015. Between 2010 and
2015 the relative increase in WHtR > 0.5 was 17 and 40 percentage points in children and adolescent boys, respectively. Significant
disparities in prevalence rates between children and adolescents from low and high SES backgrounds began in 2010 for
overweight, since 1997 for obesity and since 2004 for WHtR > 0.5. Differences between SES groups have become larger over the
past 18 years.

CONCLUSIONS: Since 1997, obesity has remained stable, and overweight has stabilized in children, not in adolescents. WHtR > 0.5
significantly increased between 1985 and 2015, with prevalence rates at each survey around twice the obesity prevalence.
Compared with high SES children and adolescents, the risk of overweight, obesity and WHtR > 0.5 was significantly higher for low
SES children and adolescents. The findings are highly relevant to policy makers involved in child obesity prevention interventions

and highlight the need for better targeted interventions among children and adolescents from low SES backgrounds, and

adolescents in particular.
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INTRODUCTION

The high prevalence of child obesity remains a global public
health concern.'? In response to the increasing number of
overweight and obese children, government and non-
government agencies in many countries have invested in
programs that address modifiable factors (for example, diet,
physical activity and screen time) associated with obesity. The
return on intervention investments appear promising with some
countries reporting a stabilization in child obesity rates at a
population level,>® but others are yet to observe evidence of a
plateau.®™"" The stabilization of child obesity rates is positive for
public health, but there is strong evidence that child obesity
remains unequally distributed across subgroup populations,'*"
and that in some countries obesity trends among children from
socially disadvantaged backgrounds and certain ethnicities are
not stabilizing."*™'® The evidence suggests that some child obesity
interventions are effective;'’2° however, changing obesogenic
factors is not a linear process, rather, change is time dependent
and complex, and involves interactions between biology, environ-
ment and behavior. These interactions may differ across popula-
tion groups, which may explain why the current interventions are

not having the desired impacts in socially disadvantaged
communities.

Serial population surveillance of children’s obesity status is
essential to monitor prevalence estimates over time to guide
preventive policies and interventions, and to broadly assess the
returns on investments in child obesity prevention programs.
The purpose of this study was to investigate trends, and the
socioeconomic distribution, of measured overweight, obesity and
abdominal obesity among children aged 4-18 years between
1985 and 2015 collected by a state population surveillance
program of children’s weight and weight-related behaviors.

MATERIALS AND METHODS

Five representative cross-sectional surveys of children aged 4-18 years
living in New South Wales (NSW; 2015 pop 7.6 mil), Australia, were
analyzed to examine change in weight status at five time points: 1985,
1997, 2004, 2010 and 2015. Sample size for 1985 were based on detecting
a 5% group difference with 90% power and a 0.05 and for 1997-2004—
2010-2015 surveys a 10% group difference with 80% power and a-level of
0.05. All surveys were school-based and used comparable sampling frames
that were based on a two-stage probability sample (school and student).
The sampling frame comprised all NSW schools with the exception of
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special schools (for example, blind, sport) and schools with enrollments
< 180 students (due to cost and small student numbers). Within each
sector, the schools were ordered by location (based on geo-location codes
to identify rural and urban schools), gender, socioeconomic status (SES)
and school size. The sample of schools was therefore representative of
sector (government, independent, Catholic schools), location (rural and
urban), gender composition and SES. That is, the proportions of students
from across the different combination of stratification variables were
similar to those in the population of eligible students. The probability of
school selection was proportional to size of the school enrollment. Schools
were sampled from each education sector proportional to enrollment in
that sector, and students from one to two randomly selected classes in
each target grade were invited to participate.

The study protocols are comparable for each survey year and included
information on the child’s school level (primary or secondary school), sex,
date of birth and postcode of residence. Height (m), weight (kg) and waist
circumference (cm) were measured in socks, over one layer of light clothing
by trained field staff using standard procedures.?’ Waist circumference was
measured at the level of the narrowest point between the lower intercostal
border and iliac crest with a steel anthropometric tape measure. Body mass
index (BMI; kg m™) was calculated from height and weight and children
categorized as overweight and obese using the International Obesity
Taskforce age-sex adjusted cut-points.?? Waist-to-height ratio (WHtR) is an
indicator of abdominal obesity and was calculated as waist circumference
divided by height and dichotomized as a ratio < or >0.5.2

Children’'s home postcode was a proxy measure of SES using the
Australian Bureau of Statistics' Socioeconomic Index for Areas (SEIFA) Index
of Relative Socioeconomic Disadvantage.>* SEIFA summarizes census-
obtained socioeconomic indicators for geographic areas including income,
educational attainment, unemployment and proportion of people in
unskilled occupations. SEIFA scores from the national census most
proximal to the survey year were used to rank students into low, middle
and high tertiles according to SES background.

