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Abstract
Introduction: Type 2 diabetes is more prevalent among Aboriginal and Torres 
Strait Islander Peoples, especially those living in rural than urban areas. However, 
little is known about how diabetes is managed in different settings.
Objective: To investigate differences in the prevalence of diabetes and the pre-
scription of antidiabetic medications for Aboriginal and/or Torres Strait Islander 
Peoples living in urban or rural Australia.
Design: Cross-sectional study using de-identified electronic medical records of 
29,429 Aboriginal and/or Torres Strait Islander adults (60.4% females; mean age 
45.2 ± 17.3 years) regularly attending 528 ‘mainstream’ Australian general prac-
tices (MedicineInsight) in 2018.
Findings: The prevalence of diabetes was 16.0%, and it was more frequent among 
those living in rural areas (22.0; 95% CI 19.3–24.4) than inner regional (17.6%; 
95% CI 16.0–19.2) or major cities (15.8%; 95% CI 14.7–17.0; p < 0.001). The highest 
prevalence of diabetes was for males living in rural settings (25.0%). Of those with 
diabetes, 71.6% (95% CI 69.0–74.0) were prescribed antidiabetics, with a similar 
frequency in urban and rural areas (p = 0.291). After adjustment for sociodemo-
graphics, the only difference in diabetes management was a higher prescription 
of sulfonylureas in rural areas than in major cities (OR 1.39; 1.07–1.80).
Discussion: The prevalence of diabetes was similar to other national data, al-
though we found it was more frequent amongst Aboriginal and/or Torres Strait 
Islander males, especially those from rural areas.
Conclusion: Despite current recommendations, one-in-four Indigenous 
Australians with diabetes were not prescribed antidiabetics. The clinical signifi-
cance of more frequent prescriptions of sulfonylureas in rural locations remains 
unclear.
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1   |   INTRODUCTION

The ongoing effects of colonisation through loss of self-
determination, culture and traditional practices of Abo-
riginal and/or Torres Strait Islander Peoples followed by 
the introduction of a sedentary Western lifestyle and poor 
nutritional food options are major contributors to the cur-
rent high rates of diabetes within Aboriginal and/or Tor-
res Strait Islander Peoples.1 This was further compounded 
by social determinants of health – poor economic oppor-
tunity, poor access to health care, poor education, racism 
and loss of cultural connection.1,2 These and other health 
disparities and poor health outcomes within Aboriginal 
and/or Torres Strait Islander Peoples are complex and 
multifactorial.1,3

There is substantial evidence that type 2 diabetes has 
a high disease burden amongst Aboriginal and/or Tor-
res Strait Islander Peoples in Australia than among non-
Indigenous People. Current estimates of diabetes in 
Aboriginal and/or Torres Strait Islander Peoples range 
between 7.9% and 10.9%, while the prevalence of diabetes 
in the Australian total population is only 4.9%.2,4,5 More-
over, type 2 diabetes (T2DM) is responsible for 7.3% of all 
deaths among Aboriginal and/or Torres Strait Islander 
Peoples, and the third leading cause of the gap in death 
rates between Indigenous and non-Indigenous Australians 
(17% of the total gap in death rates) after cardiovascular 
diseases and cancer.2 Despite the national efforts with the 
Closing The Gap campaign, there is little improvement in 
health outcomes or reduction in the burden of diabetes 
among Aboriginal and/or Torres Strait Islander Peoples.2 
Regarding diabetes pharmacological management, there 
have been many antidiabetic medications made available 
to Australians on the Pharmaceutical Benefits Scheme 
(PBS) and Repatriation Pharmaceutical Benefits Scheme 
(RPBS). In 2020–21, 5.3% of total PBS and RPBS prescrip-
tions were for antidiabetic medications, and approximately 
33% of these were for metformin alone.5 Metformin was 
the seventh highest dispensed medication, and the total 
cost (including out-of-pocket and government-subsidised 
prescriptions) was over $50 million.5 Moreover, estimates 
from 2020 showed that 16 000 Australians commenced 
insulin for type 2 diabetes across all age groups (children 
from age 10 years and above).6 However, the number of 
Aboriginal and/or Torres Strait Islander Peoples on insulin 
is difficult to determine and likely underestimated due to 
difficulty with reporting.4

As found in the last Bettering the Evaluation and Care 
of Health (BEACH) report from 2015 to 16, T2DM is com-
monly managed in general practice settings, with 4 in every 
100 encounters diabetes-related and ~70% of medication 
management decisions for diabetes being made by general 
practitioners (GPs) alone without specialist input.7

