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ABSTRACT

Objectives To assess the prevalence and incidence of
diabetes among Aboriginal peoples in remote communities
of the Northern Territory (NT), Australia.

Design Retrospective cohort analysis of linked clinical
and administrative data sets from 1 July 2012 to 30 June
2019.

Setting Remote health centres using the NT Government
Primary Care Information System (51 out of a total of 84
remote health centres in the NT).

Participants All Aboriginal clients residing in remote
communities serviced by these health centres (N=21 267).
Primary outcome measures Diabetes diagnoses were
established using hospital and primary care coding,
biochemistry and prescription data.

Results Diabetes prevalence across all ages increased
from 14.4% (95% Cl: 13.9% to 14.9%) to 17.0% (95% CI:
16.5% to 17.5%) over 7 years. Among adults (>20 years),
the 2018/2019 diabetes prevalence was 28.6% (95%

Cl: 27.8% to 29.4%), being higher in Central Australia
(39.5%, 95% Cl: 37.8% to 41.1%) compared with the Top
End region (24.2%, 95% CI: 23.3% to 25.1%, p<0.001).
Between 2016/2017 and 2018/2019, diabetes incidence
across all ages was 7.9 per 1000 person-years (95% Cl:
7.3 10 8.7 per 1000 person-years). The adult incidence of
diabetes was 12.6 per 1000 person-years (95%Cl: 11.5 to
13.8 per 1000 person-years).

Conclusions The burden of diabetes in the remote
Aboriginal population of the NT is among the highest

in the world. Strengthened systems of care and public
health prevention strategies, developed in partnership with
Aboriginal communities, are needed.

INTRODUCTION

Diabetes is a major cause of morbidity and
premature mortality worldwide. Prevalence
rates of type 2 diabetes and obesity have
increased in recent decades due to factors
such as globalisation and urbanisation, which
are accompanied by sedentary behaviour and
energy-dense diets.' * Accompanying these

%1% Louise J Maple-Brown'?

Strengths and limitations of this study

= This study describes the burden of diabetes
among Aboriginal peoples in the Northern Territory,
Australia, who represent some of the world’s longest
surviving cultures but experience substantial health
and social inequality compared with the broader
Australian population.

= The large sample size and use of detailed, individual-
level data with a robust data-linkage methodology
provide reliable epidemiological estimates in a con-
text where traditional observational studies are im-
mensely challenging, not least due to the population
being dispersed over such a vast geographical area.

= The retrospective approach relies on existing clin-
ical data, so the prevalence and incidence of dia-
betes may be underestimated due to incomplete
screening.

= Our findings are unlikely to be generalisable to
Aboriginal peoples living in urban centres.

factors, there is growing interest in the role of
epigenetic mechanisms and the intrauterine
environment as drivers of intergenerational
diabetes and obesity risk.> The increasing
prevalence of diabetes is also contributed
to by ageing of populations and improved
survival with the condition.'™

Unlike type 1 diabetes, which is caused
by insulin deficiency due to autoimmune-
mediated pancreatic beta-cell failure, type 2
diabetes is characterised by insulin resistance
and a degree of beta-cell dysfunction.” Indig-
enous populations are disproportionately
affected by type 2 diabetes and associated
complications.” Social determinants of health
are likely key contributors.” In Australia,
diabetes was the third leading cause of death
for Aboriginal and Torres Strait Islander
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peoples in 2019.° The 2018-2019 National Aboriginal
and Torres Strait Islander Health Survey estimated a
diabetes prevalence of 8% among all ages, being higher
(12%) in remote areas.” These self-reported data are an
underestimation. There is also geographical variability,
with prevalence rates up to 33% previously reported in
specific communities.

