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ABSTRACT

Background High body mass index (BMI) is the second
leading contributor to Australia’s burden of disease and
is particularly prevalent among Aboriginal peoples. This
paper aims to provide insight into factors relating to
obesity among Aboriginal adults and Aboriginal-non-
Aboriginal differences.

Methods Cross-sectional analysis of data from the
45 and Up Study, comparing obesity (BMI =30 kg/m?)
prevalence and risk factors among 1515 Aboriginal
and 213301 non-Aboriginal adults in New South
Wales. Age—sex-adjusted prevalence ratios (PRs) for
obesity by sociodemographic factors, health behaviours
and health status were estimated (multivariable
log-binomial regression) for Aboriginal and non-
Aboriginal participants separately. We quantified the
extent to which key factors (physical activity, screen
time, education, remoteness, area-level disadvantage)
accounted for any excess Aboriginal obesity
prevalence.

Results Obesity prevalence was 39% among Aboriginal
and 22% among non-Aboriginal participants (PR=1.65,
95% ClI 1.55 to 1.76). Risk factors for obesity were generally
similar for Aboriginal and non-Aboriginal participants and
included individual-level and area-level disadvantage,
physical inactivity, and poor physical and mental health,
with steeper gradients observed among non-Aboriginal
participants for some factors (P, . ~<0.05). Many risk
factors were more common among Aboriginal versus non-
Aboriginal participants; key factors accounted for >40% of
the excess Aboriginal obesity prevalence.

Conclusion A substantial proportion of the excess
obesity prevalence among Aboriginal versus non-
Aboriginal participants was explained by physical activity,
screen time, education, remoteness and area-level
disadvantage. Socioeconomic and health behaviour
factors are potential targets for promoting healthy BMI,
but these must be considered within the context of
upstream social and cultural factors. Adults with health
needs and disability require particular attention.

INTRODUCTION

High body mass index (BMI) is the second leading
contributor to the total burden of the disease in
Australia, including through its association with
diabetes, chronic kidney disease, coronary heart
disease, stroke and cancer.! These health conditions

and associated disability can be both a cause and
consequence of high BMI.

Obesity is particularly common among Aborig-
inal and Torres Strait Islander adults (40% among
adults =18 years, based on measured height and
weight?) and is associated with a substantial burden
of disease.’ This obesity prevalence is significantly
higher than the 27% observed among non-Indige-
nous Australian adults (age-adjusted obesity prev-
alence ratio (PR) of 1.5).> * Obesity prevalence
is elevated among Indigenous compared with
non-Indigenous adults in other countries including
Canada, New Zealand and the USA (prevalence
difference: 15%-20%, PR=1.6-2.0%); this is at
least partially attributable to lasting impacts of
colonisation.® 7 For example, in Australia, colo-
nisation disrupted the traditional lifestyles and
cultures of Aboriginal and Torres Strait Islander
peoples; this has had lasting negative repercus-
sions on well-being, including through continuing
socioeconomic disadvantage and reduced access to
services, infrastructure and food security, discon-
nection from culture and land, and intergenera-
tional trauma.””

While the available large-scale evidence specific
to Aboriginal and Torres Strait Islander adults indi-
cates that obesity prevalence is significantly higher
among women versus men and among older (35-44,
45-54 and =55 years) versus younger (18-24 and
25-34 years) adults, and does not vary significantly
by remoteness,” the existing evidence base is insuffi-
cient to identify specific factors underlying the excess
obesity prevalence among Aboriginal and Torres Strait
Islander adults compared with non-Indigenous Austra-
lian adults. As a result, there is insufficient evidence to
guide programme and policy development to promote
healthy BMI for this population.

The excess obesity prevalence may reflect a
combination of factors, including differences in
the prevalence of ‘known’ obesity risk factors
between the two populations, differences between
the two populations in the associations between
factors and obesity and/or the presence of obesity
risk factors unique to the Aboriginal and Torres
Strait Islander population; to our knowledge, no
previous research has attempted to investigate
this. This paper aims to provide insight into the
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factors relating to obesity in Aboriginal' adults and Aboriginal—
non-Aboriginal differences, using data from a large-scale study
of adults living in New South Wales (NSW), Australia. It aims to
quantify and compare associations between obesity and ‘known’
risk factors (sociodemographic factors, health behaviours,
health status) among Aboriginal and non-Aboriginal adults; and
to quantify the extent to which key factors (physical activity,
screen time, education, remoteness, area-level disadvantage)
account for any excess obesity prevalence in the Aboriginal
population.

METHODS

Setting

Around 649 000 Aboriginal and Torres Strait Islander people
live in Australia, representing 2.8% of the total Australian popu-
lation.'® NSW is the state/territory with the largest Aboriginal
and Torres Strait Islander population. Among the Aboriginal
population of NSW, 85.5% live in urban areas and 28.4% of
adults aged 25-64 years have completed education at the level
of Year 12 or equivalent, similar to the distribution in the total
Aboriginal and Torres Strait Islander population (respective
figures of 79.0% and 29.6%)."