Surveys

1985 data originate from the Australian Health and Fitness Survey,®
a national survey (n=8484) of children aged 8-15 years conducted
between May and October 1985. Primary and high schools were randomly
selected from each education sector, stratified by state, and students were
selected at random within schools. NSW data (n=2955) were extracted
and 1986 census data were used to determine SES. 1997 data are from the
NSW Schools Fitness and Physical Activity Survey (NSWSFPAS)?® a
representative NSW population survey of children aged 5-17 years in
primary and high schools (n=5518) conducted between February and
March 1997. 1996 census data were used to determine SES. 2004-2010—
2015 data are from the NSW Schools Physical Activity and Nutrition Survey
(SPANS).?”?8 SPANS are representative NSW population surveys of children
aged 4-18 years, in primary and high schools (2004 n=5402; 2010
n=8058; 2015 n=7557) conducted between February and March. 2006
census data were used to determine SES for 2004, and 2011 census data
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for 2010 and 2015 SES. The Australian Health and Fitness Survey was
approved by the State Director General of Education, and NSWSFPAS and
SPANS were approved by the University of Sydney Human Research Ethics
Committee, NSW Department of Education and NSW Catholic Education
Commission. For each survey, written consent by students and their care
providers were required for participation.

Analysis

Data were analyzed in December 2015 using SAS Enterprise Guide (5.1;
SAS Institute, Cary, NC, USA). For the analysis, children were stratified by
primary and high school. The prevalence for each BMI category were
calculated using PROC SURVEYFREQ, which takes into account the survey
design and the clustering of data by school and year level. Overall
associations between survey year and overweight, obesity and WHtR > 0.5
prevalence were tested using the Rao-Scott chi-square test.?® Logistic
models were used to explore the relationships between the probability of
being overweight, obese and WHtR > 0.5 with survey year, sex, school level
and SES tertile modeled as nominal factors and age as a covariate. School
and year level were identified as cluster variables in order to account for
the design effect of the surveys. Interactions between survey year and sex,
school level and SES tertile were calculated to assess whether the odds of
being overweight, obese and WHtR > 0.5 by sex, school level or SES tertile
changed differentially across the years of the surveys. The significance
level was 0.05 and 0.1 for interaction terms.

RESULTS

The response rates and sociodemographic characteristics of
children by survey year are shown in Table 1. In total, 27 808
children participated across all survey years. BMI categorization data
were available on 26 801 children (96.4%) and WHtR data were
available on 26 263 children (94.4%). Figure 1 shows prevalences for
overweight, obesity and WHtR > 0.5 for children in primary school
by survey year and sex. The only significant change in the
prevalence of overweight was between 1985 and 2015 and only
among boys (P=0.043) with the prevalence increasing relatively by
53 percentage points. Similarly, the only statistically significant
change in the prevalence of obesity was between 1985 and 2015
where the prevalence of obesity increased more than threefold
among boys (P=0.044) and sixfold among girls (P=0.006). The
prevalence of WHtR> 0.5 significantly changed between 1985 and
2015 in boys (P < 0.001) and girls (P < 0.001) also between 1997
and 2015 in boys (P <0.001) and girls (P <0.001) and between
2010 and 2015 the prevalence increased relatively by 27
percentage points among boys (P=0.019).

Figure 2 shows prevalences for overweight, obesity and
WHtR> 0.5 for adolescents in high school by survey year and

Table 1. Summary characteristics of the sample by survey year

Survey year

1985 1997 2004 2010 2015
Child response rates (%) 68 87 66 57 63
Sample size 1270 5518 5407 8058 7555
Available BMI data (n) 896 5402 5395 7734 7374
Available waist-to-height data (n) 1269 4391 5399 7850 7354
Boys (%) 49 53 51 52 48
Age years (mean, range)

Primary school 10.8 (8.1-15.7) 9.4 (5.1-13.0) 8.6 (4.2-13.1) 8.4 (4.2-15.7) 8.5 (3.3-13.3)

High school 14.5 (12.3-16.2) 14.2 (11.4-17.3) 14.5 (12.2-17.3) 14.3 (10.2-19.9) 14.3 (12.4-17.2)
Socioeconomic status (%)