The Diabetes Australia guidelines recommend that 
managing type 2 diabetes should begin with lifestyle 
changes, followed by pharmaceutical management if no 
improvement is achieved after 3 months.8 However, that 
recommendation is generic, and there are no specific 
suggestions for Aboriginal and/or Torres Strait Islander 
Peoples. The Central Australian Rural Practitioners As-
sociation (CARPA) manual recommends that lifestyle 
measures are important across all treatment steps, but 
suggests that Aboriginal and/or Torres Strait Islander 
Peoples should be commenced on metformin or other 
antidiabetic medications on the date of diagnosis of 
type 2 diabetes.9 As per both the Diabetes Australia and 
CARPA clinical guidelines, medication choice usually 
begins with metformin. If the HbA1c or blood glucose 

What this paper adds
•	 Aboriginal and/or Torres Strait Islander adult 

males living in rural or remote Australia have a 
higher prevalence of type 2 diabetes than previ-
ously described.

•	 Prescribing patterns are similar across all re-
gions, with approximately 75% prescribed anti-
diabetic medications.

•	 Those living in rural and remote locations are 
more likely to be prescribed a combination of 
metformin with sulfonylureas.

What is already known on this subject
•	 The prevalence of type 2 diabetes is dispro-

portionately higher in Aboriginal and Torres 
Strait Islander Peoples than non-Indigenous 
Australians.

•	 The number of Aboriginal and/or Torres Strait 
Islander Peoples on specific antidiabetic medica-
tions has been difficult to determine and likely 
underestimated due to difficulty with reporting.
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levels are not controlled within 3–6 months, other anti-
diabetic medications should be added in progressively, 
starting with a sulfonylurea, followed by a glucagon-
like peptide 1 agonist (GLP-1 RA), sodium-glucose co-
transporters (SGLT) inhibitors, or Dipeptidyl-peptidase 4 
(DPP4) inhibitors, and then escalating to insulin.8 Insu-
lin is sometimes considered earlier if there is significant 
hyperglycaemia or ketoacidosis, in which case more ur-
gent management of glycaemia is needed.8

The current literature on the prescription of antidi-
abetic medication examines the entire Australian pop-
ulation and does not focus on Aboriginal and/or Torres 
Strait Islander Peoples specifically. Given type 2 diabetes 
is more prevalent in rural and remote areas,4 there may 
be differences in prescribed medications due to access to 
care or availability in these areas. It is well known that 
earlier diagnosis and prompt diabetes management allow 
prevention and delay the progression of diabetes-related 
microvascular and macrovascular complications,10 which 
are common within Aboriginal and/or Torres Strait Is-
lander populations.2 Drawing from their health pro-
fessional expertise and personal experiences, the two 
Aboriginal authors and an Indigenous advisory group 
strongly believe that this study significantly contributes to 
the existing evidence on diabetes pharmaceutical manage-
ment in Aboriginal and/or Torres Strait Islander Peoples. 
The topic resonates deeply with the advisory group's com-
munity members, as they themselves utilise mainstream 
services, and so do their families and extended commu-
nity. Moreover, they perceived this issue holds particular 
significance in both rural and remote areas when com-
pared to urban regions, as limited access to healthcare and 
medications significantly contributes to poor health out-
comes.1–3,10 Therefore, the aim of this study was to evalu-
ate differences in the prevalence of type 2 diabetes among 
Aboriginal and/or Torres Strait Islander Peoples living in 
urban or rural Australia, as well as differences in the pre-
scription of specific antidiabetic medications and the most 
frequent antidiabetic groups prescribed in combinations 
with metformin or insulin.

2   |   METHODS

2.1  |  Community engagement and ethics

Dr Natalie Pink, a Nyikina Aboriginal person based in 
Tarndanya (Adelaide) on Kaurna country, led the study 
team. Dr Pink also acted as an Aboriginal Engagement 
Coordinator to ensure the ‘spirit and integrity’ of the in-
formal advisory group were at the forefront of all commu-
nity and stakeholder engagement activities relating to this 
study. Community engagement with local Kaurna elders, 

