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ABSTRACT

Aim: Evaluate the area-level incidence of kidney failure due to diabetes among Australians aged <45years.

Methods: Using Australian registry and census data (2000-2022), incidence rates and prevalence of kidney failure (defined
as commencing kidney replacement therapy) due to diabetes among people aged <45years were compared by geographical
region.

Results: Incidence (per 100000/year, 95% confidence interval) of kidney failure due to diabetes among people aged <45years
in Australia was 0.72 (0.68-0.77) in 2000-2011, and 1.13 (1.07-1.18) in 2012-2022 (incidence rate ratio [IRR] 1.56, 1.50-1.62).
Between 2012 and 2022, there were 48 regions where the crude incidence of kidney failure due to diabetes was more than dou-
ble the national average, the highest being 49.8 cases per 100000 per year. Between 2012 and 2022, all jurisdictions had similar
age-sex-adjusted point estimates for kidney failure incidence (range 0.78-1.48) except for the Northern Territory (15.8, 13.9-17.8).
The most significant characteristics associated with the rate of incident kidney failure were residence in remote areas (IRR 13.9,
13.1-14.8, ref. major cities), socioeconomic disadvantage (IRR 2.96, 2.75-3.19, ref. advantaged areas), and Aboriginal and Torres
Strait Islander ethnicity (IRR 24.2, 23.0-25.5). Between the eras, people born outside Australia had the largest increase in inci-
dent cases (IRR 2.47, 2.23-2.72) but had a lower overall incidence than those born in Australia (IRR 0.55, 0.52-0.59).
Conclusion: In Australia, there was an increase in the incidence of kidney failure due to diabetes among people aged <45years
in the last two decades. There was a strong relationship between the risk of kidney failure and social determinants of health,
including place of residence, socioeconomic status and Indigenous status.

1 | Introduction rates of KRT due to diabetic kidney disease have remained static

since 2010 among older age groups with Type 2 diabetes melli-
Diabetic kidney disease is the most common cause of kidney  tus (T2DM) and people with Type 1 diabetes mellitus (T1DM),
failure in Australia, accounting for 39% of patients commenc- a recent study demonstrated a rising incidence of KRT among
ing kidney replacement therapy (KRT) between 2019 and 2022,  younger age groups with T2DM between 2010 and 2019 among
approximately 1300 people/year [1]. While Australian incidence ~ both males and females [2].
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Within Australia, there is significant inequality in terms of the
risk of adverse health outcomes associated with socioeconomic
disadvantage and geographical remoteness, but with significant
regional variability [3]. This disparity was broadly reflected in
the incidence of T2DM in 2021, where outer regional areas had
1.1 times higher incidence compared to residents in a major
city, and the lowest socioeconomic areas had 2.0 times higher
incidence than the highest [4]. Furthermore, the incidence of
T2DM among Aboriginal and Torres Strait Islander people was
2.0 times higher than among non-Indigenous Australians [4].
Aboriginal and Torres Strait Islander people are less likely to
live in major cities (40.8%, compared to 59.2% living in regional/
remote areas) compared to non-Indigenous Australians (73.4%
living in major cities) [5].

Onset of diabetic complications is a function of disease duration
and glycaemic control [6]. Serious diabetic complications (such
as kidney failure) occurring in young people are uncommon and
almost always preventable, or at least delayable, through early
detection, improved glycaemic control, and initiating appropri-
ate treatment. Therefore, high area-level rates of kidney failure
in younger age groups may be a marker of health inequality and
useful in identifying regions that may benefit from targeted pub-
lic health interventions.

Given the significant regional variability in general risk of ad-
verse health outcomes [3], this study aimed to identify areas
that had high or rising rates of kidney failure due to diabetes in
people <45years old. To do this, we used two decades of data
from the Australia and New Zealand Dialysis and Transplant
Registry and Australian census data to evaluate secular trends
and undertake geospatial analysis.