Study population

The Sax Institute’s 45 and Up Study is a large-scale cohort study
of men and women aged 45 years and older living in NSW.
Adults were randomly sampled from the general population
using the Department of Human Services (previously Medicare
Australia) enrolment database, with oversampling in rural areas
and of individuals aged =80 years. Recruitment occurred from
2006 to 2008, with an 18% response rate. To join the study,
participants completed a postal questionnaire and provided
written consent for fiveyearly health questionnaires and linkage
to routinely collected health data. The study design has been
described in detail elsewhere."!

The 2010 data release includes data on 266821 participants,
representing 10% of the NSW population aged 45 years and
older. Individuals were excluded from our analyses if they had
missing data on Aboriginal status (n=4742) or age (n=11);
BMI missing, <150r >50kg/m> (n=19716)'%; or a history of
cancer other than melanoma and non-melanoma skin cancer
(n=27536).

Data

Remoteness and area-level disadvantage were derived from
participants’ postcodes at recruitment; other variables were
derived from baseline questionnaire responses.

Aboriginal status
Participants self-identified as being of Aboriginal and/or Torres
Strait Islander origin (or neither) on the baseline questionnaire."

Outcome

BMI, calculated from self-reported height and weight, was cate-
gorised as underweight (<18.5kg/m?), normal weight (18.5—
24.99 kg/m?), overweight (25.0-29.99 kg/m?) or obese (=30kg/
m?); obesity was used as the outcome in the estimation of PRs.

‘In this paper, the term Aboriginal, rather than Aboriginal and Torres
Strait Islander, is used with respect to study participants as Aboriginal
persons comprise the vast majority (95.9%, n=207256/216 176) of the
Indigenous population of NSW and are the original inhabitants of the
area.'

Exposure variables

Sociodemographic variables included sex, age, annual house-
hold income before tax, highest educational qualification
and employment status. Remoteness was categorised as
major city, regional area or remote area, based on the post-
code’s mean Accessibility Remoteness Index of Australia Plus
score." Area-level disadvantage was measured using the 2006
Socio-Economic Index for Areas (SEIFA) Index of Relative
Socio-Economic Disadvantage,'® collapsed into study popula-
tion tertiles.

Health behaviour variables included smoking status; average
daily fruit and vegetable consumption; alcohol consumption;
average number of weekly sessions of physical activity longer
than 10 min, weighted by activity vigorousness'®; and daily
screen time and standing time.

Health status variables included prior serious illness (self-re-
ported doctor diagnosis of heart disease, stroke or diabetes);
self-rated health; psychological distress, based on participants’
Kessler Psychological Distress (K-10) score; functional limita-
tion, based on the physical functioning subscale of the Medical
Outcomes Score'”; disability (self-reported need for assistance
with daily tasks because of long-term illness or disability); and
carer status.

See online supplementary supporting information file 1 for
details.

Statistical methods

We compared obesity prevalence among Aboriginal versus
non-Aboriginal participants by estimating the PR and 95% CI,
adjusted for age and sex, using multivariable log-binomial
models. We estimated age-adjusted and sex-adjusted PRs for
obesity across categories of exposure variables within the Aborig-
inal and non-Aboriginal participants separately; a category was
included for missing data on each exposure variable, but these
results are not presented. We tested for trend across categories of
ordinal variables by re-running models with variables as contin-
uous variables (excluding participants with missing data on the
exposure of interest). To test if associations between factors
and obesity were different for Aboriginal and non-Aboriginal
participants, we repeated each model in the full sample with and
without an interaction term (Aboriginal status X exposure); we
identified significant multiplicative statistical interactions using
the likelihood ratio test.

We estimated the contribution of key factors to the excess
obesity prevalence among Aboriginal (vs non-Aboriginal)
participants. We examined changes in the Aboriginal-non-Ab-
original obesity PR between the base model (adjusted for age
and sex only) and models additionally adjusted for (1) health
behaviours (physical activity, screen time); (2) socioeconomic
factors (education, remoteness, area-level disadvantage) and (3)
health behaviours and socioeconomic factors together. Change
in PR between models was calculated as: 100x(PR___—PR
(PR, _-1).18

adiusred)/

base

Sensitivity analyses

We repeated analyses excluding underweight participants
(n=2591) because these participants might be over-represented
in poor health behaviour or health status categories within the
non-obese reference group. We conducted additional analyses
excluding participants with disability or functional limitation,
given the potential link between functional limitation and ability
to be physically active.
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Table 1 Characteristics of Aboriginal and non-Aboriginal participants in the 45 and Up Study by body mass index (BMI) category