members of the GPEx Aboriginal Health Team and Indig-
enous medical colleagues from across Australia occurred 
prior to the design and commencement of the study. Mem-
bers of the community formed an informal Indigenous 
advisory group who contributed their insights across all 
stages of the study. At the beginning of the project, the 
advisory group was consulted on the scope of the project, 
and the content to be investigated. The group preferred not 
to compare Indigenous to non-Indigenous people as they 
felt there was too much literature describing poor health 
statistics in comparison to the non-Indigenous popula-
tion. The group specifically preferred a descriptive study 
of mainstream GP prescription in diabetes management 
in Aboriginal and/or Torres Strait Islander Peoples' alone. 
Moreover, they felt the project was a good opportunity for 
training Aboriginal Health Professionals in quantitative 
research methods, and were keen to have research at a na-
tional level focusing on mainstream GP clinics, rather than 
Aboriginal Medical Services, as many of the group had 
family and community members attending these clinics for 
their medical care. Comparing urban and rural locations 
was also discussed due to the requirements of the fund-
ing of this project to highlight any differences based on re-
moteness. The advisory group accepted this as part of the 
project scope. The results were discussed with the group in 
language that could be clearly understood and there was 
agreement about the direction of the discussion. We then 
submitted the proposal to the Aboriginal Health Research 
Ethics Committee from the Aboriginal Health Council of 
South Australia, who granted approval (AHREC Protocol 
#: 04-21-967) to use de-identified data from participating 
NPS MedicineInsight general practice clinics across Aus-
tralia. The research was carried out in accordance with the 
National Health and Medical Research Council (NHMRC) 
National Statement on Ethical Conduct in Human Re-
search 2007 updated 2018, and is pursuant with the low-
risk requirements. The independent MedicineInsight Data 
Governance Committee approved the study (protocol 
2016-007).

2.2  |  Data source

This cross-sectional study used data from MedicineInsight, 
a large general practice database containing de-identified 
electronic medical records (EMRs) of patients attending 
approximately 2700 GPs and 622 general practices across 
Australia (8.2% of all practices in the country) varying 
in size, billing methods, and type of services. Routinely 
collected data available in MedicineInsight includes so-
ciodemographic information (e.g. gender, year of birth, 
‘Indigenous status’), clinical data (i.e. diagnoses, reasons 
for consultation, reasons for prescriptions, smoking status) 

 14401584, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ajr.13032 by E

dith C
ow

an U
niversity, W

iley O
nline L

ibrary on [06/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



982  |      PINK et al.

and prescribed medications. In 2018, 2.6% of the over two 
million patients in MedicineInsight were Aboriginal and/
or Torres Strait Islander Peoples. Details of the data col-
lection process and characteristics of MedicineInsight have 
been published elsewhere.11

This study was reported according to recommenda-
tions from the Reporting of studies Conducted using Ob-
servational Routinely-collected health Data (RECORD) 
Statement.12 Only practices that provided regular data 
(no intervals of more than 6 weeks for data provision in 
the past 2 years) and were established at least 2 years be-
fore the end of the analysis period (2018) were selected. 
Administrative contacts (e.g. phone calls, emails, letters) 
or duplicated records for the same patient and date were 
excluded.

2.3  |  Study sample

The sample included all Aboriginal and/or Torres Strait 
Islander adults (18+ years) considered ‘regular’ patients 
[at least three consultations in the last 2 years (i.e. fre-
quent or ‘active’ patients as defined by Royal Australian 
College of General Practitioners)13 AND at least one con-
sultation in 2017 and 2018], with a diagnosis of diabetes 
mellitus and attending a MedicineInsight general practice 
between January and December 2018. These inclusion 
criteria aimed to improve diagnosis accuracy, consider-
ing the diagnosis of chronic conditions based on EHRs re-
quires data from multiple medical encounters to minimise 
misclassification.12,14,15

Different datasets of the MedicineInsight database (i.e. 
‘diagnosis’, ‘reason for encounter’, ‘reason for prescrip-
tion’) were searched to identify patients with a recorded 
diagnosis of ‘diabetes mellitus’ (either type 1 or type 2), 
using standard clinical terminology, abbreviations, and 
misspellings of these words. Patients were considered 
as having diabetes mellitus when that diagnosis was re-
corded at least twice (either as a ‘diagnosis’, ‘reason for 
encounter’, and/or ‘reason for prescription’) on different 
dates between 2011 (the year that MedicineInsight started 
data extraction) and December 2018. Of the patients in-
cluded in the study, 55% had data available since 2011 and 
88% since 2016. Algorithms used to identify patients with 
diabetes in MedicineInsight have a sensitivity of 89% and 
specificity of 100% compared to the recorded diagnosis in 
the original practice records.16

2.4  |  Outcome

All prescriptions of antidiabetic medications available in 
Australia8,17 and provided to these patients in 2018 were 

extracted from the script dataset based on the active com-
ponents and Anatomical Therapeutic Chemical Classifica-
tion (ATC). These medications included insulin [ATC code 
A10A] and oral antidiabetic medications [ATC code A10B: 
metformin, sulfonylureas (glibenclamide, gliclazide, glime-
piride, glipizide), Dipeptidyl-peptidase 4 (DPP4) inhibitors 
(alogliptin, linagliptin, saxagliptin, sitagliptin, vildaglip-
tin), sodium-glucose co-transporters (SGLT) inhibitors 
(ertugliflozin, empagliflozin, dapagliflozin, canagliflozin), 
glucagon-like peptide 1 (GLP-1) agonists (exenatide, du-
laglutide, liraglutide), thiazolidinediones (pioglitazone, 
rosiglitazone), acarbose].