2 | Methods
2.1 | Study Population and Data Sources

All 2793 people who developed kidney failure due to diabetic
kidney disease and commenced KRT between January 2000 and
December 2022 in Australia were identified using the Australia
and New Zealand Dialysis and Transplant Registry (ANZDATA).
Due to the low likelihood of people aged <45years with kidney
failure not commencing KRT [7], KRT incidence is likely to
closely reflect the incidence of kidney failure in this study.

Individual-level data obtained from ANZDATA included post-
code of residence, country of birth, Indigenous status, gender,
age at KRT commencement, TIDM vs. T2DM (reported to
ANZDATA by treating nephrologist), smoker status (grouped as
‘current’, ‘former’ and ‘never’), and the following comorbidities:
coronary artery disease, cerebrovascular disease and peripheral
vascular disease (reported as ‘present’, ‘absent’ or ‘suspected’; in
cases where comorbidity was ‘suspected’ it was presumed to be
present).

Cases were grouped by year of KRT commencement (2000-2011
and 2012-2022), intended to correspond with the Australian
censuses of 2011 and 2021. Publicly available census data from
2011 to 2021 were obtained from TableBuilder (Australian
Bureau of Statistics [ABS], Canberra) to establish population

denominators. In all analyses, population denominators only
included people aged <45years.

2.2 | Geospatial Analysis

Electronic material published in the ABS Australian Statistical
Geography Standard (ASGS) was used for geospatial analysis
(https://www.abs.gov.au/statistics/standards). The postcode of
the usual place of residence recorded in ANZDATA was used to
link individual data to statistical area (SA) and area-level vari-
ables. SAs are regions developed by the ABS for area-level sta-
tistical analysis; SA3s are designed to encompass a meaningful
area relative to population centres and generally have a popu-
lation of 30000-130000. The postcode (2016) was converted to
SA3 (2021) using relevant ABS correspondence files. The post-
code was not recorded for n =17 people, and these records were
excluded. There were 19 observations where a postcode was
recorded but not automatically linked to an SA, which was re-
solved by manual postcode search for n=15 (n=4 unresolved
records were not included).

To visualise data, counts for individual SA3s were obtained and
grouped by year (2000-2011 and 2012-2022). SA3 2021 shape
files were imported into RStudio (Posit Software, MA, USA) and
linked with case counts for SA3s as described above, as well as
SA3-specific population data from the 2011 to 2021 census. Case
counts for each SA3 in 2000-2011 and 2012-2022 were used to
generate crude incidence rates for the population of each SA3
(<45years old) as cases per 100 000 population/year. Spatial au-
tocorrelation by SA3 was evaluated using Global Moran's index
to evaluate the geographical clustering of incident cases, using
both frequency and incidence data. The difference in average
incidence between eras was also calculated.

To supplement the analysis evaluating area-level incidence of
kidney failure, the area-level prevalence of diabetes and the pro-
portion of people with diabetes who developed kidney failure
were also estimated for each SA3, considering only people aged
<45years. The cross-sectional prevalence of diabetes was esti-
mated using self-reported diabetes status from the 2021 census
as the numerator and the SA3 population as the denominator.
The prevalence of kidney failure requiring KRT among people
with diabetes was estimated for each SA3, using the incidence
data from 2011 to 2022 as the numerator and diabetes status
from the 2021 census as the denominator.

Choropleth maps generated using RStudio were used to visual-
ise area-level comparisons. A table of SA3s with an incidence
rate >2.0 per 100 000/year (2012-2022) was generated, not in-
cluding regions with <10 incident cases due to increased un-
certainty of estimates with such small numbers and individual
privacy considerations.

