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Introduction: Peritoneal dialysis (PD) enables people to use kidney replacement therapy (KRT) outside of

healthcare-dependent settings, a strong priority of Aboriginal and Torres Strait Islander people.

Methods: We undertook an observational study analyzing registry data to describe access to PD and its

outcome as the first KRT among Aboriginal and Torres Strait Islander people between January 1, 2004 and

December 31 2020.

Results: Out of 4604 Aboriginal and Torres Strait Islander people, reflecting 10.4% of all Australians

commencing KRT, PD was the first KRT modality among 665 (14.4%). PD utilization was 17.2% in 2004 to

2009 and 12.7% in 2016 to 2020 (P ¼ 0.002); 1105 episodes of peritonitis were observed in 413 individuals,

median of 3 (interquartile range [IQR], 2–5) episodes/patient. The crude peritonitis rate was 0.53 (95%

confidence interval [CI], 0.50–0.56) episodes/patient-years without any significant changes over time. The

median time to first peritonitis was 1.1 years. A decrease in the peritonitis incidence rate ratio (IRR) was

observed in 2016 to 2020 (IRR, 0.63 [95% CI, 0.52–0.77], P < 0.001) compared to earlier eras (2010–2015:

IRR, 0.90 [95% CI, 0.76–1.07], P ¼ 0.23; Ref: 2004–2009). The cure rates decreased from 80.0% (n ¼ 435) in

2004 to 2009, to 70.8% (n ¼ 131) in 2016 to 2020 (P < 0.001).

Conclusion: Aboriginal and Torres Strait Islander people who utilized PD as their first KRT during 2004 to

2020 recorded a higher peritonitis rate than the current benchmark of 0.4 episodes/patient-years. The cure

rates have worsened recently, which should be a big concern. There is an exigent need to address these

gaps in kidney care for Aboriginal and Torres Strait Islander people.
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T
he island continent of Australia has always been
known for its many diverse First Nation People.

Aboriginal and Torres Strait Islander people have lived
within cultural protocols for thousands of years and
survived free of chronic noncommunicable diseases.
Aboriginal and Torres Strait Islander people have
traded, developed kinship, and lived alongside each
Kidney International Reports (2024) 9, 1484–1495
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First Nation group within this continent. Those re-
lationships extended to the First Nations people of
Papua New Guinea, Indonesia (Macassar), the Pacific
islander people of Melanesia, and the M�aori of Aotearoa
(New Zealand). More recent European contact is
known; Louis de Torres, a Spanish navigator,
“discovered” the passage of water separating Cape
York Peninsula (Queensland, Australia) with Papua
New Guinea and Torres Strait Islander people was the
term subsequently attributed to the Zenadh people of
that region. In the past 235 years, English control had
systematically dispossessed people of their land and
altered Aboriginal and Torres Strait Islander people’s
lives, autonomy,1 health and well-being and survival,
as observed today, resulting in a dramatic growth in
chronic diseases, including kidney failure.

Although the population estimates for Australia
before 1788 was 318,000 to 3 million1,2 (100% First
Nations peoples), the 2021 Australian Census recorded
812,728 Aboriginal and/or Torres Strait Islander peo-
ple (3.2%). This includes 91.4% identifying as
Aboriginal, 4.2% as Torres Strait Islander, and 4.4%
as both.3 The population distribution of First Nation
people today is different to non-Indigenous Austra-
lians and is an important health care delivery
consideration; 33% of Aboriginal and Torres Strait
Islander people live in metropolitan cities (where 75%
of non-Indigenous Australians reside), and a higher
proportion elsewhere ("inner regional" areas (24% vs.
18%), “outer regional” (20% vs. 8%), “remote” or
“very remote” areas (15% vs. 2%)4 (the 2016
Australian Census). One hundred sixty-seven
Aboriginal and Torres Strait Islander languages were
used at home,3 yet the Australian health system pre-
dominantly accommodates spoken and written English
languages.5 First Nations people employed and leading
within kidney health care must systematically and
strategically increase from its current low levels,
because they are regarded as an essential workforce to
support clinical knowledge exchange, health infor-
mation, and culturally safe care.6,7