The Northern Territory (NT) of Australia spans a
vast area of 1.35million km? (more than twice the area
of France) with a population density of just 0.2 people/
km®? Over 30% of the population identify as Aborig-
inal people, 77% of whom live in remote or very remote
areas.” Some areas of the NT were less impacted by colo-
nisation until the mid-20th century and there remains
great strength and diversity of culture, with more than
100 Aboriginal languages and dialects still spoken.'
The NT is commonly considered in two broad regions,
the Top End and Central Australia. In 2005, the preva-
lence of diabetes among Aboriginal people was estimated
at 16% in Central Australia and 7.7% in the Top End."
More recent accurate estimates of the diabetes burden
are lacking.

In this context, we examined trends in diabetes prev-
alence, contemporary diabetes incidence rates and the
demographic and clinical characteristics of people with
diabetes among Aboriginal peoples in remote communi-
ties across the NT.

METHODS

Study population

The study included all Aboriginal clients, who were
recorded as being local residents, of all remote health
centres using the NT Health Primary Care Informa-
tion System. This electronic medical record system is
used in 51 out of 84 remote health services in the NT
(approximate locations shown in figure 1). Each of these
health services are in locations defined as either remote
or very remote according to the Australian Statistical
Geography Standard.'® These remoteness classifications
are based on relative accessibility to services in urban
centres according to road distance measurements. As the
clinics are sole service providers in these communities,
almost all the local population are clients. To have been
included, an individual must have had an interaction with
a clinic since 1 July 2007. Births and deaths are updated
monthly by relevant government agencies. Additionally,
client lists are updated every 6 months in collaboration
with local community members to account for popula-
tion mobility. Aboriginal ethnicity is self-identified in
NT health records. A 2011 validation study showed 98%
concordance between Aboriginal identification in health
records and findings from interviews."?

Study design
A retrospective cohort analysis of linked clinical and
administrative data from 1 July 2012 to 30 June 2019 was
performed.

Figure 1

Map of the Top End (TE) and Central Australia
(CA) regions of the Northern Territory, Australia, showing

the 51 remote clinics (triangles) and 6 hospitals (crosses)
contributing data to this study. There are two hospitals in the
location at the top left (North West) of the Top End. Distances
and locations are approximate.

Data sources

De-identified data were from the NT Health Primary
Care Information System (PCIS) and the Hospital Inpa-
tient Activity data set. Individual level records were deter-
ministically linked using a unique identifier, the Hospital
Reference Number (HRN), which is used across all NT
Health services. The HRN and other personal identifiers
are routinely stored in a centralised Client Master Index,
which connects to and synchronises across various NT
Health information systems, including both PCIS and the
Hospital Inpatient Activity data set. The Client Master
Index is subject to continual audit and review and is
deemed reliable for deterministic linkage in research.'® 1
Implementation of PCIS commenced in 2004 and was
completed by 2010. Data for this study included demo-
graphics, community ‘resident’ or ‘visitor’ status, Inter-
national Classification of Primary Care (ICPC) coded
diagnoses, medication prescriptions, biochemistry results
and date of death. The Hospital Inpatient Activity data
set provided International Classification of Diseases, 10th
revision, Australian Modification (ICD-10-AM) codes for
principal and secondary diagnoses for inpatient admis-
sions to the NT’s six public hospitals during the study
period and date of death from discharge coding.

Outcome definitions

Individuals meeting any of the following criteria were
considered to have diabetes: (i) coding for diabetes
in primary care (ICPC) or hospital (ICD-10-AM) data,
(ii) prescription of a diabetes medication according to
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Anatomical Therapeutic Chemical classification code
A10 other than metformin, and/or (iii) biochemical
evidence of diabetes on at least two occasions. Details
of ICPC and ICD-10-AM inclusions are in online supple-
mental table 1. Metformin was excluded from the
diabetes definition as it is commonly used for other
indications, including polycystic ovarian syndrome and
‘pre-diabetes’. Our case ascertainment was informed by
a manual validation study of individual patient records
(details in online supplemental appendix). Biochem-
ical criteria included haemoglobin Alc (HbAlc) 26.5%
(248 mmol/mol), fasting plasma glucose >7.0mmol/L,
2-hour plasma glucose >11.1mmol/L and/or random
capillary or plasma glucose >11.1mmol/L."” In order to
avoid inclusion of gestational diabetes mellitus (GDM),
data were excluded for 9months prior and 3months
following a diagnosis code for GDM in either the primary
care or hospital data sets. Type 1 and ‘other’ diabetes
were identified using ICD-10-AM and ICPC coding.
People with diabetes, not identified as type 1 or ‘other’,
were presumed to have type 2. If a person was assigned
conflicting codes relating to diabetes type (n=39), their
clinical records were manually reviewed and diabetes type
adjudicated based on documentation by their treating
clinicians and relevant investigations.