2.3 | Aggregate Analysis

In addition to geospatial analyses, the incidence was compared
by year on area-level variables, determined by postcode of usual
place of residence: state/territory, remoteness (ABS ASGS re-
moteness areas) and socioeconomic status (ABS Socioeconomic
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https://www.abs.gov.au/statistics/standards

Indices for Areas 2016). The five remoteness levels are deter-
mined from the Accessibility/Remoteness Index of Australia,
which is based on road distance from large population centres
(https://able.adelaide.edu.au/housing-research/data-gatew
ay/aria#methodology). For the purposes of analysis, classifi-
cations were amalgamated into major cities, regional (inner
regional and outer regional) and remote (remote and very re-
mote). Socioeconomic status was grouped based on deciles cal-
culated from the Index of Relative Socioeconomic Advantage
and Disadvantage (https://www.abs.gov.au/websitedbs/censu
shome.nsf/home/seifa): disadvantaged (Deciles 1-3), middle
(Deciles 4-7) and advantaged (Deciles 8-10). Incidence was also
compared on person-level variables: country of birth, Indigenous
status, gender and age. Denominators were obtained using ABS
TableBuilder, considering self-reported census data grouped by
usual place of residence at the time of the 2011 or 2021 census
(depending on era). Data were reported as incidence per 100
000 population/year. Direct age and sex standardisation of inci-
dence rates to the 2011 Australian population were performed,
and IRRs were calculated for these standardised rates (compar-
isons within each categorical variable and between eras). The
standard error for standardised rates was approximated using
the method of Keyfitz [8]. Otherwise, 95% confidence intervals
(95% CIs) were calculated using the Clopper-Pearson exact bi-
nomial interval distribution to favour more conservative esti-
mates. Where an IRR was unable to be determined to compare
the two eras due to absent census information, a p value was
estimated for counts using a chi-square test. Aggregate analysis
was performed using Microsoft Excel (Microsoft Corporation,
Redmond, WA, USA).

2.4 | Ethical Considerations

Human research ethics approval was obtained from The
University of Queensland (2023/HE002019).

3 | Results

The incidence rate per 100 000 population (95% CI) of kidney
failure due to diabetes in Australians aged <45years was 0.72
(0.68-0.77) between 2000 and 2011, and 1.13 (1.07-1.18) be-
tween 2012 and 2022 (IRR 1.56, 95% CI: 1.50-1.62) (Table 1).

Choropleth maps depicting incident cases of kidney failure due
to diabetes and the prevalence of diabetes in Australia over the
study period are presented in Figures 1 and 2. Point estimates
for incidence per 100 000 population/year across the SA3s
ranged from 0.0 to 20.1 (interquartile range 0.19-0.85) between
2000-2011 and 0.0-49.8 (interquartile range 0.27-1.13) between
2012 and 2022 (Figure 1). There were 48 regions where inci-
dence was >2.0 cases per 100 000/year (approximately double
the national average); however, 24 had <10 incident cases and
were not included for further descriptive analysis (Table 2 and
Figure S1). Among these regions, in general, more geographi-
cally isolated areas had higher proportions of incident KRT due
to T2DM among people who developed kidney failure due to di-
abetes. There was significant clustering of incident cases of kid-
ney failure due to diabetes when evaluating total frequency and
incidence rates between 2000-2011 and 2012-2022, respectively

(Moran's I: 0.312, p<0.001; 0.47, p=0.001; 0.48, p=0.001).
Visual assessment demonstrated generally higher rates in SA3s
outside of capital cities.

When evaluating aggregate contemporary incidence rates
(2012-2022), incidence was substantially higher in the Northern
Territory compared to the rest of Australia (IRR 16.2, 95% CI:
15.2-17.4), in regional (IRR 1.41, 95% CI: 1.33-1.50) and remote
(IRR 13.9, 95% CI: 13.1-14.8) areas compared to major cities,
in socioeconomically disadvantaged compared to advantaged
areas (IRR 2.96, 95% CI: 2.75-3.19), and among Aboriginal and
Torres Strait Islander people (IRR 24.2, 95% CI: 23.0-25.5).

When evaluating differences in the incidence of kidney fail-
ure between the two eras (2000-2011 and 2012-2022), almost
all the groups being compared had higher rates in 2012-2022
(Table 1). Only Tasmania did not demonstrate a statistically
significant increase in kidney failure incidence (IRR 0.82, 95%
CI: 0.62-1.07). The group with the largest increase in incidence
rates between eras was people born outside Australia (IRR 2.47,
95% CI: 2.23-2.72). Notwithstanding, this group had a lower
overall risk than people born in Australia (IRR 0.55, 95% CI:
0.52-0.59). There was a statistically significant increase in the
proportion of young people with incident kidney failure due to
T2DM (compared to TIDM) in the contemporary era (58% vs.
53% of all incident kidney failure due to diabetes, p=0.004). See
Table 1 for complete incidence data.