The first investigated outcome was the proportion of 
Aboriginal and/or Torres Strait Islanders Peoples with 
diabetes diagnosis who were prescribed ‘any’ of these 
antidiabetic medications in 2018 (binary outcome). We 
then explored the specific group of antidiabetic medica-
tion that was prescribed. Considering metformin is the 
first line and most frequent medication prescribed for 
diabetes management in Australia,8,17 we also explored 
the proportion of those managed with metformin who 
received other antidiabetic medication and the most fre-
quent combinations (i.e. insulin, sulfonylureas, DPP-4 
inhibitors, SGLT2 inhibitors, GLP-1 agonists). Combi-
nations with thiazolidinediones, acarbose or with indi-
vidual medications were not considered due to the small 
number of participants who were prescribed these com-
binations. The same approach was used to investigate 
the most frequent combinations among patients who re-
ceived insulin prescriptions in 2018.

2.5  |  Remoteness of residence

The Australian Statistical Geography Standard (ASGS) re-
moteness structure (i.e. major cities, inner regional, outer 
regional, remote, very remote) is a framework of statisti-
cal areas used by the Australian Bureau of Statistics (ABS) 
based on the town size (2016 census data) and distance/
access to services (Accessibility and Remoteness Index of 
Australia).18 The ASGS remoteness of residence was gen-
erated by MedicineInsight based on postcodes and then 
reclassified for analysis as (1) major cities, (2) inner re-
gional, or (3) rural (i.e. outer regional, remote or very re-
mote Australia).

2.6  |  Covariates

Covariates obtained from MedicineInsight included 
gender (male, female), age (categorised as 18–34, 35–49, 
50–64, 65–74, 75+ years), the Index of Relative Socioeco-
nomic Advantage and Disadvantage (IRSAD), smoking 
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status (non-smoker, ex-smoker, current smoker) and 
relevant diabetes comorbidities (i.e. hypertension, 
chronic kidney disease, ischaemic heart disease, heart 
failure, and stroke). IRSAD is an area-level measure of 
socioeconomic advantage and disadvantage developed 
by the ABS using census data (e.g. education, employ-
ment/income, housing in 2016) and then ranked from 
most-disadvantaged (lowest rank) to most-advantaged 
areas (highest rank)19 Patient and practice IRSAD in 
quintiles were generated by MedicineInsight based on 
postcodes, and regrouped for analysis as low (two low-
est quintiles), middle or high (two highest quintiles) 
IRSAD. Data about relevant diabetes comorbidities 
were extracted from the three diagnosis fields using pre-
recorded terms, synonyms, and misspellings related to 
these diagnoses.11,20,21

2.7  |  Statistical analysis

All analyses were conducted in Stata MP 16.1 (StataCorp, 
Texas, USA). Differences in the distribution of socio-
demographic or clinical characteristics according to the re-
moteness of residence were assessed using the Chi-square 
test. Results for gender differences in the prevalence of 
diabetes diagnosis or the prevalence of antidiabetic pre-
scriptions according to the remoteness of residence were 
presented graphically with the corresponding 95% confi-
dence intervals (95% CI).

Logistic regression models were used to test the as-
sociation between the remoteness of residence and the 
prescription of antidiabetic medications in 2018. Results 
were presented as crude odds ratios (OR) and adjusted 
odds ratios (ORadj), using major cities as the reference 
category. For adjusted analyses, all results were ad-
justed for gender, age, and patient and practice IRSAD 

considering that these variables could be confounders 
in the relationship between the remoteness of residence 
and the prescription of antidiabetic medications. Fol-
lowing recommendations of the American Statistical 
Association, ORadj are reported with their correspond-
ing 95% CI and p-values for correct interpretation of the 
statistical results.22 All analyses were conducted con-
sidering the practice as a cluster, using robust standard 
errors and conditioned to the number of consultations. 
Therefore, the p-values were obtained using Wald tests 
for heterogeneity. Individuals with missing data on the 
outcome, exposure or confounders were excluded from 
analyses as they represented only 0.1 of the sample and 
were unlikely to affect the results to consider alternative 
approaches (e.g. multiple imputation).

3   |   RESULTS

In 2018, the MedicineInsight database included 29 429 
Aboriginal and/or Torres Strait Islander adults regularly 
attending 528 general practices [median number of in-
dividuals per practice = 29 (interquartile range 10–68); 
60.4% females; mean age 45.2 ± 17.3 years). Of these, 4723 
individuals (16.0%) had a recorded diagnosis of diabetes 
mellitus (55.2% females; mean age 57.7 ± 14.4 years). The 
prevalence of diabetes mellitus was lower among Abo-
riginal and/or Torres Strait Islander adults living in major 
cities (15.8%; 95% CI 14.7–17.0) than those from inner re-
gional (17.6%; 95% CI 16.0–19.2) or rural areas (22.0; 95% 
CI 19.3–24.4; p < 0.001). Irrespective of the remoteness of 
residence, the prevalence of diabetes was higher in males 
than in females (Figure 1).