Low 32.1 274 239 29.0 24.5

Middle 394 39.6 35.9 379 344

High 28.6 33.0 40.2 33.1 4.1

International Journal of Obesity (2017) 76-—82

77



Trends in Australian child obesity: 1985 to 2015
LL Hardy et al

78

Overweight
250

= Boys @ Girls

Prevalence (%)

1985 1997 2004 2010 2015
Survey year

Obese
10.0

@ Boys @ Girls a

Prevalence (%)

1985 1997 2004 2010 2015
Survey year

WHtr 0.5

20.0 4 :
@ Boys B Girls

18.0

16.0

14.0

12.0

Prevalence (%)
s
o

8.0
6.0 -
4.0 +
20+

0.0 +

1985 1997 2004 2010 2015
Survey year

a=1985-2015 P <0.05; b=1997-2015 P <0.01; ¢=2010-2015 P <0.02

Figure 1. Prevalence (%, 95% Cl) of overweight, obese and WHtr
> 0.5 among primary school children, by survey year and sex.

sex. Significant changes in the prevalence of overweight were
observed between 1985 and 2015 in boys (P=0.002) and girls
(P < 0.001), between 1997 and 2015 in boys (P=0.006) and girls
(P<0.001) and between 2010 and 2015 in boys (P=0.021) and
girls (P <0.001). Between 2010 and 2015 the prevalence of
overweight increased relatively by 20 and 38 percentage points in
boys and girls, respectively. The prevalence of obesity among
adolescents was very low in 1985. The only significant change in
the prevalence of obesity was between 1997 and 2015 in boys
(P=0.022): a relative increase of 33 percentage points. Significant
changes in the prevalence of WHtR > 0.5 were observed between
1985 and 2015 in boys (P < 0.001) and girls (P=0.014), between
1997 and 2015 in boys (P<0.001) and girls (P=0.011) and
between 2010 and 2015 in boys (P < 0.001).

Figure 3 shows the odds of children and adolescents from low
SES backgrounds being overweight, obese and having abdominal
obesity (WHtR>0.5) at each survey time point, by school level,

International Journal of Obesity (2017) 76 -82

Overweight
35.0

@ Boys @ Girls
30.0

25.0

20.0

15.0

Prevalence (%)

10.0

5.0 1

0.0 -

1985 1997 2004 2010 2015
Survey year

Obese
10.0

@ Boys B Girls

Prevalence (%)

1985 1997 2004 2010 2015
Survey year
‘WHitr 0.5
30.0
= Boys O Girls

25.0 a

20.0

15.0

Prevalence (%)

10.0

5.0

00 | L L
1985 1997 2004 2010 2015
Survey year

a=1985-2015P <0.01; b=1997-2015 P <0.01; ¢=2010-2015 P <0.001

Figure 2. Prevalence (%, 95% Cl) of overweight, obese and WHtR >
0.5 among high school adolescents, by survey year and sex.

compared with peers from high SES backgrounds. In primary
school children, the odds of being overweight were 32 and 77%
higher among children from low SES backgrounds compared with
children from high SES backgrounds in 2010 and 2015,
respectively. In high school, SES differences in the prevalence of
overweight were apparent in 2015, with the odds of overweight
being 64% higher among adolescents from low compared with
high SES backgrounds.

Significant SES differences in the prevalence of obesity have
been apparent among primary school children since 1997.
Between 1997 and 2010, the odds of obesity were between 1.73
and 1.97 times higher among children from low, compared with
children from high SES backgrounds increasing to 2.36 in 2015.
Similarly, among adolescents in high school, significant SES
differences in the prevalence of obesity were apparent from
2004 onwards. The odds of being obese for adolescents from low
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Figure 3.
adolescents.

SES backgrounds were 1.84-2.79 times higher than adolescents
from high SES backgrounds.

Significant SES differences in the prevalence of WHtR > 0.5 have
been apparent among primary school children since 2004. In 2004
and 2010, the odds of WHtR > 0.5 were 90 and 97% higher among
children from low, compared with children from high SES
backgrounds with the odds increasing to 2.34 in 2015. Among
adolescents in high school, significant SES differences in the
prevalence of WHtR > 0.5 were apparent from 2010 onwards. The
odds of WHtR > 0.5 were 2.57 and 2.79 times higher in 2010 and
2015, respectively, for adolescents from low SES backgrounds
compared with adolescents from high SES backgrounds.

BMI density plots of children from low and high SES back-
grounds in 1997 and 2015, by school level and sex, are presented
in Figure 4. In contrast to high SES children and adolescents, there
is a clear temporal right shift and decreased kurtosis in the
distributions for children and adolescents from low SES back-
grounds, and these differences were greater among adolescents
in high school compared with children in primary school. The
1997 and 2015 distributions curves are aligned closer for the high
SES tertile compared with the variability between survey years of
the low SES tertile.