Aboriginal Non-Aboriginal

Normal weight Overweight  Obese Normal weight Overweight  Obese

BMI 18.5-24.99 BMI 25-29.99 BMI 30-50 Total BMI 18.5-24.99 BMI 25-29.99 BMI 30-50 Total
N 355 552 582 1,515* 78698 84473 47565 213 301*
% of total 234 36.4 38.4 100.0* 36.9 39.6 223 100.0*
Median BMI (IQR) 22.9(2.7) 27.4(2.4) 34.0 (5.4) 28.3(7.8) 23.0 (2.5) 27.1(2.4) 32.8 (4.4) 26.3(5.8)
Median age (IQR) 54.7 (13.4) 55.8 (11.7) 55.3(11.7) 55.2(11.9)  60.0(17.8) 60.6 (15.6) 59.2 (13.6) 60.1 (15.9)
Male (%) 41.7 50.7 42.8 45.5 38.8 55.9 45.7 46.9
No school certificate (%)t 26.3 26.3 29.9 27.6 9.2 10.6 14.2 10.9
Household income <$20 000/year (%) 38.7 324 41.4 37.9 225 215 26.4 23.1
Most disadvantaged SEIFA tertile (%)  50.7 45.7 52.9 49.8 29.6 32.2 36.4 32.2
<7 physical activity sessions/week (%) 32.1 31.0 39.2 34.1 24.7 29.2 38.8 29.7
=5 hours screen time/day (%) 28.8 38.2 38.7 36.0 28.1 32.7 38.8 32.3
Current smoker (%) 29.5 18.9 16.4 21.2 8.2 6.4 7.1 7.3
=14 drinks/week (%) 17.2 22.0 12.9 173 173 21.8 17.7 19.2
Very high psychological distress (%) 8.2 6.6 10.1 85 1.6 1.7 33 2.0
Moderate/severe functional 28.2 23.6 43.7 32,6 13.7 16.3 30.0 18.5
limitation (%)
Disability (%)$ 12.6 8.9 16.5 12.7 4.1 3.8 7.3 4.8
Full-time carer (%) 9.9 9.1 11.5 10.2 45 4.7 6.6 5.1
Prior serious illness (%) 15.5 22.3 37.8 26.5 14.7 19.2 25.8 19.0
Poor or fair health (%) 23.4 20.0 37.0 27.7 9.3 10.6 211 12.6

*Less than 2% of the cohort was underweight (n=26 Aboriginal and n=2565 non-Aboriginal participants); these data are not displayed, but they are included in the total. The

sample size may not equal the total N for variables with missing data.
tLeft school before completing Year 12.
tAssistance required for daily tasks.

RESULTS

Sample characteristics

The final sample included 1515 Aboriginal and 213301
non-Aboriginal participants, with median age 55.2 and 60.1
years, respectively. In general, a higher proportion of Aborig-
inal, compared with non-Aboriginal, participants were smokers
and of lower socioeconomic position (including low educa-
tion, low income, area-level disadvantage) and poorer health
status (including psychological distress, functional limitation,
disability, self-rated health). A similar proportion of Aboriginal
and non-Aboriginal participants had low physical activity, high
screen time and high alcohol consumption. Table 1 presents
these characteristics overall and by BMI category.

Among Aboriginal participants, 1.7% were underweight,
23.4% normal weight, 36.4% overweight and 38.4% obese;
corresponding figures for non-Aboriginal participants were
1.2%, 36.9%, 39.6% and 22.3%. The BMI distribution was
shifted towards higher BMI in the Aboriginal versus non-Ab-
original sample (figure 1A). The proportion obese was generally
higher for Aboriginal versus non-Aboriginal men and women at
most age groups (figure 1B), with an overall age-adjusted and
sex-adjusted obesity PR of 1.65 (95% CI 1.55 to 1.76).

Association between sociodemographic factors and obesity

Associations between sociodemographic factors and obesity
were generally similar for Aboriginal and non-Aboriginal partic-
ipants (figure 2). Obesity prevalence was lower for persons
aged =65versus 45-65 years, and higher for women versus
men and for those living in regional and remote versus urban
settings, but these associations were only statistically significant
in the non-Aboriginal sample. For both groups, obesity was

significantly less common among those in paid work versus not
(PR=0.87, 95% CI 0.75 to 0.99 and PR=0.79, 95%CI 0.78 to
0.81), and there was a significant trend of decreasing obesity
prevalence with increasing education, income and area-level
advantage.

Although the relationship between education and obesity was
in the same direction for Aboriginal and non-Aboriginal partic-
ipants, the gradient in obesity PR was steeper in the non-Ab-
original sample (P value for interaction <0.01). However, the
absolute difference in obesity prevalence (unadjusted) across
education categories was of similar magnitude for Aboriginal
and non-Aboriginal participants.

Association between health behaviours and obesity

Among both Aboriginal and non-Aboriginal participants, obesity
prevalence significantly decreased with increasing physical
activity and standing time, and with decreasing screen time
(figure 3). Across these exposures, membership in the most versus
least active category was associated with an obesity PR of 0.79-
0.83 and 0.57-0.79, and a 6.8%-9.2%and 4.3%-11.9% lower
obesity prevalence (unadjusted) in absolute terms, for Aborig-
inal and non-Aboriginal adults. The gradient in the relationship
of physical activity and screen time to obesity was steeper for
non-Aboriginal compared with Aboriginal participants (P value
for interaction <0.01and =0.04).