Table 1 presents the distribution of sociodemographic 
and clinical characteristics of Aboriginal and/or Tor-
res Strait Islander adults with diabetes according to the 

F I G U R E  1   Prevalence of diabetes 
mellitus among Aboriginal and Torres 
Strait Islander People aged 18+ years 
according to the remoteness of residence* 
and sex. Vertical lines represent the 95% CI.
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remoteness of residence. Individuals with diabetes living 
in rural areas were more likely to live or attend practices 
in more disadvantaged areas than those from major cities 
or inner regional Australia. Those from rural areas also 
had a slightly higher frequency of chronic kidney disease 
(10.2%) than those from major cities (7.1%). No differences 
were observed according to gender, age or clinical charac-
teristics (smoking, hypertension, ischaemic heart disease, 
heart failure or stroke; p-value >0.1 for all these compar-
isons). The relationship between these variables and the 
prescription of any antidiabetic medication is presented 
in Table S1.

Overall, 71.6% (95% CI 69.0–74.0) of those with diabetes 
were prescribed antidiabetic medications in 2018. Table 2 
shows that there were no differences in that prevalence 
between major cities, inner regional or rural Australia, 
even when the results were stratified by gender (Figure 2; 
p-value >0.1 for all comparisons). Table 2 also shows that 
insulin was less frequently prescribed in rural areas (17.9%) 
compared to those living in major cities or inner regional 
(~21%). In contrast, a higher frequency of sulfonylurea 
prescriptions occurred in rural compared to other settings 
(20.1% vs. ~15%). After adjustment for sociodemographic 
characteristics, the only persisting difference was the higher 

Major cities 
n = 1573%

Inner 
regional 
n = 1300%

Rural 
n = 1850% p-valueb

Practice IRSAD

Low 18.3 37.7 49.4 0.001

Middle 58.0 58.3 37.0

High 23.7 4.0 13.6

Gender

Male 45.4 43.6 44.3 0.654

Female 54.6 56.4 55.7

Age group (years)

18–34 7.8 5.3 5.8 0.124

35–49 21.4 22.9 21.1

50–64 39.4 36.1 40.9

65–74 19.4 22.6 21.2

75+ 11.9 13.1 11.1

Participant IRSAD

Low 21.6 44.1 52.9 <0.001

Middle 52.9 53.2 37.6

High 25.6 2.8 9.5

Smoking

Non-smoker 38.0 36.6 38.3 0.892

Ex-smoker 34.1 34.3 32.9

Current smoker 27.9 29.1 28.8

Comorbidities (% yes)

Hypertension 54.5 55.1 57.0 0.563

Chronic kidney 
disease

7.1 8.6 10.2 0.037c

Ischaemic heart 
disease

18.9 15.9 19.0 0.134

Heart failure 6.4 7.7 6.8 0.525

Stroke 6.1 6.5 7.1 0.595
aRemoteness of residence using the Australian Statistical Geography Standard classification based on the 
postcode of residence. Outer regional, remote and very remote are classified as rural areas.
bChi-squared test of heterogeneity.
cChi-squared test for trend.

T A B L E  1   Distribution 
sociodemographic and clinical 
characteristics among Aboriginal and 
Torres Strait Islander People with diabetes 
mellitus according to the remoteness of 
residencea. MedicineInsight, 2018.
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frequency of sulfonylurea prescriptions in rural areas com-
pared to other regions [ORadj 1.39 (1.07–1.80)].

Of those prescribed metformin (n = 2776), 65.6% (95% 
CI 63.8–67.3) received another antidiabetic medication in 
2018. That frequency was lower than the co-prescription 
of insulin with other antidiabetics (n = 896; 76.5% (95% CI 

73.7–79.1, data not shown in tables). Figure 3a shows that 
the co-prescription of metformin with other antidiabetics 
was similar in all regions. Still, the co-prescription of insulin 
with other antidiabetics was higher in rural (80.6%) than in 
inner regional (75.0%) or major cities (73.7%; p-value 0.043). 
The only group of antidiabetic medications more frequently 

T A B L E  2   Prescription of antidiabetic medications among Aboriginal and/or Torres Strait Islander People with diabetes mellitus 
according to the remoteness of residencea. MedicineInsight, 2018.