Socioeconomic status and remoteness level were compared de-
scriptively among cases and for the total Australian population
(Table S1). The most substantial differences regarding place of
residence and socioeconomic status when comparing cases in
this study and the Australian population (aged <45years) were
for people living in major cities and remote areas. In major cit-
ies, 41% of cases were from socioeconomically disadvantaged
areas compared to 26% of the total Australian population living
in major cities, and 17% of cases were from socioeconomically
advantaged areas compared to 32% of the Australian population.
In remote areas, 56% of cases were from a socioeconomically
disadvantaged area compared to 52% of the total Australian pop-
ulation, and 2% were from a socioeconomically advantaged area
compared to 7% for the Australian population.

4 | Discussion

This study demonstrated that there was an increased incidence
of kidney failure due to diabetes among young Australians over
time and that there was significant regional variability. In some
areas, the incidence of kidney failure due to diabetes among
young people was 50 times higher than the national average.
Areas with the highest incidence of kidney failure tended to be
outside major cities, have high rates of socioeconomic disad-
vantage, or a combination of both. Aboriginal and Torres Strait
Islander people were considerably overrepresented among cases.

In terms of individual SA3s with a high incidence of kidney
failure due to diabetes, there was significant overrepresentation
of regional/remote Australia. Five metropolitan regions were
also included, four of which were classified as socioeconomi-
cally disadvantaged. Interestingly, less geographically isolated
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FIGURE1 | Incidence of kidney failure. Crude incidence rates of kidney failure due to diabetes among people aged <45years (cases per 100000
population/year) by SA3. (A) 2000-2011; (B) 2012-2022. (C) Difference in incidence rate between eras. Capital cities (indicated in black) expanded

with greater magnification. Large scale bar =200 km; smaller scale bars=25km.
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FIGURE 2 | Prevalence of diabetes and kidney failure due to diabetes. (A) Estimated prevalence (%) of diabetes per SA3 among people aged
<45years, based on 2021 census data (self-reported). (B) Estimated prevalence (%) of kidney failure due to diabetes among people with diabetes,

using total incidence cases of kidney failure between 2012 and 2022 as the numerator and the total number of people with diabetes per SA3 as the

denominator. Capital cities (indicated in black) expanded with greater magnification. Large scale bar =200km; smaller scale bars =25km.

regions had higher proportions of kidney failure due to TIDM
compared to remote areas, where incident cases of kidney fail-
ure were predominantly due to T2DM. Reasons for this could
include a higher likelihood of people with TIDM moving to less
geographically isolated regions [9], higher incidence of T1DM
in less geographically isolated regions [10], or higher rates of
complications of T1IDM leading to premature death in more
geographically isolated regions [11]. When compared to another
recent Australian study of all-cause kidney failure hotspots in
Australian capital cities, of 19 SA3s identified with high kidney
failure incidence, only Mount Druitt (Sydney) and Brimbank
(Melbourne) were on both lists [12]. This could suggest an inter-
action between age-specific incidence, place of residence, and
socioeconomic status, which complicates the prediction of fu-
ture health service demand by area. It could be hypothesised
that areas with substantial young-onset kidney failure due to
diabetes may be more likely to have higher numbers of incident
cases of kidney failure in the future compared to regions where
incident KRT is predominantly among older people, especially if

antecedent and potentially causal social determinants of health
are not addressed. These could include access to primary care
[13], access to medications [14], differences in education levels
and health literacy [15, 16], and access to healthy food [17].