Among Aboriginal participants, there was not a significant
relationship between fruit or vegetable consumption and obesity.
Compared with never-smokers, Aboriginal (PR=1.16, 95%CI
1.01 to 1.33) and non-Aboriginal (PR=1.23, 95%CI 1.21 to
1.25) ex-smokers were significantly more likely to be obese, and
Aboriginal current smokers were significantly less likely to be
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Figure 1  (A) Distribution of body mass index among 45 and Up study

participants by Aboriginal status and (B) proportion (and 95% Cl) obese
by age group, sex and Aboriginal status.

obese (PR=0.78, 95% CI 0.64 to 0.95). There was a significant
interaction for smoking status (P value for interaction=0.03). For
both Aboriginal and non-Aboriginal adults, obesity prevalence
decreased significantly with increasing alcohol consumption.

Association between health status factors and obesity
Obesity was significantly more common among Aboriginal and
non-Aboriginal participants with disability (PR=1.38, 95% CI
1.18 to 1.63 and PR=1.81, 95%CI 1.76 to 1.86) and prior
serious illness (PR=1.81, 95%CI 1.59 to 2.05 and PR=1.74,
95% CI 1.71 to 1.77), and there was a significant trend towards
increasing obesity prevalence with increasing levels of psycho-
logical distress and functional limitation and decreasing levels
of self-rated health (figure 4). Membership in the poorest versus
best health status category was associated with up to a twofold
and threefold increase in age-adjusted and sex-adjusted obesity
prevalence, and up to an 26.8% and 22.4% absolute increase in
unadjusted obesity prevalence for Aboriginal and non-Aborig-
inal participants, respectively.

The direction of relationships was the same for Aboriginal
and non-Aboriginal participants across all exposures, and abso-
lute differences in unadjusted obesity prevalence were similar in
magnitude; however, the PR gradients were stronger (P value for
interaction <0.05) for psychological distress, functional limitation,
disability and self-rated health among non-Aboriginal participants.

Explanatory contribution of key factors to the excess

obesity prevalence among Aboriginal versus non-Aboriginal
participants

We examined the contribution of key factors to the excess
obesity prevalence among Aboriginal compared with non-Ab-
original participants in the full sample (n=214816). When key
health behaviours were added to the base model, the PR was
reduced from 1.65 (95% CI 1.55 to 1.76) to 1.56 (95% CI
1.46 to 1.66; 14.1% reduction from base model), and when key

‘Aboriginal participants

Non-Aboriginal participants

% Obese (total n) Prevalence Ratio (95% Cl)

Total 38.4(1,515)
Age
45-65 years 39.6(1,218) 1.00
265 years 337(297)  0.85(0.72,1.02)
Sex
Male 36.1(689) 1.00

Female 40.3 (826) 1.11(0.98, 1.26)
ion *F

No school cert 41.8 (407) 1.00
School cert 39.6 (440) 0.92 (0.78,1.09)
Apprenticeship/dip

Employment status

Not in paid work 40.1 (709) 1.00

In paid work 36.6(789)  0.87(0.75,0.99)
Income *t

<$20,000/year 41.7 (448) 1.00
0.89 (0.73,1.07)
0.91 (0.75,1.10)
0.71 (0.56,0.88)

$20-39,000/year 38.3 (261)

$40-69,000/year 39.2(235)

2$70,000/year 30.7 (238)
SEIFA *1

Most disadvantaged 40.9 (754) 1.00
0.97 (0.85, 1.12)
0.72 (0.59, 0.88)

Middle disadvantaged 40.1 (469)

Least disadvantaged 29.5(292)
Remoteness T

Major city 35.6 (469) 1.00
1.13 (0.96, 1.33)
1.08(0.92,1.27)

Regional area 40.5 (534)
Remote area 38.9(512)

—_o-
37.3(410) 0.88(0.74,1.05) —O-L
University degree 32.4(219) 0.76 (0.61,095) —&—
|
——
——
%L;

% Obese (total n) Prevalence Ratio (95% Cl) P (int)
22.3(213 301)
24.1(138 380) 1.00 0.72
19.0 (74 921) 0.79 (0.77, 0.80)
21.7 (100 130) 1.00 027
22.8(113171) 1.04 (1.02, 1.05)
29.0(23012) 1.00 <0.01
23.8 (67 285) 0.78(0.76,0.80)
22.6 (68 467) 0.72(0.70,0.74)
16.9 (51 922) 0.52(0.51,0.54)
22.5(96 358) 1.00 0.34
22.2 (115 527) 0.79 (0.78, 0.81)
25.5(39157) 1.00 0.38
22.1(36 641) 0.80(0.78,0.82)
22.3(39033) 0.75 (0.73,0.76)
20.3 (54 643) 0.66 (0.64,0.67)
25.2 (68 583) 1.00 0.78
23.6 (68 613) 0.93 (0.92, 0.95)
18.5 (76 044) 0.74(0.72,0.75)
20.3 (96 468) 1.00 0.27
23.5 (74 928) 1.13 (1.11, 1.15)
24.8 (41 853) 1.19 (1.16, 1.21)

Figure 2 Obesity prevalence and prevalence ratios among Aboriginal and non-Aboriginal participants according to sociodemographic factors.

