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Abstract

Background To investigate the sociodemographic, anthropometric, biochemical, lifestyle and cardiometabolic risk
factors associated with type 2 diabetes (T2D) among First Nations Australians.

Methods A systematic review of prospective cohorts and cross-sectional studies was conducted. Electronic data
sources (MEDLINE/PubMed, Embase, CINHAL, and PsycINFO) were searched for peer-reviewed articles until August
2023. We reviewed observational and interventional studies on T2D that reported sociodemographic, anthropometric,
lifestyle, and biochemical risk factors for Australian First Nations people. Narrative synthesis was applied without
meta-analysis. We highlighted the major risk factors for T2D by reporting the most significant findings from individual
studies in the results. The review followed PRISMA guidelines.

Results The review included 20 eligible studies: 12 cross-sectional studies and 8 prospective cohort studies. The
findings from these studies showed that First Nations people who resided in very remote areas (Modified Monash
Category 7; MM7) (OR=1.61; 95% Cl: 1.03, 2.52), living adjacent to food store stocking "Western”food items (OR=2.92;
95% Cl: 1.51, 5.63), rented their home (OR=2.07; 95% Cl: 1.30, 3.30) and part-time employment (OR=2.47; 95% Cl: 1.54,
3.95) were associated with a statistically higher risk of developing T2D. First Nations people who had obesity class

1 (BMI>30 kg/m?), central obesity (WC>88 cm in women; >102 cm in men), and higher waist-to-hip ratio (WHR)
(=1.0in men and 0.85 in women) were more likely to have T2D. First Nations people with elevated triglycerides (> 1.7
mmol/L) (OR=4.9;95% Cl: 2.7, 8.8), one standard deviation (SD) increase in C-reactive protein (CRP) value (AHR=1.23;
95% Cl: 1.05, 1.45) and lower levels of vitamin D (< 53 nmol/L) (AOR=2.15; 95% Cl: 1.10, 2.18) were significantly
associated with a higher risk of T2D. However, no significant association was found with either daily smoking or daily
alcohol.

Conclusion To address the First Nations Health Gap attributed to T2D in Australia, interventions should prioritise
remote areas, socioeconomic disadvantage, central obesity, elevated triglycerides, and vitamin D deficiency. This was
the first comprehensive systematic review examining sociodemographic, anthropometric, biochemical, lifestyle, and
cardiometabolic risk factors associated with T2D among First Nations Australians.
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Background

Diabetes is a major global health priority and is ranked
as the eighth leading cause of death and disability [1-3].
The International Diabetes Federation (IDF) estimated
that approximately 537 million (10.5%) adults aged 20-79
years were affected by diabetes in 2021 and this number
is expected to grow to 643 million by 2030 and 783 mil-
lion by 2045 [4]. Diabetes is also a prominent contribu-
tor to various health complications including blindness,
kidney failure, heart attack, stroke, and lower limb ampu-
tation [5-10]. Furthermore, it exerts a substantial eco-
nomic burden on national economies. For instance, data
from 180 countries showed that the cost associated with
diabetes is set to rise from $1.32 trillion USD in 2015 to
$2.12 trillion in 2030 [11, 12]. Type 2 diabetes (T2D) is
the most common form of diabetes, accounting for over
90% of all diabetes worldwide [13, 14].

In Australia, diabetes was the eighth leading cause of
death, accounting for 5,148 fatalities in 2021 [15], while
approximately 1.3 million people (5.3% of the total
population) were living with diabetes in the same year
[16]. The 2018 Australian Burden of Disease Study also
reported T2D as the twelfth leading contributor (2.3%)
to Australia’s total disease burden (both fatal and non-
fatal) [17]. The incidence of T2D has been on a steady
rise, according to Diabetes Australia’s 2020 report, with
an average of 125 new cases diagnosed each day in Aus-
tralia [18]. The economic burden of T2D in Australia is
substantial, costing the healthcare system approximately
$2 billion AUD in 2019-20 [19].