Major cities n = 1573
Inner regional 
n = 1300 Rural n = 1850 p-valueh

Any antidiabetic prescribed in 2018b 
– % Yes

72.5 73.6 69.4

OR (95% CI) 1.00 1.06 (0.84–1.33) 0.86 (0.65–1.15) 0.395

ORadj (95% CI)i 1.00 1.00 (0.79–1.27) 0.84 (0.63–1.11) 0.386

Type of antidiabetic prescribed

Metformin – % Yes 60.5 62.5 60.4

OR (95% CI) 1.00 1.09 (0.89–1.32) 1.00 (0.78–1.27) 0.673

ORadj (95% CI)i 1.00 1.04 (0.85–1.27) 0.97 (0.76–1.23) 0.812

Insulin – % Yes 21.4 21.7 17.9

OR (95% CI) 1.00 1.01 (0.83–1.24) 0.80 (0.65–0.98) 0.036

ORadj (95% CI)i 1.00 1.00 (0.81–1.24) 0.82 (0.66–1.02) 0.089

Sulfonylureasc – % Yes 15.1 15.3 20.1

OR (95% CI) 1.00 1.02 (0.77–1.34) 1.41 (1.09–1.83) 0.012

ORadj (95% CI)i 1.00 0.99 (0.75–1.32) 1.39 (1.07–1.80) 0.009

DPP-4 inhibitorsd – % Yes 22.9 23.9 23.2

OR (95% CI) 1.00 1.05 (0.83–1.33) 1.02 (0.79–1.30) 0.903

ORadj (95% CI)i 1.00 1.09 (0.86–1.39) 1.09 (0.85–1.40) 0.719

SGLT2 inhibitorse – % Yes 17.7 15.5 15.2

OR (95% CI) 1.00 0.86 (0.59–1.25) 0.84 (0.58–1.20) 0.599

ORadj (95% CI)i 1.00 0.75 (0.52–1.10) 0.75 (0.53–1.05) 0.209

GLP-1 agonistsf – % Yes 6.3 7.9 5.8

OR (95% CI) 1.00 1.27 (0.90–1.78) 0.91 (0.65–1.28) 0.157

ORadj (95% CI)i 1.00 1.26 (0.89–1.78) 0.92 (0.65–1.30) 0.180

Thiazolidinedionesg – % Yes 0.3 0.3 0.3

OR (95% CI)j 1.00 1.17 (0.27–5.04) 1.09 (0.30–4.010 0.977

Acarbose – % Yes 0.2 0.2 0.3

OR (95% CI)j 1.00 1.12 (0.19–6.72) 1.39 (0.30–6.37) 0.912
aRemoteness of residence using the Australian Statistical Geography Standard classification based on the postcode of residence. Outer regional, remote and 
very remote are classified as rural areas.
bAny prescription provided in 2018, including metformin, sulfonylureas, DPP-4 inhibitor, SGLT2 inhibitors, GLP-1 agonists, acarbose, thiazolidinediones and/
or insulin.
cSulfonylureas: glibenclamide, gliclazide, glimepiride, glipizide.
dDPP4 inhibitors: alogliptin, linagliptin, saxagliptin, sitagliptin, vildagliptin.
eSGLT2 inhibitors: ertugliflozin, empagliflozin, dapagliflozin, canagliflozin.
fGLP-1 agonists: exenatide, dulaglutide, liraglutide.
gThiazolidinediones: pioglitazone, rosiglitazone.
hTest for heterogeneity.
iAdjusted odds ratios (ORadj) based on logistic regression models adjusted for age, gender, patient and practice IRSAD.
jThe frequency of thiazolidinediones and/or acarbose were too small to allow adjusted regression analysis.
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co-prescribed with either metformin or insulin in rural areas 
than in other settings was sulfonylureas (Figure  3b). The 
combination of insulin with DPP-4 inhibitors was also more 
frequent in rural or inner regional areas than in major cities.

4   |   DISCUSSION

The MedicineInsight database provided national data to 
evaluate differences in the prevalence of diabetes and pre-
scribing practices in ‘mainstream’ general practice clinics 
for Aboriginal and/or Torres Strait Islander Peoples with di-
abetes living in urban or rural Australia. First, we found that 
the prevalence of diabetes was higher amongst Aboriginal 
and Torres Strait Islander males than Aboriginal and Tor-
res Strait Islander females, irrespective of the remoteness of 
residence. Second, the prevalence of diabetes was higher in 
male Aboriginal and/or Torres Strait Islander Peoples from 
rural and remote areas than in urban areas. Third, three out 
of four Aboriginal and Torres Strait Islander Peoples with 
diabetes were prescribed antidiabetic medication, and there 
were only small differences in prescribing practices across 
urban, inner regional and rural/remote areas of Australia.