Total n=1515Aboriginal participants and 213 301 non-Aboriginal participants across all models; a category for missing data was included for each
exposure variable but these results are not presented. Prevalence ratios are adjusted for age (in 5-year increments up to age <80 and >80 years) and
sex, where appropriate. Horizontal lines represent 95% Cls around point estimates; the Cls in the non-Aboriginal sample are very narrow and are thus
obscured by the marker for the point estimate. *Significant trend across categories among Aboriginal participants (only tested for ordinal variables). t
Significant trend across categories among non-Aboriginal participants (only tested for ordinal variables). SEIFA, Socio-Economic Index for Areas.
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Aboriginal participants Non-Aboriginal participants
% Obese (total n) Prevalence Ratio (95% Cl) % Obese (total n) Prevalence Ratio (95% Cl) P (int)
Total 38.4(1,515) 22.3(213301)
Physical activity *t
<7 sessions/wk 44.0 (517) 1.00 29.1(63377) 1.00 <0.01
7-14 sessions/wk 36.8 (454) 0.83(0.71,0.97) —— 20.9 (78 435) 0.71(0.69, 0.72)
214 sessions/wk 34.8 (477) 0.79 (0.68, 0.93) —— 17.2 (66 120) 0.57 (0.56, 0.58)
Screen-time *1
25 hours/day 40.8 (510) 1.00 26.8 (66 419) 1.00 0.04
3-5 hours/day 38.0 (545) 0.93 (0.80,1.08) 22.1(86775) 0.84(0.83,0.86)
<3 hours/day 33.9 (360) 0.82(0.69,0.98) —— 17.0(52501) 0.64 (0.63,0.66)
Standing time *t
<3 hours/day 42.4 (432) 1.00 24.3(62507) 1.00 0.45
3-6 hours/day 38.8(374) 0.92(0.77, 1.08) 23.0(56790) 0.93(0.91, 0.95)
26 hours/day 35.6 (486) 0.83(0.71,0.98) ——| 20.0(70658) 0.79 (0.77,0.80)
Smoking status
Never smoked 38.2(615) 1.00 20.6(121211) 1.00 0.03
Ex-smoker 43.8(573) 1.16 (1.01, 1.33) —— 25.1(75878) 1.23(1.21,1.25)
Current smoker 29.7 (320) 0.78 (0.64, 0.95) —— 21.6(15591) 1.00(0.97, 1.04)
Fruit consumption
<2 servings/day 39.3(716) 1.00 23.1(85733) 1.00 0.21
22 servings/day 38.4(704) 0.97 (0.85, 1.11) 21.6(119529) 0.94(0.92, 0.95)
Vegetable consumption
<5 servings/day 38.5(982) 1.00 21.7(142527) 1.00 0.42
25 servings/day 38.5(473) 0.99 (0.86, 1.13) 23.6 (66 264) 1.09(1.07,1.11)
Alcohol consumption *t
0 drinks/week 44.8 (643) 1.00 26.8 (66 986) 1.00 0.15
1-13 drinks/week 35.5(558) 0.80 (0.69, 0.92) —— 19.9 (102 463) 0.72(0.70, 0.73)
214 drinks/week 28.7 (251) 0.65 (0.52,0.81) —— 20.6 (40 046) 0.73(0.72,0.75)
0.5 1 2

Figure 3  Obesity prevalence and prevalence ratios among Aboriginal and non-Aboriginal participants according to health behaviour factors.

Total n=1515Aboriginal participants and 213 301 non-Aboriginal participants across all models; a category for missing data was included for each
exposure variable but these results are not presented. Prevalence ratios are adjusted for age (in 5-year increments up to age <80 and >80 years) and
sex, where appropriate. Horizontal lines represent 95% Cls around point estimates; the Cls in the non-Aboriginal sample are very narrow and are thus
obscured by the marker for the point estimate. *Significant trend across categories among Aboriginal participants (only tested for ordinal variables). t
Significant trend across categories among non-Aboriginal participants (only tested for ordinal variables).

socioeconomic factors were added to the base model, the PR screen time and standing time within the Aboriginal and non-Ab-
was reduced to 1.43 (95% CI 1.34 to 1.52; 33.9% reduction). original samples did not materially change, and the P values for
After adjustment for both health behaviours and socioeconomic interactions for physical activity and screen time were no longer
factors, the point estimate for PR was reduced from 1.65 to 1.36 significant (0.08, 0.26); the P value for interaction for standing
(95% CI 1.28 to 1.44; 45.0% reduction). time remained non-significant (0.75) (see online supplementary

supporting information file 2, figure S1).
Sensitivity analyses

Across all variable domains, the exclusion of underweight partic- DISCUSSION
ipants did not materially change results (all PR changes<10%; Obesity prevalence was nearly 70% higher among Aboriginal
data not shown). After excluding participants with disability or compared with non-Aboriginal Australian adults in our study

functional limitation, the relationship of BMI to physical activity, (PR=1.65,95%CI 1.55 to 1.76). This is consistent with national