In Australia, Aboriginal and Torres Strait Islander
populations (hereafter, we use “First Nations/Indig-
enous” as a collective term, respectfully acknowledging
the diversity of language and culture of Aboriginal and
Torres Strait Islander people as the First Nations people
and custodians of Australia) which represents 3.8% of the
total Australian population; face a significant gap in life
expectancy compared to non-Indigenous people. First
Nations people can expect a reduction in life expectancy
of approximately 8—9 years compared to non-Indigenous
Australian [20]. This health gap is predominantly driven
by cardiometabolic disorders, including central obestity
and T2D [21], which disproportionately affects First
Nations Australians [22, 23]. The Australian Institute of
Health and Welfare (AIHW) reported that First Nations
Australians are three times more likely to have diabe-
tes than non-First Nations Australians (17% compared
with 6.1%) [24]. In 2018, endocrine disorders, primarily
due to T2D (87%), contributed to 3.3% of the total dis-
ease burden [25, 26]. T2D is estimated to account for
approximately 12% of the life expectancy gap between

Indigenous and non-Indigenous Australians [27]. In
2021, $2.3 billion was spent on managing T2D in Austra-
lia, with the economic burden significantly higher among
First Nations people. In 2020, the per-person hospitaliza-
tion expenditure for diabetes was $71 for First Nations
people, compared to $24 for non-Indigenous Australians
[28].

To effectively address the First Nations gap attrib-
uted to T2D, it is imperative to have a comprehensive
understanding of the associated risk factors and develop
targeted intervention strategies tailored to meet their
needs [29, 30]. Previously published systematic reviews
have mostly focused on specific risk factors and failed to
comprehensively address all risk factors [31, 32]. There-
fore, we conducted this systematic review to identify the
sociodemographic, anthropometric, biochemical and
lifestyle-related factors associated with T2D among First
Nations Australians. The findings of this review will have
policy implications, aligning with national initiatives such
as ‘Closing the Gap’ and ‘the Australian National Diabetes
Strategy 2021-2030" [29], as well as global efforts such
as the “‘WHO Global Diabetes Compact, which aim to
reduce mortality and morbidity associated with diabetes
mellitus [33, 34].

Methods

This systematic review was conducted and reported
according to the Preferred Reporting Items for System-
atic Review and Meta analysis (PRISMA) Statement
(Supplementary file 1) [35]. The protocol of this system-
atic review is registered with the International Prospec-
tive Register of Systematic Review (PROSPERO), under
registration number CRD42023438653.

Information sources and search strategy

Our search strategy followed a three-stage process. Stage
one involved a manual search for systematic reviews on
the risk factors for T2D amongst First Nations popula-
tions in Australia. Stage two applied the Population/
Problem/Patient, Exposure, Outcome (PEO) criteria
to devise the search terms. In the last stage, we system-
atically searched five electronic databases MEDLINE
(Ovid), Embase (Ovid), Cumulative Index to Nursing and
Allied Health Literature (CINHAL/EBSCO), PubMed,
and PsycINFO (EBSCO) to locate peer-reviewed articles.
We also conducted grey literature searches on OpenGrey
and Google Scholar. A combination of specified Medical
Subject Heading (MeSH) terms and keywords for T2D,
Aboriginal people, risk factors, and the included country
(Australia) were used. These terms were slightly adjusted
for each database. Initial and top-up searches were
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conducted between the months of April 2023 and August
2024. The detailed search strategies for MEDLINE and
Embase are presented in supplementary file 2. The over-
all list of search terms was structured as follows: Term I
(Population): Aboriginal and Torres Strait Islander peo-
ple, Indigenous people, First Nations, Indigenous Austra-
lian, Aboriginal, Native people, First Australian, Torres
Strait Islander. Term 2 (Outcome): Diabetes mellitus, type
2 diabetes mellitus, lipoatrophic, polydipsia, psychogenic,
polyuria, glucose tolerance, hyperglycaemia, non-insulin
dependent diabetes mellitus, high blood sugar, elevated
sugar level, T2D, DM. Term 3 (Context): Australia.