Statistical analysis

Descriptive statistics were calculated for the total study
population, people with prevalent diabetes and people
with incident diabetes. Annual diabetes prevalence
(%) was calculated for the total population for each
financial year (1 July to 30 June) between 2012/2013
and 2018/2019, with 95% CIs calculated using:
p+1.96 @ . Current prevalence (2018/2019) was
stratified by sex and decade of age and also calculated
for adults, defined as 220 years old for consistency with
the International Diabetes Federation Diabetes Atlas.'
Trends in prevalence over time were assessed using nega-
tive binomial regression. Subgroup analyses of the Top
End and Central Australia regions were performed for
2018/2019 due to known demographic and epidemiolog-
ical differences between these populations.' 17 Compari-
sons between regions were performed using the Pearson
x® test, non-parametric equality-of-medians test and
unpaired t-test as appropriate.

Due to smaller numbers, diabetes incidence was
assessed in aggregate over a 3-year period (2016/2017-
2018/2019). Trends in incidence over time were not
assessed. A diagnosis was considered incident when a
person was first recorded as meeting the study criteria for
diabetes and that person had records available within the
preceding 5years with no evidence of diabetes.

All analyses were performed in Stata (v16.1, StataCorp,
Texas).

Patient and public involvement
Interpretation and reporting of the study findings
involved Aboriginal people living in the NT, including

two of the authorship group and a third contributor,
who requested to remain anonymous. Wider dissemina-
tion and communication of the research findings back
to Aboriginal communities in the NT and the develop-
ment of future translational work to address the public
health concerns raised in this study will be guided by the
Aboriginal and Torres Strait Islander Advisory Group of
the Diabetes across the Lifecourse: Northern Australia
Partnership.

Ethics

The study was approved by the Human Research Ethics
Committee of Northern Territory Department of Health
and Menzies School of Health Research (Ref: 2016-2675).

RESULTS

Over 7years, 21 267 Aboriginal people from 51 remote
communities across the NT were included. Median age
at baseline was 22 (IQR 9-39) years, 10 902 (51.3%)
were women, 15 035 (70.7%) were from the Top End
and 1059 (5.0%) died during the study period. In the
2012/2013 financial year, 14.4% (95% CI: 13.9% to
14.9%, n/N=2749/19 042) of people had diabetes. By
2018/2019 this prevalence had increased to 17.0% (95%
CI: 16.5% to 17.5%, n/N=3477/20 429), with 98.6% (n/
N=3429/3477) of diagnoses classified as type 2 diabetes.
Figure 2 depicts the 18% increase in prevalence over
the study period (annual increase 2.5%, 95% CIL: 1.9%
to 3.1%, p<0.001). In 2018/2019, the prevalence among
adults was 28.6% (95% CI: 27.8% t0 29.4%,n/N=3414/11
939). Figure 3 shows that diabetes prevalence was higher
with increasing age, except in the oldest age-group (=70
years), and that there were more women than men with
diabetes in all age-groups.