Aboriginal participants Non-Aboriginal participants
% Obese (total n) Prevalence Ratio (95% Cl) % Obese (total n) Prevalence Ratio (95% Cl) P (int)
Total 38.4 (1,515) 22.3(213301)
Psychological distress *t
Low 36.3 (790) 1.00 20.7 (148 157) 1.00 0.04
Moderate 40.8 (245) 1.11(0.93, 1.33) 25.8(30047) 1.24(1.21,1.26)
High 42.0 (143)  1.13(0.92, 1.40) 29.6 (10131) 1.41(1.37, 1.46)
Very high 459 (109)  1.23(0.99, 1.55) 35.9(3930) 1.71(1.63, 1.78)
Functional limitation **
None 29.5 (386) 1.00 13.5 (67 381) 1.00 <0.01
Minor/moderate 34.7 (447) 1.19(0.97, 1.45) 23.3(85118) 1.89(1.85,1.93)
Moderate/severe 51.9 (403) 1.80(1.50, 2.16) - 35.9(34 581) 3.32(3.24, 3.40)
Disability
No 36.7 (1,224) 1.00 21.6 (193 813) 1.00 <0.01
Yes 50.0 (178)  1.38(1.18,1.63) - 33.7(9781) 1.81(1.76, 1.86)
Carer status T
Non-carer 37.5 (1,177) 1.00 21.7 (182 036) 1.00 0.16
Part-time carer 45.5 (101)  1.19(0.95, 1.49) 24.2(13223) 1.08(1.05,1.12)
Full-time carer 43.5 (145)  1.14(0.93,1.39) 28.9(10499) 1.37(1.33,1.41)
Prior serious illness
No prior serious illness 324 (1,113) 1.00 20.4 (172 793) 1.00 0.82
Prior serious illness 55.0 (402) 1.81(1.59,2.05) - 28.8 (40 508) 1.74(1.71,1.77)
Self-rated health *1
Excellent/very good 24.5 (530) 1.00 15.1 (112 300) 1.00 0.01
Good 42.9 (508)  1.75(1.46, 2.10) - 28.3 (67 982) 1.98(1.95, 2.02)
Poor or fair 51.3 (396)  2.10(1.76, 2.50) - - 37.3 (25 985) 2.75(2.69, 2.81)
05 1 2 4

Figure 4 Obesity prevalence and prevalence ratios among Aboriginal and non-Aboriginal participants according to health status factors. Total
n=1515Aboriginal participants and 213 301 non-Aboriginal participants across all models; a category for missing data was included for each
exposure variable but these results are not presented. Prevalence ratios are adjusted for age ((in 5-year increments up to age <80 and =80 years) and
sex, where appropriate. Horizontal lines represent 95% Cls around point estimates; the Cls in the non-Aboriginal sample are very narrow and are thus
obscured by the marker for the point estimate. *Significant trend across categories among Aboriginal participants (only tested for ordinal variables). t
Significant trend across categories among non-Aboriginal participants (only tested for ordinal variables).
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data from 2011 to 2013 (PR=1.6 for adults aged =18 years?),
and with the excess obesity prevalence observed among Indig-
enous compared with non-Indigenous adults in countries
including Canada, New Zealand and the USA (PR=1.6-2.0).°
Relationships between obesity and sociodemographic, health
behaviour and health status factors were generally similar for
Aboriginal and non-Aboriginal participants. However, the prev-
alence of most risk factors was higher among Aboriginal versus
non-Aboriginal participants. A substantial proportion (>40%)
of the excess obesity prevalence among Aboriginal people was
explained by ‘known’ proximal risk factors: physical activity,
screen time, education, remoteness and area-level disadvantage.
It is likely that poor health and well-being, as well as factors not
measured in this study (such as racism, food security, disconnec-
tion from culture and land), contribute to the remaining excess
burden of obesity in this population.”

For both Aboriginal and non-Aboriginal participants, obesity
was significantly less common among those experiencing advan-
tage at the individual (education, income, employment) and area
level. To our knowledge, this is the first large-scale evidence on
the association between these factors and obesity among Aborig-
inal adults. Obesity prevalence among Aboriginal adults did not
vary significantly by remoteness, consistent with national esti-
mates from 2012 to 3013.%

Obesity prevalence was significantly lower among Aboriginal
and non-Aboriginal adults with higher levels of physical activity,
standing time and alcohol intake, and lower levels of screen time;
to our knowledge, this is the first large-scale evidence on these
relationships specific to the Aboriginal adult population. While
we identified a significant difference between Aboriginal and
non-Aboriginal adults in the relationship of physical activity and
screen time to obesity in the full sample (significant P value for
interaction), these interactions were no longer significant when
the sample was restricted to those who had the ability to be
physically active (ie, those without functional limitation). This
demonstrates the importance of considering obesity risk and
preventive factors within the context of people’s capabilities.