Eligibility criteria

The systematic review included studies that meet the
following inclusion criteria: (i) observational (including
cohort, case-control and cross-sectional studies) or inter-
ventional studies measuring T2D as the study outcome;
(ii) reported sociodemographic, anthropometric, life-
style and biochemical risk factors for T2D; (iii) focused
on First Nations populations in Australia; and (iv) pub-
lished in English. This review excluded studies catego-
rised as letters to editors, perspectives, case series, and
case reports. Additionally, studies that did not separately
report risk factors specific to First Nations populations
were excluded.

Study selection process

The study selection process started with importing data-
base search outputs to an EndNote library (version 177
20.2.1,The EndNote Team, Philadelphia) for initial title/
abstract screening [36]. Following this, a minimum of
two reviewers from a team of three (UKM, KYA and
ST) independently conducted an initial screening of all
titles and abstracts according to predefined inclusion and
exclusion criteria. Subsequently, two reviewers (UKM
and ST) conducted an independent full-text review. Stud-
ies that did not meet the eligibility criteria were excluded,
and the reasons for their exclusion were documented and
reported. Disagreements between the two independent
reviewers were resolved by consensus and arbitration
with the third reviewer (KYA).

Data extraction

UKM conducted the data extraction, which was then
independently verified by two authors, ST and KYA. The
data extraction forms were based on the 2014 edition of
the Joanna Briggs Institute (JBI) reviewer’s manual [37].
From each eligible study, we extracted information, such
as the lead author’s surname, publication year, country/
region of study, study design, participants’ age and sex,
baseline sample size, baseline health status, exposure(s)
of interest, outcome(s) of interest, method of outcome
assessment, duration of follow-up, and major findings.
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Risk of bias

Two independent reviewers (UKM and ST) assessed the
risk of bias for included studies. The JBI Critical Appraisal
Checklist for Analytical Cross-sectional Studies and the
JBI Critical Appraisal Checklist for Cohort Studies were
used to assess the methodological quality and the risk of
bias of the included studies [38]. The former has 8 items,
while the later has 11 items with four different answer
options (yes, no, unclear, and not applicable). Discus-
sions were conducted by the authors regarding the scor-
ing system and to determine cut-off points. These were
agreed upon by the team members in a collaborative
meeting before critical appraisal commenced. The items
were scored 1 if the response was yes, 0 if the response
was no, unclear or not applicable. Total score obtained by
each study was presented as percentages, and each study
was catagorised according to different levels of risk of
bias as follows: < 49% were classified as “high risk of bias’,
50-79% as “moderate risk of bias’, and >80% as “low risk
of bias” (supplementary file 3).

Results synthesis

Considering the heterogeneity in participant character-
istics, risk factor measurements, measures of associa-
tion, and outcome measures across the included studies,
we opted for a narrative approach in reporting the effect
size measures provided by the authors for each study.
These reported effect size measures included odds ratio
(OR), relative risk (RR), attributable risk (AR), hazard
ratio (HR), and population attributable risk (PAR). When
applicable, we also extracted 95% confidence intervals
(CIs) and p values.

Results

Description of studies

Out of 1,796 initially identified articles, 1,325 remained
after removing duplicates. Following the title and
abstract screening, 1,258 were excluded. After the full-
text review, a total of 20 studies were found to be eligible.
Reasons for exclusion included no measure of association
(33 studies), review articles (6 studies), not separately
reported for First Nations populations (3 studies), dupli-
cates (2 studies), inappropriate study design (one study),
and conference abstract (one study) (Fig. 1). The 20 stud-
ies included 12 cross-sectional [39-50] and 8 prospec-
tive cohort studies [51-58]. Studies were conducted in
multiple locations and the geographic distribution was as
follows:14 studies from the Northern Territory [39-41,
45-53, 55, 58], 7 from Queensland [44, 45, 48, 50, 54,
56, 57], and 4 from Western Australia [45, 48—50]. Two
studies did not report their settings [42, 43]. The included
studies had a total sample size of 16,871 participants (SS
ranged from 144 to 2,626). Female participants account-
ing for 55% (8,962) of the sample. However, two studies
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Identification of studies via databases

Records identified from (n = 6) Records removed before screening:

e 220 records identified from PubMed

e 235 records identified from MEDLINE (OVID) *  Duplicate records removed (n
e 1083 records identified from Embase (OVID) =471)

e 20 records identified from PsycINFO (EBSCO) |—»»

e 235 records identified from Cumulative Index to

Nursing and Allied Health Literature
(CINHAL/EBSCO)

e 3 records from open-source literature

l

Total records screened (n = 1325) ——»