Consistent with our findings, the National Aboriginal 
and Torres Strait Islander Health Survey 2018–19 found 
that the prevalence of type 2 diabetes in Aboriginal and/or 
Torres Strait Islander adults was 17%, and it was higher in 
rural regions than in urban settings, irrespective of age or 
gender.3 Moreover, a systematic review published in 2011 
reported that the prevalence of diabetes among Indigenous 
Australians ranged between 3.5% and 33.1%, with a higher 
frequency in remote compared to urban settings. The 
higher prevalence of diabetes in rural areas can be partially 
explained by socioeconomic differences across regions. Ac-
cording to the Australian Institute of Health and Welfare, 
individuals living in areas of most disadvantage were more 

likely to have diabetes (Indigenous and non-Indigenous, 
6.3%) than those living in the least disadvantaged areas 
(4.0%).4 In our study, Aboriginal and/or Torres Strait Is-
lander Peoples with type 2 diabetes living in rural or remote 
locations were more likely to reside in a low socioeconomic 
area than those from major cities or inner regional areas. 
This finding could be because people in disadvantaged 
areas are overrepresented in more rural and remote loca-
tions, considering that for Indigenous Australians there is a 
clear gradient of disadvantage by remoteness.23

However, different from our study, the National Aborigi-
nal and Torres Strait Islander Health Survey showed female 
Aboriginal and/or Torres Strait Islander adults reported hav-
ing type 2 diabetes more frequently than males.3 A systematic 
review using data from studies conducted between 1983 and 
2005 found that, out of 11 studies (five based on self-reported 
data), all but two studies reported a higher prevalence of 
diabetes among Aboriginal and/or Torres Strait Islander 
women than men.24 The discrepancy between our findings 
and those from the survey may reflect methodological dif-
ferences. Health surveys use population-based samples and 
self-reported data, which is susceptible to information bias 
(i.e. male Aboriginal and/or Torres Strait Islander adults may 
underreport the condition). Previous studies have shown di-
abetes screening is lower among Aboriginal and/or Torres 
Strait Islander males,21,25 and many sociocultural factors 
make them less likely to use preventive health care services 
compared to females, which may delay diagnosis.26 In con-
trast, we used de-identified medical records of patients at-
tending general practice with information recorded by the 
GP, and males in our study possibly represent those with a 
more advanced stage of the disease. Gender disparities in 
health-seeking behaviour also seem to affect diabetes man-
agement, as males with diabetes are 1.3 times more likely 
to present to emergency services and 1.4 more likely to be 
hospitalised than women.4 Therefore, discrepancies across 

F I G U R E  2   Proportion of Aboriginal 
and Torres Strait Islander People with 
diabetes mellitus who were prescribed 
an antidiabetic medication in 2018, 
stratified according to the remoteness of 
residence* and sex. Antidiabetics include 
metformin, insulin sulfonylurea, DPP-4 
inhibitor, SGLT2 inhibitors, GLP-1 RA, 
thiazolidinediones and/or acarbose. 
Vertical lines represent the 95% CI.
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F I G U R E  3   Prescription of other antidiabetic groups together with Metformin or Insulin among Aboriginal and Torres Strait Islander 
People with diabetes mellitus according to the remoteness of residence. MedicineInsight, 2018. Thiazolidinediones and/or acarbose were not 
included due to their low frequency of prescription (<0.3%).
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studies regarding gender differences may result from the 
study design, data source, methods used to define diabetes, 
and the stage of the disease.3,24,27

Close to 75% of all Aboriginal and/or Torres Strait Islander 
Peoples with type 2 diabetes were prescribed antidiabetic 
medications in 2018, and the combination of metformin 
with sulfonylureas was more frequently prescribed in rural 
and remote locations compared to urban regions. It is not 
surprising that metformin was the most commonly pre-
scribed medication because, as detailed previously, clini-
cal guidelines recommend lifestyle measures followed by 
metformin as first-line management8 and known PBS and 
RPBS supply was most often metformin.5 Unfortunately, no 
publicly available information compares the combination 
with sulfonylurea. However, PBS and RPBS medications 
for 2021 were prescribed more frequently in the following 
order: metformin, combination with metformin and thirdly 
sulfonylurea.5 These results were adjusted for patient char-
acteristics and practice IRSAD. Thus, other determinants 
not explored in this paper may be responsible for the higher 
frequency of sulfonylurea prescriptions in rural areas. None-
theless, the clinical significance of this finding is question-
able. Importantly, Aboriginal and/or Torres Strait Islander 
adults with type 2 diabetes living in rural areas are not disad-
vantaged by this finding, as irrespective of where they live, 
three out of four were prescribed some form of antidiabetic 
medication. However, a further study is needed to explore 
appropriate management/control because prescribed med-
ications may not translate to dispensed and used. Barriers 
related to medication costs are likely to be higher in socio-
economically disadvantaged patients.