For both Aboriginal and non-Aboriginal adults in our sample,
obesity prevalence was significantly lower among those with
higher levels of alcohol intake. Evidence from other popula-
tions on the relationship between alcohol consumption and
BMI is mixed, potentially attributable to differential impacts
on BMI by alcohol type or to confounding by factors such
as smoking, health status or changes in alcohol intake over
time."”Compared with never-smokers, obesity prevalence was
higher among both Aboriginal and non-Aboriginal ex-smokers,
and lower among Aboriginal (but not non-Aboriginal) current
smokers. These associations have been observed in data from
cross-sectional and cohort studies of other populations, and
may be attributable to factors including the impacts of nicotine
on energy intake and expenditure?*~%; however, the association
between smoking and changes in bodyweight is complex and
difficult to disentangle from potential confounders including
diet, physical activity, health status and weight concerns.”’
These findings of cross-sectional association should not be
interpreted as evidence that alcohol consumption or smoking
prevents obesity®” 2%; further, there is also evidence (including
among Aboriginal Australians™) that heavy smoking is asso-
ciated with increased central fat accumulation, independent
of BMI, which is associated with increased chronic disease
risk.?? 2* 25 Regardless, there is potential benefit in integrating
weight management support into alcohol and smoking cessa-
tion programmes to mitigate concerns about weight gain asso-
ciated with cessation.

Data were not available to examine caloric intake, but we
examined the association between obesity and indicators of fruit
and vegetable intake. We did not observe a significant association
between obesity and fruit or vegetable intake among Aboriginal
participants. Evidence on cross-sectional associations between
weight status and fruit and vegetable intake is mixed; variation
in the relationship may be partially explained by an inability to
adjust for total energy intake, differences in the categorisation of
fruit and vegetable intake and the accuracy of measures, differ-
ences in the types of foods and preparation method, and differ-
ences in adjustment strategy.?® 2

Obesity prevalence was significantly lower among Aboriginal
and non-Aboriginal adults in better physical health and mental
health; we observed the strongest associations between obesity
and these measures. For example, obesity prevalence was around
twofold for Aboriginal participants and threefold for non-Ab-
original participants with poor/fair versus excellent/very good
self-rated health, and with disability versus no disability. No
sociodemographic or health risk factor variables were associated
with an obesity PR of this magnitude. The strong associations
between obesity and health status factors may reflect the fact
that many of these relationships are bidirectional and reinforcing
in nature. Illness and disability both contribute to and are conse-
quences of obesity. Physical impairment that reduces physical
activity is known to increase BMI. At the same time, high BMI
itself, and consequences such as diabetes mellitus and cardio-
vascular disease, can further impair physical functioning. Given
these bidirectional and reinforcing relationships, calculating the
burden of obesity attributable to poor health status is difficult,
but it is likely to have a contribution in this direction.

There were generally similar (and often strong) relationships
between factors and obesity for Aboriginal and non-Aboriginal
participants. However, the majority of obesity risk factors were
more commonly observed in the Aboriginal versus non-Aborig-
inal sample. It is well established that Aboriginal people experi-
ence a higher burden of these factors, particularly disadvantage,
illness and disability, stemming at least in part from inequalities
in upstream determinants and Australia’s history of colonisa-
tion.® ? 2 Overall, 45.0% of the excess prevalence of obesity in
the Aboriginal versus non-Aboriginal sample was explained by
a select set of indicators of socioeconomic position and health
behaviours. This is a substantial proportion, particularly when
allowing a reasonable margin of error for the measurement of
each included factor and considering limited number of factors
included; we did not adjust for measures of health status given
the potential for reverse causality.

For some variables, obesity PR was attenuated in the Aborig-
inal versus non-Aboriginal group. However, in many of these
cases, absolute difference in obesity prevalence (unadjusted)
across exposure categories was similar, or even greater, in the
Aboriginal versus non-Aboriginal group. For example, among
Aboriginal participants, obesity prevalence was 51.9% among
those with moderate/severe limitation versus 29.5% among
those with no functional limitation (absolute difference: 22.4%);
respective prevalences were 35.9% and 13.5% (absolute differ-
ence: 22.4%) among non-Aboriginal participants. Despite equiv-
alent absolute prevalence difference, the relative difference in
obesity prevalence was significantly larger for the non-Aborig-
inal (PR=3.32, 95%CI 3.24 to 3.40) versus Aboriginal group
(PR=1.80,95%CI 1.50 to 2.16). This is largely due to the lower
base prevalence in the non-Aboriginal sample. This may explain
the observed differences between Aboriginal and non-Aboriginal
participants in the relationships of obesity to education, func-
tional limitation, disability and self-rated health. This highlights
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the importance of considering differences in both relative and
absolute prevalence.