Reports sought for retrieval (n = 67)

Records excluded after reviewing
titles and abstract (n = 1258)

Reports not retrieved (n=1)

Excluded after reviewing full text

with reasons (n = 46)

e No direct association was
measured with T2D (n = 33)

e Non-First Nations participant
were included in the results (n

Reports assessed for eligibility (n = 66) |——»

=3)
l e Review articles (n = 6)
e Duplicate (n=2)
Studies included in the review (n = 20) . Inappropriate study

design/objective (n = 1)
e Abstract of a published paper
(n=1)

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow chart of our systematic review process [76]

did not specify the gender of their participants. Twelve  Quality assessment

studies included participants aged 15 and older, with  Out of the 20 studies, 17 (85%) had a low risk of bias [39—

others covering age ranges of 16+, 18-74, 18-76, 20-74, 42, 45-56, 58], while the remaining studies (15%) had a

25+, 40+, and all ages. moderate risk of bias [43, 44, 57]. Regarding the sources
of potential bias, two studies (10%) failed to identify



Mondal et al. BMC Public Health (2024) 24:3174

confounders [44, 57], two studies (10%) did not mention
strategies to address confounders [55, 57], two studies
(10%) lacked valid and reliable measurement for expo-
sure [43, 45], and two studies (10%) did not use appropri-
ate statistical measure to test the association [44, 57].

Risk factors for type 2 diabetes
Three studies reported the relationship between age and
T2D [40, 43, 53]. A cross-sectional study from the North-
ern Territory documented that individuals aged 55-64
years had a higher risk of T2D compared to those aged
15-24 years (AOR=61.63; 95% CI: 20.14, 188.55) [40].
Similarly, another cross-sectional study conducted by
Keel et al. reported an increased risk of diabetes with
each additional year of age (OR=1.05; 95% CI: 1.04, 1.07)
[43]. However, the remaining study did not show a sig-
nificant association between age and T2D [53] (Table 1).
The relationship between gender and T2D was
reported by five studies [40, 41, 43, 53, 54]. A cross-sec-
tional study conducted by Keel et al. showed that males
were associated with lower risk of T2D (OR=0.75; 95%
CI: 0.60, 0.92) [43], while the remaining studies did not
show statistical significance [40, 41, 53, 54]. Addition-
ally, three cross-sectional study showed that T2D was
positively associated with residing in very remote areas
(MM 7) defined by the Modified Monash Model [59]
(OR=1.61; 95% CI: 1.03, 2.52), living adjacent to a food
store stocking Western food items such as sugar, flour
and fatty cuts of meat (OR=2.92; 95% CI: 1.51, 5.63), liv-
ing in rented households (OR=2.07; 95% CI: 1.30, 3.30),
and part-time employment (OR=2.47; 95% CIL 1.54,
3.95) [40, 41, 43]. However, individuals speaking English
at home were less likely to have T2D (OR=0.45; 95% CI:
0.26, 0.76) [43] (Table 1).