In 2018/2019, diabetes was more prevalent across all
ages in Central Australia (23.0%, 95% CI: 22.0% to 24.1%)
than the Top End (14.5%, 95%CIL: 13.9% to 15.1%,
p<0.001). When restricted to adults, the prevalence was
39.5% (95% CI: 37.9% to 41.1%) in Central Australia
compared with 24.2% (95% CI: 23.3% to 25.1%) in the
Top End (p<0.001). Characteristics of all people with
diabetes in 2018/2019 are presented in table 1. Among
these, 2115 (60.8%) were women, 669 (19.2%) were
prescribed insulin and 567 (16.3%) had HbAlc 210%
(=286 mmol/mol). In Central Australia, a greater propor-
tion of people had an HbAlc 210% (286 mmol/mol) and
rates of insulin prescribing were higher than in the Top
End (both p<0.001).

Between July 2016 and June 2019, there were 483 new
cases of diabetes. The incidence rate in the total popula-
tion was 7.9 (95% CI: 7.3 to 8.7) per 1000 person-years.
Age-specific incidence rates are presented in figure 4.
Median age at diabetes diagnosis was 38 (IQR 29-49)
years. The peak incidence was among 50-59year-olds
(16.4 (95% CI: 15.9 to 16.9) per 1000 person-years), with
similarly high rates among 30-39 and 40-49year-olds.
Among adults, the incidence rate was 12.6 (95% CI: 11.5
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2.5% annual increase
(95% Cl: 1.9%-3.1%,
p for trend <0.001)
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Figure 2 Trend in crude diabetes prevalence among
Aboriginal people (all ages) in remote Northern Territory
communities over 7 years. Error bars are 95% Cls. Note the
vast majority of prevalent diagnoses were classified as type
2 diabetes (98.6% type 2, 0.17% type 1 and 0.07% other
diabetes in 2018/2019).

to 13.8) per 1000 person-years. Of all people with incident
diabetes, 287 (59.4%) were women, 328 (67.9%) lived in
the Top End and 481 (99.6%) had type 2 diabetes.

70
60

50

B Female

B Male
40

30

20

Diabetes prevalence (%)

10

0-9 1019 20-29 30-39 40-49 50-59 60-69 70+
Age group (years)

Diabetes prevalence (%)
Male 0.05 0.79 3.37 15.6 33.4 499 62.0 404
Female 0.10 205 7.20 24.7 449 608 68.0 50.9

Figure 3 Age and sex-specific diabetes prevalence in
2018/2019 among Aboriginal people in remote Northern
Territory communities. Error bars are 95% Cls.

DISCUSSION

The burden of type 2 diabetes among Aboriginal people
in remote communities of the NT, Australia, is immense
and growing. Despite the relatively young age of this
population, which includes children, we report a current
diabetes prevalence of 17%, of which 99% is classified as
type 2 diabetes. The findings are particularly concerning
when restricted to adults (29% affected). The prevalence
was greatest in Central Australia, where 40% of adults now
have diabetes. Age of onset was relatively young with high
incidence rates observed between 30 and 59 years of age.
Of people with diabetes who had an HbAlc level checked
in 2018,/2019, more than one in five had an HbAlc >10%
(286 mmol/mol). This combination of young age of
onset and severe chronic hyperglycaemia is likely to be
accompanied by a high burden of diabetes complications
and premature mortality.18 ' Of additional concern is the
high proportion of people meeting criteria for diabetes
who were not prescribed glucose-lowering therapy (47%)
despite the mean HbAlc being 7.9% (63 mmol/mol).
This suggests a significant gap between established treat-
ment recommendations and real-world implementation
into practice.

The epidemic of type 2 diabetes among Aboriginal
people in the remote NT has occurred in recent history
and has continued to grow in the last few decades. In
1997, the prevalence of diabetes in Aboriginal adults
from 15 remote communities was estimated at 15%.%
Using similar data sources to our study (also including
children), the prevalence of diabetes in 2005 was esti-
mated at 16% in Central Australia and 7.7% in the Top
End."" We report rates of 23% in Central Australia and
15% in the Top End. Thus, in less than 15 years, there has
been substantial growth in the diabetes burden. The adult
prevalence among Aboriginal people in Central Australia
is among the highest ever reported, being similar to what
was famously reported among the Pima Indian popula-
tion of Arizona in the 1970s (42% among those aged >25
years) and higher than the current top country-wide
prevalence, which is in the Marshall Islands (31% among
those aged >20 years).'®*! These comparisons are made
for illustrative purposes only given the differences in
study methodologies and lack of age standardisation to a
common reference population.