Fair access to and good quality outcomes from KRT
are essential for all patients with kidney failure,
including Aboriginal and Torres Strait Islander people.
Hemodialysis (HD) is accessed as self-care or assisted by
a family carer or a health care professional. HD is
accessible within hospitals (hospital-based dialysis) or
away from hospitals (satellite HD). HD requires reliable
electricity and water supply (including approximately
300 L per treatment). In Australia, hospital-based
assisted HD has been the predominant KRT modality
utilized by Aboriginal and Torres Strait Islander people
who have kidney failure and is usually prescribed 3
times a week for 3 to 5 hours each session, affording
Kidney International Reports (2024) 9, 1484–1495
alternate-day clearance of excess water, waste removal,
and solute balance.

In contrast, PD is portable, has lower water demands
and is cost-effective, with an annual cost savings of up
to 40% compared to in-centre HD.8 In addition, PD
offers multiple potential advantages compared to HD,
including survival advantage in the first few years,
better preservation of residual kidney function (RKF), a
better quality of life, fewer dietary restrictions, un-
complicated technique, better outcomes following
subsequent kidney transplantation, considerable abil-
ity to travel, and diminished risk of blood-borne viral
infections.9-13 Furthermore, PD enables Aboriginal and
Torres Strait Islander people to access safe and quality
KRT in nonmedicalized settings and at home, even in
very remote locations of Australia, which is a consis-
tently identified priority.14

Aboriginal and Torres Strait Islander people have a
higher incidence rate of KRT than other Australians,
and 86% access HD as their first KRT modality.15-19 An
annual survey by the Australian and New Zealand
Dialysis and Transplant (ANZDATA) registry in 2021
reported a total of 2471 Indigenous Australians
receiving KRT, with 1952 (79%) on HD, 146 (6%) on
PD, and 373 (15%) who have undergone kidney
transplantation.20 The most common reasons for attri-
tion in PD numbers in this group are death (11–16 per
100 patient-years)21 and transfer to HD (31–46 per 100
patient-years).21

Peritonitis rates and outcomes have improved in the
overall PD patient population in Australia and New
Zealand22,23; however, PD uptake and outcomes among
Aboriginal and Torres Strait Islander people and trends
over time in these parameters have not been well-
studied. The primary aim of this study was to
examine trends in the uptake and outcomes of PD
among Aboriginal and Torres Strait Islander people
being treated for kidney failure in Australia.

METHODS

Study Population

Aboriginal and Torres Strait Islanders aged 18 years
and over commencing KRT for kidney failure in
Australia between January 1, 2004 and December 31,
2020 were included in this study. Data were obtained
from the ANZDATA Registry, using real-time event-
based reporting and an annual survey. Registry
conduct was in accordance with the 2014 Australian
Privacy Principles. The ANZDATA Aboriginal and
Torres Strait Islander Health Working Group, the
ANZDATA Registry Steering Committee, and the Uni-
versity of Queensland Human Research Ethics Com-
mittee (2021/HE002582) approved the study. The study
was conducted in accordance with Strengthening the
1485
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Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.24 We intentionally positioned the
focus of the research discovery to advance the acces-
sibility, quality of care, and health outcomes for
Aboriginal and Torres Strait Islander people utilizing
PD. The Centre of Research Excellence in Aboriginal
Chronic Disease Knowledge Translation and Exchange
quality appraisal tool guided the research. Aboriginal
and Torres Strait Islander people contributed to
developing this knowledge at all stages of the manu-
script development (Supplementary Table S1).
Data Collection