Anthropometric risk factors

Nine studies reported the relationship between body
mass index (BMI) and T2D [39, 41, 46, 47, 49, 50, 53, 54,
56]. Two cross-sectional studies conducted by Brimble-
combe et al. (AOR=24.1; 95% CI: 6.0, 96.5) and Good
et al. (AOR=5.98; 95% CIL: 1.73, 20.64) showed a posi-
tive association between T2D and overweight/obesity
(BMI>25 kg/m?) [39, 42]. A prospective cohort study by
Li et al. (AHR=3.10; 95% CI: 1.60, 6.10) and a cross-sec-
tional study done by McDermott et al. (AHR=2.7; 95%
CI: 1.7, 4.2) documented significant association between
obesity (BMI>30 kg/m?) and T2D [54, 56]. The remain-
ing five studies also indicated the higher risk of T2D with
an increase in BMI for both males and females [46, 47,
49, 50, 53] (Table 1). Eight studies reported the associa-
tion between elevated waist circumference (WC) and an
increased risk of T2D [46-48, 50-52, 56, 57]. McDermott
et al. showed in a prospective cohort study that individu-
als with central obesity (WC>88 cm for women and
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>102 cm for men) had higher risk of T2D (AHR=3.4;
95% CI: 2.0, 5.8) [56]. Four studies recorded the associa-
tion between waist-to-hip ratio (WHR) and an increased
risk of T2D [46, 47, 50, 56]. A cross-sectional study con-
ducted by Wang and Hoy revealed higher risk of T2D
with an one standard deviation (SD) increase in WHR
(AOR=2.31; 95% CI: 1.67, 3.20 for males and AOR=1.54;
95% CI: 1.20, 1.98 for females) [47]. McDermott et al. also
reported that WHR>1.0 in men and >0.85 in women
had higher risk of T2D (AHR=3.1; 95% CI: 1.9, 5.2). An
additional prospective cohort study that examined the
relationship between adiposity (weight, waist and hip
circumferences, and biceps, triceps, subscapular and
suprailiac skinfold thickneses) and T2D showed that First
Nations people with lower adiposity (BMI, weight, WHR,
and skinfold sum) were at lower risk of T2D (AOR=0.43;
95% CI: 0.28, 0.66) [55] (Table 1).

Biochemical risk factors

Five studies reported the relationship between bio-
chemical risk factors and T2D [44, 45, 48, 55, 58]. Maple-
Brown et al. reported in a cross-sectional study that First
Nations people with vitamin D levels in the lowest ter-
tile (<53 nmol/L) had a higher risk of T2D compared to
the highest tertile (AOR=2.15; 95% CI: 1.10, 2.18) [45].
A prospective cohort study by Wang and Hoy also doc-
umented a higher risk of T2D for a one SD increase in
C-reactive protein (CRP) value (AHR=1.23; 95% CI: 1.05,
1.45) [58]. Additionally, a cross-sectional study by Daniel
et al. showed a higher risk of T2D among First Nations
Australians with elevated WC and triglyceride compared
to normal WC (<90 cm for men and <80 ¢cm for women)
and triglyceride (<1.7 mmol/L) (OR=4.9; 95% CIL: 2.7,
8.8) [48]. However, a cross-sectional study examining the
association between hypercholesterolemia and T2D did
not find a statistical significance [44] (Table 1).

Lifestyle and cardiometabolic risk factors

Two prospective cohort studies and one cross-sectional
study measured the association between health risk
behaviours such as daily alcohol consumption and daily
smoking and the occurrence of T2D [44, 54, 57], but
none of these studies confirmed a statistical association.
Two studies examined the relationship between cardio-
metabolic disorders and T2D [44, 56]. One prospective
cohort study by McDermott et al. found that having met-
abolic syndrome (MetS) significantly increased the risk
of T2D (AHR=2.4; 95% CI: 1.6, 3.7) [56]. Another cross-
sectional survey revealed that the prevalence of hyper-
tension was notably higher among people with diabetes
compared to people with no diabetes, with a significant
difference between the two groups (54.90% vs. 31.70%,
»<0.004 for males and 44.80% vs. 21.7%, p<0.001 for
females) [44].
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Discussion

This systematic review was conducted to examine the
influence of sociodemographic, anthropometric, bio-
chemical, lifestyle, and cardiometabolic risk factors on
the occurrence of T2D among First Nations Austra-
lians. The findings revealed that several factors were
associated with an increased risk of T2D. Living adja-
cent to food store that predominantly sell “Western”
food items high in sugar and fat content, living in very
remote areas, living in a rented household, and having
part-time employment were all linked to a higher risk of
having T2D. Additionally, individuals with elevated BMI
exceeding 30 kg/m? and central obesity characterised by
WC exceeding 88 cm in women and 102 cm in men were
found to be at higher risk. Elevated triglyceride levels
(21.7 mmol/L), increased levels of CRP, and lower lev-
els of vitamin D (<53 nmol/L) were also associated with
an increased likelihood of T2D. However, no statistically
significant associations were found between health risk
behaviors such as low levels of daily smoking and moder-
ate alcohol consumption and the occurrence of T2D.