There are limited published data examining temporal
trends in diabetes epidemiology among Aboriginal
people in Australia. An early study conducted in a single
community in Central Australia, showed that the preva-
lence of diabetes increased from 11.6% in 1987 to 20.7%
in 1995.% More recent studies from Western Australia and
the NT have examined diabetes prevalence trends during
pregnancy, showing substantial growth in the number of
Aboriginal women with type 2 diabetes diagnosed prior
to prf:gnancy.23 * In addition, the incidence of diabetes
among Aboriginal and Torres Strait Islander children
(aged under 16 years) in Western Australia increased
considerably between 2000 and 2019.” Our findings
add to this existing literature, showing an 18% increase
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Table 1 Characteristics of Aboriginal people with prevalent diabetes in 2018/2019 in the NT, with comparison by region

Total NT (n=3477) Central Australia (n=1382) Top End (n=2095) P value (CA vs TE)
Age, years 49 (39-58) 48 (37-58) 49 (40-58) 0.003
Female 2115 (61) 834 (60) 1281 (61) 0.637
Diabetes type 0.269
Type 2 3429 (98.6) 1368 (98.9) 2061 (98.4)
Type 1 34 (1.0) 9 (0.7) 25(1.2)
Other 14 (0.4) 5 (0.5) 9 (0.4)
Treatment
No GLT 1627 (47) 542 (39) 1085 (52) <0.001
Non-insulin GLT 1181 (34) 508 (37) 673 (32) 0.005
Combined GLT (with insulin) 610 (18) 307 (22) 303 (15) <0.001
Insulin alone 59 (1.7) 25 (1.8) 34 (1.6) 0.678
Mean HbA1c*
(NGSP %) 7.9 (+0.04) 8.4 (+0.07) 7.7 (+0.05) <0.001
(mmol/mol) 63 (x0.4) 68 (+0.8) 61 (x0.5)
Median HbA1c*
(NGSP %) 7.2 (6.1-9.4) 7.8 (6.3-10.1) 7.0 (6.0-8.9) <0.001
(mmol/mol) 55 (43-79) 62 (45-87) 53 (42-74)
HbA1c category” <0.001
<7.0% 1216 (35) 375 (27) 641 (40)
(<53 mmol/mol)
7.0%-7.9% 415 (12) 159 (12) 256 (12)
(563-63 mmol/mol)
8.0%-9.9% 540 (16) 228 (17) 312 (15)
(64-85 mmol/mol)
>10% 567 (16) 281 (20) 286 (14)
(>86 mmol/mol)
No result 739 (21) 339 (25) 400 (19)

Data are n (%), median (IQR) or mean (+SE).

*The single most recent HbA1c result for each individual within the 2018/2019year was included. Individuals with no HbA1c in that 12-month
period were excluded from calculation of means/medians and reported in the ‘no result’ category.
CA, Central Australia; GLT, glucose lowering therapy; HbA1c, haemoglobin A1c; NT, Northern Territory ; TE, Top End.

in diabetes prevalence over 7years. Numerous factors,
not assessed in our study, may have contributed to the
observed change, such as increasing incidence, improved
survival and greater uptake of screening.