Aboriginal and Torres Strait Islander participants in
this analysis were identified if the ethnicity term for
Aboriginal and Torres Strait Islander people was
included within the data reporting at the time of KRT
commencement. Other variables included were age at
the commencement of KRT, sex (as recorded by ANZ-
DATA registry), body mass index (BMI), primary
kidney disease, comorbid conditions (diabetes mellitus,
coronary artery disease, cerebrovascular disease, pe-
ripheral vascular disease, and chronic lung disease),
hepatitis C status, late referral to a nephrologist (within
3 months of KRT commencement), date of initial KRT,
initial PD modality (automated peritoneal dialysis
[APD] or continuous ambulatory PD [CAPD]), comple-
tion of peritoneal equilibration test within 6 months of
PD initiation, peritoneal membrane transport charac-
teristics (low/low average/high/high average), RKF
(creatinine clearance), residual urine volume, type of
PD solution (glucose, icodextrin, low glucose degra-
dation product, weekly Kt/V, Index of Relative Socio-
economic Advantage and Disadvantage (IRSAD),
Accessibility and Remoteness Index of Australia, State
territories characteristics (prevalent patients on KRT
and incident number of PD and alternative modalities).
The IRSAD and Accessibility and Remoteness Index of
Australia were extracted from the ANZDATA registry;
The IRSAD score was categorized into 3 groups [1–3, 4–
6, and 7–10]. The follow-up period was categorized into
3 eras (2004–2009, 2010–2015, and 2016–2020). To
examine the impact of PD-associated peritonitis on HD
transfer, the following variables were also included:
the number of peritonitis episodes, causative organism,
antibiotic regimen, antifungal therapy administration,
PD modality at the time of infection (APD/CAPD), and
the outcomes of PD peritonitis as defined by the In-
ternational Society for Peritoneal Dialysis guidelines,
including cure, refractory peritonitis, relapsed perito-
nitis, repeat peritonitis, recurrent peritonitis, PD
catheter removal, transfer to HD, peritonitis-related
death (cause of death), and hospital length-of-stay.25
1486
Primary Outcome

The primary outcome was the uptake of PD as the first
KRT modality registered in ANZDATA among persons
identified in the registry as Aboriginal and Torres
Strait Islander people.

Secondary Outcomes

The secondary outcomes were to describe the patient-
level and modality-level outcomes of Aboriginal and
Torres Strait Islander people whose first KRT modality
was PD. To do this, we examined patient survival,
duration of PD modality, and cause of transfer to
alternative KRT. We specifically examined peritonitis
rate, time to first peritonitis, and peritonitis outcomes
(medical cure, relapse, recurrence, peritonitis-
associated PD catheter removal, peritonitis-associated
HD transfer, peritonitis-associated death, and
peritonitis-associated hospitalization). Medical cure
was defined as complete resolution of peritonitis with
none of the following complications: relapse or recur-
rent peritonitis, catheter removal, transfer to HD
for $30 days, or death.25 Refractory peritonitis was
defined as an episode with persistently cloudy bags or
persistent dialysis effluent leukocyte count 100/ml after
5 days of appropriate antibiotic therapy.25 Recurrent
peritonitis was defined as a peritonitis episode that
occurred within 4 weeks of completion of treatment of
a prior episode but with a different organism.25 Re-
lapsing peritonitis was defined as a peritonitis episode
that occurred within 4 weeks of completion of treat-
ment of a prior episode with the same organism or 1
sterile (culture negative) episode (i.e., specific organism
followed by the same organism, culture-negative fol-
lowed by a specific organism or specific organism fol-
lowed by culture negative).25 Repeat peritonitis refers
to an episode that reoccurs more than 4 weeks after the
completion of treatment of a prior episode with the
same organism. Peritonitis-associated catheter removal
was defined as the removal of a PD catheter as part of
treating an active peritonitis episode.25 Peritonitis-
associated HD transfer was defined as a transfer from
PD to HD for any period as part of the treatment for a
peritonitis episode.25 Peritonitis-associated death was
defined as death occurring within 30 days of onset or
death during hospitalization due to peritonitis.
Peritonitis-associated hospitalization was defined as
hospitalization precipitated by the occurrence of peri-
tonitis for the purpose of peritonitis treatment
delivery.25