Lastly, the pharmaceutical management of type 2 dia-
betes was similar across all regions. Interestingly, insulin 
prescribing was slightly less in rural and remote locations 
compared to urban regions. This may be due to access con-
straints for those living in rural or remote areas. Examples 
include having access to appropriate storage (a fridge is 
needed for insulin storage), GP's may not feel comfortable 
initiating or continuing insulin, or there may be a higher 
stigma within the rural or remote communities associated 
with injecting insulin.28,29 When we assessed the available 
confounders, the factor that most affected the changes be-
tween crude and adjusted results was practice IRSAD. The 
magnitude of the associations dissipated after the inclusion 
of that variable in the regression models, but not when age, 
gender or the patient IRSAD were included. That meant 
differences in the prescription of insulin are not related 
to remoteness, but to whether the practice is located in a 
more advantaged or disadvantaged area. Our findings were 
consistent with other national data from the AIHW that 
reported insulin use for people living with type 2 diabetes 
was higher in urban locations compared to very remote 
areas, and insulin prescriptions were also more common in 

higher socioeconomic areas.5 This finding can impact the 
choice of medication prescribed to Aboriginal and/or Tor-
res Strait Islander Peoples who are often over-represented 
in poor socioeconomic circumstances.10,30

The strengths of the study include using the MedicineIn-
sight database, a large national general practice database 
collecting de-identified information about those presenting 
to mainstream GP clinics throughout Australia. It has been 
used for analysis in previous studies, and given that it col-
lects data from most geographic regions across Australia, 
it provides interesting national insights into primary care. 
This database allows the utilisation of ‘real world’ health 
and medical data from approximately 600 Australian gen-
eral practices, including high-quality prescribing data for 
antidiabetic medications in Australia during 2018.

However, there are some important limitations to ac-
knowledge. Firstly, our results reflect pharmaceutical man-
agement activities performed in general practice rather than 
in Aboriginal Community Controlled Health Organisations 
(ACCHOs). Although some ACCHOs are part of the data-
base (i.e. services are not identified for ethical reasons), their 
involvement is hindered by the data extraction software 
used by MedicineInsight, as it is not integrated with the 
main clinical information system used by most ACCHOs 
(Communicare®).11 Moreover, different from major cities, 
where 75% of Indigenous people have general practice as the 
regular health service and only 15% regularly use ACCHOs, 
this relationship is inverted in rural settings (6%–41% are 
regular users of general practice and 50%–75% regular users 
of ACCHOs).31 Despite these methodological limitations, 
the number of Aboriginal and/or Torres Strait Islander 
people identified in the dataset was 2.6%, which is close to 
estimations from census data (3.2%).32 Second, compliance 
with current clinical guidelines for type 2 diabetes may be 
higher as GPs contributing data are participating in a vol-
untary quality improvement program. Thirdly, data entered 
into the MedicineInsight database relies on the electronic 
medical record being kept up to date and the extractable 
fields containing the data needed for extraction.33 The Medi-
cineInsight dataset consists of unique patient records rather 
than individuals, and as a result, it is possible that patients 
attending multiple practices may have been counted more 
than once. Linkage of this dataset to pharmacy dispensing 
data or the PBS and RPBS datasets was not possible for this 
study. This could have provided more accurate prescribing 
data, particularly for patients prescribed medications from 
multiple practices or ACCHOs.

5   |   CONCLUSION

Type 2 diabetes represents a high burden of morbidity 
amongst Aboriginal and Torres Strait Islander Peoples 
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which needs to be addressed to help close the gap. The re-
sults of this study are consistent with currently available 
self-reported national data on the prevalence of diabetes 
among Aboriginal and/or Torres Strait Islander adults 
and provide further information about prescribing be-
haviours of GP's treating those with type 2 diabetes. The 
prevalence of type 2 diabetes in male Aboriginal and Tor-
res Strait Islander adults with type 2 diabetes is higher in 
rural and remote locations than in urban. Pharmaceuti-
cal treatment is being prescribed to ~75% of Aboriginal 
and Torres Strait Islander adults with type 2 diabetes, ir-
respective of whether they live in urban or rural settings, 
although the types of medication regimes vary based on 
remoteness. Although this study provided insights into 
general practice antidiabetic prescribing patterns across 
geographical regions and suggest there are no geographi-
cal gaps, it does not inform on relevant aspects of diabe-
tes management such as education adherence, diabetes 
monitoring and diabetes control. Further studies are war-
ranted to explore these and other aspects related to dia-
betes management among Aboriginal and Torres Strait 
Islander populations within rural and remote areas to 
hopefully address the current gap of diabetes burden.
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