We found that diabetes was more common with
increasing age, except over 70 years, where prevalence
dropped considerably. In Western populations, diabetes
prevalence consistently increases with age.”® However,
studies in the NT Aboriginal population from the 1990s
and early 2000s found that diabetes prevalence peaked
in middle age (45-54 years) and then decreased among
older age-groups.?” This was likely due to a combination
of a ‘healthy survivor’ effect and the timing of lifestyle
changes relating to colonisation. Another contributing
factor could be that, despite the importance of connec-
tion to country, as a last resort, older people with chronic
conditions are more likely to move to urban centres with
better access to services, leaving a relatively healthier older

population in remote communities. Now, two decades
later, the age at which this phenomenon is observed is
proportionately higher. This likely reflects improvements
in life expectancy for people with chronic conditions and
a greater length of time since these communities under-
went rapid social and environmental transitions.

The higher prevalence of diabetes observed among
women compared with men in all age groups is note-
worthy. This difference has been observed in Aborig-
inal Australians previously and also in other Indigenous
populations in North America.® *' ** * It contrasts with
the national Australian population and most populations
internationally, in which the prevalence of known diabetes
is greater among men." '°* The disparity observed among
Aboriginal women in Australia has been shown to relate
to obesity.8 2 However, further research is needed to
understand the mechanisms underlying this disparity in
metabolic health between Aboriginal women and men.
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Figure 4 Age-specific diabetes incidence rates between
2016/2017 and 2018/2019 among Aboriginal people in
remote Northern Territory communities. Error bars are 95%
Cls. Out of 483 incident diabetes diagnoses, 481 (99.6%)
were recorded as type 2 diabetes.

One postulated mechanism is a sex-specific difference in
the impact of maternal glycaemia on the developing fetus
and thus diabetes risk in that next generation. The effect
of fetal hyperinsulinism on both birth weight and post-
natal growth appears to differ between girls and boys.” *!
It has been hypothesised that fetal hyperinsulinism may
lead to a degree of persistent insulin resistance that is
more pronounced in girls.”’ Nevertheless, it is likely that
numerous biological and sociocultural factors are contrib-
uting to the higher prevalence of diabetes among women
than men. Differences in physical activity may be partly
responsible, especially among younger age groups.
Additionally, uptake of screening may contribute to some
of the observed difference, with national data showing
that women are more likely than men to undertake a
routine health check specifically funded for Aboriginal
and Torres Strait Islander people.”® Routine screening
for diabetes during pregnancy and following a pregnancy
complicated by gestational diabetes may also have an
impact.

Few studies have examined diabetes incidence in
Aboriginal communities in Australia. The first available
estimate is from two remote Central Australia commu-
nities, published in 1999. Diabetes incidence among
people aged >15 years was 20.3 per 1000 person-years.”
Our current observed adult incidence rate across remote
NT communities was lower (12.6 per 1000 person-years).
This incidence rate is also lower than that observed in
an Aboriginal cohort in Queensland between 1999 and
2007.* Each of these studies involved geographically and
culturally distinct populations and employed different

methodologies. Furthermore, the estimates are not age
and sex-standardised.

While there may have been some improvement in
diabetes incidence in the last two decades, the observed
rates remain high. Australian data from the National
Diabetes Services Scheme (NDSS) show that the national
type 2 diabetes incidence rate in 2014 was 2.4 per 1000
person-years.” These NDSS data may underestimate the
true incidence due to unregistered cases. Nevertheless,
it has been estimated that 87% of people with diabetes
are NDSS-registered.”® Compared with these data from
the multiethnic national population of Australia, the age-
specific incidence rate in our study cohort was 26-times
greater at 20-29 years, 12-times greater at 30-39 years
and b-times greater at 40-49 years (D] Magliano, personal
communication). Establishing the contemporary diabetes
incidence rate in our study context is important for the
future evaluation of public health strategies aimed at
preventing diabetes.