Statistical Analysis

The results were expressed as frequency and percent-
ages for categorical variables, mean�SD for normally
distributed continuous variables, and median (IQR) for
Kidney International Reports (2024) 9, 1484–1495
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nonnormally distributed continuous variables. Differ-
ences between categorical variables were assessed with
the chi-square test, parametric continuous variables
with the t-test, and nonparametric continuous variables
with the Mann-Whitney U and Kruskal-Wallis tests.
Multivariable logistic regression analysis assessed var-
iables associated with PD uptake. The hazards of time-
to-first peritonitis was evaluated by Nelson–Aalen’s
cumulative hazard function. A log-rank test assessed
the difference between the groups. The predictors
associated with peritonitis risk were assessed by
multivariable Poisson regression modelling. Multivari-
able competitive risk regression modelling examined
patient survival (competing events such as kidney
transplant, HD transfer, and recovery of kidney func-
tion) and HD transfer (competing events such as death,
kidney transplant, and recovery of kidney function).
The variables with significantly missed data (more than
20%) were excluded from regression modelling. Re-
sults are presented as either sub-hazard ratios (sub-
HRs, analogous to hazard ratios from Cox regression
model) from competing risk survival models, IRR for
the Poisson regression model, or odds ratio (OR) from
multivariable logistic regression models, with 95% CI.
All statistical analyses were performed using the
STATA software package (version 15.0; STATA Corp
LD, College Station, TX). P-values less than 0.05 were
considered statistically significant.
RESULTS

Of 4604 Aboriginal and Torres Strait Islander people
commencing KRT in Australia between January 1, 2004
and December 31, 2020, PD was the initial modality in
14.4% (n ¼ 665) (Aboriginal 93%, n ¼ 619 and Torres
Strait Islanders, 7%, n ¼ 46). At commencement, CAPD
(as compared to APD) was the more common form of PD
(CAPD 69.8%, APD 30.2%; Supplementary Figure S1).
State-wise, Northern Territory, Queensland, and
Western Australia each recorded over 1000 Aboriginal
and Torres Strait Islander people commencing KRT
(n ¼ 1391, 1178 and 1017, respectively), with the
highest proportion who started PD at the commence-
ment of KRT were recorded in Queensland, Western
Australia, and Northern Territory, respectively
(22.4%, 13.3%, and 5.8%, respectively) (Table 1).

At the commencement of KRT, Aboriginal and
Torres Strait Islander people commencing PD
(compared to Aboriginal and Torres Strait Islander
people commencing other KRT) were older, had a lower
BMI, had higher RKF, were more likely to start KRT in
an earlier era, were more likely to have lower IRSAD
score, were less likely to be referred to a nephrologist
late, were less likely to be living in a remote area, and
Kidney International Reports (2024) 9, 1484–1495
were less likely to have diabetes mellitus as comor-
bidity or a cause of their kidney failure (Table 1).

PD Uptake

PD uptake was 17.2% in 2004 to 2009 but progres-
sively decreased to 12.7% in 2016 to 2020 among
Aboriginal and Torres Strait Islander people. In
contrast, facility HD increased from 82.6% to 85.8%
over the same time (Figure 1). PD uptake has not
increased correspondingly with escalating KRT de-
mands among Aboriginal and Torres Strait Islander
people (Figure 2) and other ethnicities (Supplementary
Figure S2).