Strengths and limitations

The 45 and Up study includes data on a wide range of socio-
demographic factors, health behaviours and health-related
factors from a large sample of middle-aged and older Aborig-
inal and non-Aboriginal participants from NSW, Australia. To
our knowledge, this study is the first internationally to examine
and directly compare the relationship between obesity and a
range of factors among Indigenous and non-Indigenous persons
within the same large-scale dataset. The 45 and Up Study is not
intended to be representative of the general population, and the
absolute estimates of obesity prevalence in this study may not be
representative of that in the general population. However, PRs
based on internal comparisons, such as those reported here, have
been shown to be generalisable and remain valid in non-repre-
sentative studies.”” * The use of cross-sectional data precludes
demonstration of causality or disentanglement of bidirectional
relationships.

Reliance on self-reported data, in particular BMI, is a poten-
tial limitation. However, a validation study among 45 and Up
Study participants demonstrated that, while reported BMI was
slightly underestimated, it was on average within 1kg/m* of
measured values.’! Research from other populations indicates
that the extent of biases in self-reported BMI vary by factors
including age, sex, ethnicity, education and income.*** In both
the Aboriginal and non-Aboriginal sample, BMI may be underes-
timated and obese participants may be misclassified as non-obese.
If BMI is underestimated across all levels of BMI, our results
may be biased towards the null. If the extent of underestimation
of BMI is larger for Aboriginal compared with non-Aboriginal
participants in our study, the extent of bias towards the null may
be greater for this group. However, if underestimation increases
with increasing BMI (for both groups), the effect on associations
will be limited, but if any, it will bias towards the null. Hence,
our results are suitably conservative. Further, the observed
obesity prevalence estimates are consistent with previous esti-
mates based on self-reported height and weight among Aborig-
inal and Torres Strait Islander adults and adults in the general
Australian population,®** and the observed estimates of relative
risk of obesity for Aboriginal compared with non-Aboriginal
adults in our study are consistent with national data from 2011
to 2013 (PR=1.6 for adults aged =18 years), which were based
on measured height and weight.” Other self-reported measures
(eg, K-10)*® have been validated for use in this study. There is
no gold standard method for identification as Aboriginal and/or
Torres Strait Islander®’; use of self-reported individual data on
identification is a strength of the study given the lack of reliable
data on Aboriginal status within administrative data. Any error
in identification would tend to dilute towards null relationships;
our findings may therefore underestimate true effects.’’”

BMI is limited as an individual-level measure of adiposity®®;
however, it is a valuable population-level indicator,*® and its
use was pragmatic for this study, given the absence of other
measures. Previous research has indicated that Aboriginal and
Torres Strait Islander, compared with non-Indigenous, Austra-
lians may have different distribution and higher content of body
fat for a given BML***! Therefore, high BMI may have an even
stronger association with disease among Aboriginal and Torres
Strait Islander Australians.

We were limited to examining exposures measured in the 45
and Up Study and unable to examine factors relating to culture,

spirituality or social connectedness, which may be important
contributors to weight status.” Further, we were unable to
explore broader family-level or community-level factors, which
are critical to holistic (rather than strictly biomedical) under-
standings of well-being.”

CONCLUSION

The relationships between obesity and selected socioeconomic
factors, health behaviours and health status were generally
similar for Aboriginal and non-Aboriginal adults in our study.
The prevalence of many obesity risk factors was higher in the
Aboriginal compared with non-Aboriginal sample, and a set
of key socioeconomic factors and health behaviours explained
>40% of the excess obesity prevalence among Aboriginal
compared with non-Aboriginal participants. Potential targets
for promoting healthy BMI include socioeconomic and health
behaviour factors, but these need to be considered within the
context of health status and other upstream social and cultural
factors.”

Particular attention is needed to address obesity in those with
multiple health needs and disability. A very high percentage of
Aboriginal and Torres Strait Islander adults experience functional
limitation or poor health, and it is necessary to support obesity
prevention and mitigation efforts for people at this level of risk.
The relationship between physical health and obesity is likely to
be bidirectional, with obesity being both a result and cause of
disability and morbidity. Obesity prevention and management
must take into account functional impairment and illness, espe-
cially for Aboriginal and Torres Strait Islander adults. Critically,
efforts to promote healthy weight need to be designed in part-
nership with Aboriginal and Torres Strait Islander peoples, and
ensure programmes and policies are culturally appropriate and
relatable.”

What is already known on this subject

» High body mass index (BMI) is the second leading contributor
to Australia’s burden of disease and is particularly prevalent
among Indigenous peoples. The factors underlying this excess
prevalence are unknown.

What this study adds

» To our knowledge, this study is the first internationally to
examine and directly compare the relationship between
obesity and a wide range of factors among Indigenous and
non-Indigenous adults within the same dataset.

» Factors related to obesity were generally similar for
Aboriginal and non-Aboriginal participants, but many risk
factors were more common among Aboriginal participants;
selected factors accounted for >40% of the excess Aboriginal
obesity prevalence.

» Potential targets for promoting healthy BMI include
socioeconomic and health behaviour factors, but these need
to be considered within the context of upstream social and
cultural factors, particularly for Aboriginal adults. Adults with
health needs and disability require particular attention.
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