The findings of this review showed that First Nations
people who were living in rented households and
employed part-time were at higher risk of T2D, consis-
tent with Australian data that showed the significant
impact of socioeconomic disadvantages (including rental
housing and part-time employment) on T2D [18]. Sev-
eral factors contribute to this association, including food
insecurity, the higher cost of healthy foods, limited access
to nutritious diets, and restricted healthcare resources.
Additionally, socioeconomic barriers hinder the adoption
of healthier lifestyles, including physical activity, which
is crucial for preventing T2D [60-65]. Limited educa-
tion, unemployment, and low income may also partially
explain the connection between socioeconomic disad-
vantage and increased T2D risk [66]. Furthermore, our
review found that Indigenous people living near con-
vience stores were also at increased risk for diabetes. This
may be due to the easier access to ‘junk’ food items, lead-
ing to unhealthy eating habits. To address this, frequent
community-driven nutrition campaingns within lower
socioeconomic neighborhoods should be considered.

This review identified strong link between central
obesity (elevated WC) and T2D, aligning with previ-
ous global research [67-73]. Recent findings questioned
the accuracy of BMI in assessing body fat percentage
and distribution. For example, a U.S.A. study found that
BMI failed to identify about half of reproductive-aged
women with higher body fat percentages, likely due to
its inability to consider fat mass in specific body areas,
including abdominal adipose tissues [74]. Despite this,
global guidelines, including those of Australia, continue
to endorse BMI as the primary measure for assessing
obesity-related health risks. However, our study suggests
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that WC should be routinely evaluated and managed in
Australia to better assess future cardiometabolic risks,
especially among First Nations communities.

This review confirms previous studies by demonstrat-
ing a significant association between lower vitamin D lev-
els, elevated CRP levels, and abnormal triglyceride levels
with an increased risk of T2D among Australian First
Nations people [75-80]. These findings underscores the
importance of implementing culturally sensitive and con-
textually appropriate approaches to improve health out-
comes related to T2D among First Nations Australians.

Remoteness was found to be significantly associated
with a higher risk of T2D. First Nations living in very
remote areas (MM 7) were at greater risk of T2D. This
increased risk can be attributed to limited access to
essential resources such as healthier food choices, com-
munity infrastructure that support physical activities and
sporting events, and culturally appropriate healthcare
services [31, 61, 75, 76]. The results emphasise the need
for targeted interventions and resources to address the
unique health challenges faced by individuals residing in
very remote areas and to mitigate the risk of T2D.

Strengths and limitations of the study

This was the first systematic review to comprehensively
identify the major risk factors for T2D among Indig-
enous Australians. Additoionally, approximately 85% of
the included studies adjusted for potential confounders,
which enhances robustness and credibility of our find-
ings. Despite the strengths, the systematic review have
limitations. Firstly, there was a significant heterogeneity
among individual studies on the metrics used for measur-
ing associations and outcomes, preventing the possibility
of conducting a meta-analysis. Secondly, the potential for
publication bias exists, as studies with negative results
are less likely to be submitted for journal publication
[81]. Additionally, most of the included studies were from
remote areas in the Northern Territory, Queensland, and
Western Australia. This may limit the generalizability
of the results, making them less representative of other
settings in Australia. However, we conducted manual lit-
erature searches to identify grey literature. Despite these
limitations, our study stands as the first comprehensive
systematic review examining sociodemographic, anthro-
pometric, biochemical, lifestyle, and cardiometabolic
risk factors associated with T2D in First Nations Austra-
lians. Our findings hold important policy implications for
addressing the First Nations Gap in Australia.

Conclusions

Our systematic review revealed significant socioeco-
nomic and health risk factors for T2D among First
Nations Australians. Individuals residing in extremely
remote regions, living in rented households, part-time
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employment, and exhibiting elevated WC, triglyceride,
and CRP levels, alongside lower vitamin D levels, were
identified as being at a higher risk for T2D. Address-
ing these major identified risk factors will help close the
Indigenous health gap in Australia. Additionally, the inte-
gration of WC measurements into routine clinical guide-
lines is recommended as a means of assessing the risk of
developing T2D.
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