In many remote areas, the incidence rate of kidney failure due
to diabetes was substantially higher than the Australian aver-
age, and the proportion of people with diabetes who developed
kidney failure due to diabetes was as high as 23% (Table 2). A
higher prevalence of kidney failure among people with diabetes
was usually associated with a higher self-reported prevalence
of diabetes (Figure 2), which is probably a consequence of poor
diabetic control. However, this could be a sign of diabetes un-
derdiagnosis, where people present late and are only diagnosed
with diabetes in the presence of end-organ damage. In this sce-
nario, the diabetes prevalence based on self-reporting may be
underestimated. This inference was supported by a study of 51
remote communities in the Northern Territory, where 14%-20%
of people with diabetes had an HbAlc of >10%, and diabetes
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Absolute
change
in IR8
1.27
1.43

Incidence rate
(IR) (95% CI)f
2.0 (1.3-3.0)
2.0(1.2-3.2)

Percent
T2DM®
72%
53%

Incident

cases (%

of DM)4
25(2.3)
17 (1.3)

Diabetes
prevalence®
1071 (1.0)
1335 (1.7)

(aged
112695
77245

Population
<45years)®

Remoteness
classification
Major cities
Major cities

Socioeconomic
status?
Disadvantaged
Disadvantaged

NSW
NSW

State/
territory

SA3
code
12702
11603

(Continued)

|
SA3 name
Fairfield
Mount Druitt

2Index or Relative Socioeconomic Advantage and Disadvantage, determined from the most representative decile of the total resident population (Disadvantaged [Deciles 1-3], Middle [Deciles 4-7] and Advantaged [Deciles 8-10]).

Note: Incidence of kidney failure by Australian Bureau of Statistics defined regions (statistical area 3 [SA3]), presented in descending order. Map demonstrating the location of each SA3 is available in Figure S1 (— indicates no
Total population of SA3 aged <45years.

comparison could be made due to changes in geographical boundaries over time).
dNumber of incident cases of kidney failure due to diabetes between 2012 and 2022, and estimated percentage of people with diabetes (DM) who have kidney failure due to their diabetes within the SA3.

¢Percentage of incident cases of kidney failure due to Type 2 diabetes mellitus (T2DM) between 2012 and 2022.
fCrude incidence rate (cases per 100000 population per year) of kidney failure due to diabetes among people aged <45years within the SA3 between 2012 and 2022, with a 95% confidence interval (CI).

“Number of people aged <45years with diabetes (self-reported in 2021 census), and percentage of the SA3 population aged <45years with diabetes.
gAbsolute change in crude incidence rate between 2000-2011 and 2012-2022 (positive values represent increased incidence between eras).

TABLE 2

prevalence was substantially higher than the self-reported cen-
sus figures would suggest (ranging from 0.8% to 2% in the 10- to
19-year-old age group to 16%-25% in the 30- to 39-year-old age
group) [18]. Another recent study in Western Australia across six
remote communities found that 6% of adults had undiagnosed
T2DM [19].

Socioeconomic disadvantage is a known risk factor for both kid-
ney failure and T2DM [20]. An Australian study considering all
age groups (2000-2009) demonstrated a similar IRR for the risk
of kidney failure due to diabetic kidney disease in the most dis-
advantaged compared to the most advantaged decile (IRR 2.38,
95% CI: 2.09-2.71), similar to data from the same timeframe
in the present study (IRR 2.55, 95% CI: 2.35-2.77) [20]. While
socioeconomic disadvantage and regional/remote place of resi-
dence frequently co-occur, 28% of cases who lived in major cities
were from areas classified as socioeconomically disadvantaged,
compared to just 18% of people aged <45years living in major
cities Australia-wide, suggesting an independent association
between socioeconomic status and kidney failure in this study.

Young Aboriginal and Torres Strait Islander people had a sig-
nificantly higher incidence of kidney failure due to diabetes
than people who did not identify as Indigenous. This is reflective
of the known significant gap in health outcomes experienced by
Aboriginal and Torres Strait Islander people [21]. Strategies to
provide tailored, community specific and culturally appropriate
care in collaboration with communities can effectively improve
health outcomes in this vulnerable group, particularly in geo-
graphically isolated regions [22, 23]. In Queensland, mortality
due to endocrine/metabolic disorders among Aboriginal and
Torres Strait Islander people reduced by 43.3% in 2015-2017
compared to 2002-2004, which has been attributed to public
health interventions as part of the ‘Closing the Gap’ initiative
[24]. While the incidence of kidney failure among Aboriginal
and Torres Strait Islander people had increased over time,
change in incidence was proportional to that among non-
Indigenous Australians.