DISCUSSION

This study reports on 30-year trends in the prevalence of
overweight and obesity, and uniquely, WHtR>0.5 in Australian
children and adolescents. In this study, overweight and obesity

Trends in Australian child obesity: 1985 to 2015
LL Hardy et al

High school adolescents

Overweight
BU00 e e e
423
T 400 oo
=
& 3.00
o 2.1
S 200 Lo 178 173 158 T -
S 1.64 I I I E 1.64
B 1.29
8 100 - L2 1.24 1.24
0.94 0.89 0.97
0.00 --- 064
1985 1997 2004 2010 2015

0dds ratio (95% Cl)

B.00 oo
500 - m o
359 52
4.00 317 :
Y1 L
} 257 279
2.00 +---4-2.02---161- L T
) 1.97
1.00 it E 1.10. 1.84
000 -—--081______ 074 oe8
1.00
1985 1997 2004 2010 2015

Odds of low SES children and adolescents being overweight, obese and having WHtR > 0.5, compared with high SES children

have not significantly increased among primary school children
nor has the prevalence of obesity increased in high school
adolescents since 1997, a finding that has been previously
suggested.” The addition of 2015 estimates shows that since
2010, and in contrast to primary school children, there were
significant increases in the prevalence of overweight among
adolescents, increasing from 17 to 22%. While the 2015
prevalence of overweight was similar for adolescent boys and
girls (~22%), the prevalence among girls increased by 8% after
being stable at approximately 16% for the previous 18 years.
This is the first study to report on the prevalence and trends of
abdominal adiposity in Australian children and adolescents. The
prevalence of WHtR > 0.5 has significantly changed between 1985
and 2015 in children and adolescents, including an increase
between 2010 and 2015. With the exception of 2004, the
prevalence of abdominal obesity was around twice the prevalence
of obesity in primary school children and adolescent boys and
approximately 30 relative percentage points higher in adolescent
girls. It is not clear why WHtR>0.5 rates have increased and
obesity rates have remained stable but the increase in abdominal
obesity is of concern. BMI is a surrogate measure of total adiposity
that does not distinguish between fat and fat-free mass nor does it
describe body fat distribution, which may be a more important to
than total adiposity. WHtR measures fat accumulation around the
abdominal area, which is associated with less favorable cardio-
metabolic profiles in children®*3! and in adults3? Hence, while
both measure adiposity, determining which of these measures is
the optimal for obesity screening is still being debated.®*3* WHtR
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appears to add additional information in terms of discriminating
obesity-related cardiometabolic risk, compared with BMI, and in
children who are overweight or obese it may identify children who
need medical intervention.

Alternatively the temporal increase in abdominal obesity may
reflect a right shift in BMI distribution. We used the IOTF obese
category (equivalent to a BMI >30kgm~™2 at age 18 years);
however, the proportion of Australian children in morbid obese
category has significantly increased between 1985 and 2012.
Children with morbid obesity (equivalent to a BMI > 35 kg m ™2 at
age 18 years) represented 11% of children with obesity in 1985
increasing to 23% in 2012 and children with severe obesity
(BMI>140% of the 95th percentile or a BMI>40kgm™)
represented 19% of children with obesity in 1985 and increased
to 32% in 2012. Further research is required to examine the
association between more extreme obesity categories and
WHtR > 0.5, but the current findings suggest certain obesogenic
factors are influencing abdominal obesity, especially in adolescent
boys. This may reflect changes to environmental cues that
influence epigenetic mechanisms that influence the distribution
of fat and suggests that more research is required.
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BMI distributions for children and adolescents from low and high SES backgrounds in 1997 and 2015 by sex and school level.

The reason for a lower WHtR > 0.5 prevalence in 2004 is not
clear and further exploration of the data is required to understand
this paradox. Although the field staff for each survey were trained
in anthropometric measurement and their inter-rater reliability
assessed,? 2% measurement error must be considered, given there
was no concomitant decrease in the prevalence of obesity. We
found that obesity and WHtR > 0.5 were strongly and positively
associated and that the majority of children and adolescents who
were in the obese category also had a WHtR > 0.5. These findings
are similar to a study of 14 493 children aged 5-18 years, which
showed children in the overweight and obese BMI categories with
a WHtR < 0.5 had a cardiometabolic risk approaching that of
children in the normal BMI category. In children and adolescents
who are overweight and obese, an increasing WHtR was
significantly associated with increased cardiometabolic risk with
the greatest associations observed in children with obesity.*'