Our study again confirms the high rates of metabolic
disease that accompany rapid transitions in lifestyle
among previously lean and physically active popula-
tions. Such epidemiological transitions have particularly
impacted Indigenous peoples with similar histories of
European colonisation.”*” The underlying determinants
are not well delineated but are likely multifactorial and
compound each other. A degree of heightened genetic
susceptibility is hypothesised but not well proven.™
Growing evidence suggests epigenetic mechanisms also
have a role, with factors such as intrauterine exposure to
hyperglycaemia or maternal undernutrition impacting
long-term phenotypic expression in the offspring.” Such
alterations in gene expression may also be passed on to
subsequent generations.*’ The NT Aboriginal population
continues to experience elevated rates of low birth weight
and preterm birth.** At the same time, rates of diabetes in
pregnancy and high birth weight are increasing.** These
early-life risk factors may be contributing to the ongoing
diabetes epidemic.

The higher burden of diabetes observed in Central
Australia compared with the Top End is consistent with
previous studies.'’ There are numerous distinct Aborig-
inal people groups across the NT, with great diversity
in culture, environment and socioeconomic factors. An
early study from the 1980s found that Aboriginal people
from desert communities had greater hyperinsulinaemia
than coastal communities.” The authors predicted that
this could indicate a future greater burden of diabetes
in these people groups as the duration of urbanisation
increased."!

Underlying these biological hypotheses, the most
important contributors to this epidemic are likely to be
social and environmental factors. Aboriginal people in
the NT experience socioeconomic disadvantage across
numerous domains, including income, employment,
education and housing.*” These factors explain a large
portion of the inequity in health outcomes relative to
non-Aboriginal people.* These challenges are more

6

Hare MJL, et al. BMJ Open 2022;12:€059716. doi:10.1136/bmjopen-2021-059716

1yBuAdoo Ag pa1oslold "AlsIBAIUN uemoD Yip3 18 220z ‘0z Ae uo jwoo’fwg uadolwg//:dny wol) papeojumoq "2zoz A ST Uo 9T/6G0-T20z-uadolwg/osTT 0T Se paysiignd 1say :uado NG


http://bmjopen.bmj.com/

pronounced in remote areas, where overcrowded, inad-
equate housing and food insecurity are major issues.*’
Healthy food items are expensive in remote stores, with
survey data suggesting more than a third of daily energy
intake is from discretionary food and drinks.*® Previous
evidence suggests that some of the health disparities
between Central Australia and Top End communities
relate to differences in social and environmental factors.'”

Strengths of our study include the use of detailed,
individual-level data and the large sample size. The use
of a client population raises the question of whether
the study cohort represents the true population of these
remote communities. As discussed in the methods, the
client databases of these sole-provider remote health
services include almost all the local Aboriginal popula-
tion. The study is inherently limited by the retrospec-
tive design. Our diabetes estimates are reliant on known
diagnoses and it is likely the population is incompletely
screened, which would contribute to an underestimation
of both prevalence and incidence. There may also be
some bias regarding the demographics of people who are
more likely to participate in screening. Significant hetero-
geneity exists between Aboriginal communities across
the NT. The inclusion of data in our study from most,
but not all, remote communities in the region could
have introduced some bias and limit the generalisability.
Furthermore, our findings may not be generalisable to
Aboriginal peoples living in urban centres due to the
unique environments and population characteristics of
remote Aboriginal communities. Unfortunately, we were
unable to assess time trends in diabetes incidence due to
limited numbers and the potential unreliability of differ-
entiating incident and prevalent cases in the early years of
the PCIS electronic medical record system.

CONCLUSION

The burden of type 2 diabetes among Aboriginal people
in remote communities of the NT is among the highest
reported of any population globally despite the popu-
lation being relatively young. Many factors associated
with increasing prevalence of diabetes are beyond indi-
vidual control, and thus strengthened systems of care
and public health prevention strategies, developed and
implemented in partnership with Aboriginal commu-
nities, are needed. These strategies should be holistic,
considering emotional, spiritual and mental well-being,
as well as physical health. The enormity of the diabetes
burden necessitates population-wide prevention strate-
gies, including cross-sectoral collaboration to address the
social determinants of health.
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