Of the groups evaluated in this study, people born outside
Australia had the largest rise in the incidence of kidney failure
due to diabetes over time. While the incidence rate remained
lower than that of people born in Australia, this is probably re-
flective of the heterogeneity of this group and suggestive that
people born in some countries are at higher risk than others. A
recent Australian study demonstrated that people born outside
of Australia experienced more difficulty navigating and engag-
ing with healthcare systems, which was more significant among
non-English speakers [25]. Between 2011 and 2019, incidence
rates of T2DM in Australia decreased among people born in
Australia and other English-speaking countries. However, in-
cidence rates increased for people born in Asia, North Africa,
the Middle East and the Pacific Islands [26]. Higher incidence of
kidney failure due to diabetes was also seen in these groups in
an Australian study evaluating KRT incidence data from 1993
to 2001 [27].

When evaluating spatial autocorrelation results, Moran's
index was persistently positive when evaluating both absolute
counts and incidence rates. This indicates a significant cluster-
ing of incident cases within related SA3s instead of a random
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geographical distribution. This provides further support to our
interpretation of results based on aggregate area-based indices
such as socioeconomic status and geographical remoteness. It
also adds robustness to the interpretation of incidence rates in
SA3s with smaller populations, where it could be inferred that
while some of the higher rates may not be as accurate as those
from more densely populated SA3s, they could be indicative of
wider regional trends.

This study is the first in Australia to evaluate regional variabil-
ity of incident kidney failure due to diabetes among young peo-
ple. Its strengths lie in the population-based sampling strategy,
where it is expected that most incident cases of kidney failure
would be captured. Limitations are related to area-level findings
due to small numbers within SA3s, which are a consequence of
lower population densities in regional and remote areas. Using
the postcode of usual place of residence at the commencement of
KRT may also be suboptimal, as it does not allow for changes in
residence over time and may not accurately reflect actual place
of residence in peripatetic contexts. While there is a degree of
uncertainty related to smaller numbers, many of the regions we
have identified as having poorer outcomes also share risk factors
for poor outcomes based on aggregate analysis. Ultimately, this
is likely to be of public health significance.

The study was also limited by the way diabetic kidney disease
was classified as the primary cause of kidney failure. While this
was based on clinical assessment by the treating nephrologist,
there is potential for misclassification as kidney biopsies are less
likely to be performed in Australia in people with diabetes and
features of kidney disease [28]. In a 2014 literature review, the
percentage of non-diabetic kidney disease among people with di-
abetes and kidney disease ranged from 7.8% to 72.5% [29], and in
an Australian retrospective study of kidney biopsy results, dual
pathology on biopsy was significantly more common among
Indigenous (range 9.7%-20.2%) compared to non-Indigenous
(5.6%) Australians (p=0.009) [30]. It is therefore possible that
some cases of kidney failure due to diabetic kidney disease were
due to, or in the setting of, alternate pathology, and it is plausible
that the likelihood of misclassification may be higher in non-
metropolitan centres due to resource limitations with respect
to accessing kidney biopsy. This study did not account for un-
measured confounders such as genetic susceptibility to diabetic
kidney disease.

5 | Conclusions

Our study has demonstrated a higher incidence of kidney fail-
ure due to diabetes among young people over time, with signif-
icant geographical variability. Among regions with the highest
incidence rates, there was an overrepresentation of geographical
isolation and socioeconomic disadvantage. Diabetic complica-
tions in young people are, for the most part, preventable, with
good evidence that primary and secondary prevention strategies
reduce diabetic complications and premature mortality [31, 32].
By highlighting regions with disproportionately high incidence
of kidney failure due to diabetes, it is possible that targeted
community-level intervention could be undertaken to try to im-
prove preventative measures and early intervention.
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