A clear, consistent and concerning finding in this study was the
unequal distribution of adiposity indicators within survey years,
between children and adolescent from low SES, compared with
peers from high SES backgrounds. Overall, the prevalence was
significantly higher among children and adolescents from low SES
compared with peers from the high SES backgrounds, especially



for obesity and WHtR>0.5. Differences in the prevalence of
overweight between low and high SES children and adolescent
began in 2010, and in 2004 for abdominal obesity among primary
school girls, while the difference for obesity rates in children
began in 1997 and 2004 among adolescents. The increasing SES
disparities in obesity and abdominal obesity are especially
concerning and suggest that urgent intervention is needed in
low SES populations. Australia is not alone in identifying SES
disparities in children and adolescents with studies in the US®®
and Europe>® recently reporting similar findings of social inequal-
ity in child overweight and obesity.

While many factors are involved in the increase in overweight
and obesity, including biology, there is strong evidence on the
adverse impact of the obesogenic environment on lifestyle
behaviors.3”*® Australia has being making substantial investment
to address the issue of obesity since 1997.3° Obesity intervention
mapping tools are available;** however, within the real-world
situation there is no system that accurately documents obesity
prevention programs delivered across multiple sectors and
settings. It is, however, reasonable to consider that the back-
ground influence of the up-stream policy has contributed to
change in children and adolescent’s weight status. In NSW,
investment in child obesity prevention strategies has remained a
government priority with establishment of linkages between
academic sectors and the health system to coordinate invest-
ments across agencies and sectors.*"*?

The evidence indicates the need to invest in the childhood
years (that is, birth to age 12 years) to influence the prevention of
unhealthy weight gain and to reduce the burden of chronic
disease and future medical costs.**** Hence, much of the
investment in NSW has focused on the early childhood and
primary school years; and the current findings suggest some
success from that investment. Our findings show that the
prevalence of overweight and of obesity have remained stable
among primary school children since 1997, but not among
adolescents (high school) where the prevalence of overweight has
significantly increased between 2010 and 2015. The implementa-
tion of child obesity prevention programs in NSW began around
2006 and was primarily targeted within the primary school setting.
Hence, the increase in overweight among adolescents may reflect
the lack of investment in this age group, who would have received
only minimal exposure to primary school-based obesity preven-
tion initiatives. The increase and higher prevalence of overweight
in adolescents is worrying given the strong evidence of the
tracking of BMI from adolescence into adulthood.*>*¢

Although inter-country prevalence comparisons are difficult
because of difference in BMI categorization systems and data
presentations, the 2015 rates presented here suggest that rates of
obesity are lower than those of US® and UK? children. Similarly, the
overall prevalence of abdominal obesity in 2015 was 13.9%, which
was substantially lower than the US prevalence of 32.9% in 2012
for similarly aged children.*’4®

Study strengths include comparable survey methods, large
representative samples of children, measured anthropometry, and
trained field staff using standard protocols and quality control
procedures to ensure reliability. A potential limitation is the
response rate; however, these have remained relatively constant
over time, usually greater than 60%, and are higher than similar
school based*® and household*® surveys of Australian children’s
weight status. Earlier research examining non-response bias in the
2004 survey suggested there was no difference in the prevalence
of overweight and obesity between participating and non-
participating students.” Ethics restrictions prevent routine exam-
ination of non-responder bias at each survey point, which raises
the issue of whether population surveillance surveys which benefit
public health should have passive (that is, opt-out) rather than
active consent. Finally, our sampling frame was designed to be
representative of NSW children, and while NSW is Australia’s most
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populous state, the findings may not necessarily be generalizable
to all Australian children.

CONCLUSION

Since 1997, the prevalence of overweight and obesity has not
significantly changed in children, nor has the prevalence of
obesity significantly changed since 1997 in adolescents. Con-
versely the prevalence of overweight has significantly changed
across survey periods in adolescents, with significant increases
observed between 2010 and 2015. Abdominal obesity, a marker of
cardiometabolic risk, has significantly increased between 1985
and 2015 and prevalence rates at each survey time point are
around twice that of obesity. There are clear and persistent SES
inequalities in the distribution of overweight, obesity and WHtR,
with children and adolescents from low SES backgrounds more
likely to be in unhealthy weight categories and this disparity has
increased over time. This finding suggests that the current delivery
of obesity prevention programs to socially disadvantaged areas is
either not adequately reaching into these communities, or the
programs do not address the necessary obesogenic factors need
to ameliorate the social gap in obesity prevalence.
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