Using multivariable logistic regression analysis
(Table 2), PD uptake by Aboriginal and Torres Strait
Islander people was independently associated with
lower BMI (OR, 0.97 [95% CI, 0.96–0.99]; P ¼ 0.001),
absence of diabetes (type 1: OR, 0.37 [95%CI, 0.15–0.84],
P¼ 0.03; type 2: OR, 0.63 [95%CI, 0.43–0.89],P¼ 0.01),
hepatitis C (negative) (OR, 2.47 [95% CI, 1.03–5.94], P¼
0.04), early referral (OR, 2.42 [95% CI, 1.84–3.20], P <
0.001), earlier era (2010–2015: OR, 0.63 [95% CI, 0.49–
0.82], P < 0.001; 2016–2020: OR, 0.59 [95% CI, 0.46–
0.76], P< 0.001; Ref: 2004–2009), lower IRSAD (score 1–
3:OR, 1.78 [95%CI, 1.27–2.49],P¼ 0.001; score 4–6:OR,
1.69 [95% CI, 1.17–2.41], P ¼ 0.005; Ref: score 7–10),
remoteness (major city center: OR, 1.05 [95% CI, 0.77–
1.49],P¼ 0.76; regional centers: OR, 0.57 [95%CI, 0.43–
0.76], P < 0.001; Ref: remote centers), and States
(Northern Territory: OR, 0.15 [95% CI, 0.11–0.22], P <
0.001; SouthAustralia: OR, 0.26 [95%CI, 0.15–0.44],P<
0.001; Western Australia: OR, 0.40 [95% CI, 0.30–0.53],
P < 0.001; Ref: Queensland).

PD Peritonitis

During the study period, Aboriginal and Torres Strait
Islanders recorded 1105 episodes of peritonitis in 413
individuals, a median of 3 peritonitis episodes per pa-
tient (IQR, 2–5). The crude peritonitis rate was 0.53
(95% CI, 0.50–0.56] episodes per patient-years There
was no statistically significant difference in the crude
peritonitis rates over time (2004–2009: IRR, 0.56 [95%
CI, 0.51–0.61]; 2010–2015: IRR, 0.49 [95% CI, 0.45–
0.55]; and 2016–2020: IRR, 0.52 [95% CI, 0.45–0.60] per
patient-years, respectively (relative risk, 0.95, [95% CI,
0.87–1.03], P ¼ 0.17).

Multivariable Poisson regression modelling of the
risk of peritonitis showed a lower risk of peritonitis in
later eras (2010–2015: IRR, 0.90 [95% CI, 0.76–1.07],
P ¼ 0.23; and 2016–2020: IRR, 0.63 [95% CI, 0.52–
0.77], P # 0.001; Ref: 2004–2009) (Table 3).

The median time to first peritonitis among Aborig-
inal and Torres Strait Islanders was 1.1 years (IQR,
0.46–2.13). Era-wise median times to first peritonitis
1487



Table 1. Baseline demographic and clinical characteristics of Aboriginal and Torres Strait Islander people starting kidney replacement therapy
Variables Peritoneal dialysis Other KRT All

665 (14.4) 3939 (85.6) 4604 (100) P-value

Age, yr 52.4 � 12.7 51.6 � 11.8 51.7 � 11.9 0.05

Male sex 314 (47.2) 1746 (44.3) 2060 (44.7) 0.17

BMI 28.5 � 5.8 29.3 � 7.7 29.2 � 7.5 0.004

Smoking status 0.54

Current 181 (27.2) 1072 (27.2) 1253 (27.2) 0.50

Former 237 (35.6) 1298 (32.9) 1535 (34.2) 0.21

Causes of kidney failure <0.001

Diabetes mellitus 414 (62.3) 2777 (70.5) 3191 (69.3) 0.0004

Glomerular disease 99 (14.9) 419 (10.6) 518 (11.2) 0.11

Hypertensive kidney disease 61 (9.2) 266 (6.7) 327 (7.10) 0.68

ADPKD 6 (0.90) 20 (0.51) 26 (0.56) 0.32

Reflux nephropathy 12 (1.8) 48 (1.2) 60 (1.3) 0.43

Others 73 (10.9) 409 (10.4) 482 (10.5) 0.45

Comorbidities

Cardiovascular disease 220 (33.1) 1258 (31.9) 1478 (32.1) 0.36

Cerebrovascular disease 57 (8.6) 351 (8,9) 408 (8.9) 0.47

Chronic lung disease 67 (10.1) 556 (14.1) 623 (13.5) 0.18

Peripheral vascular disease 102 (15.3) 655 (16.6) 757 (16.4) 0.37

Diabetes mellitus <0.001

Type 1 11 (1.7) 95 (2.4) 106 (2.3) 0.44

Type 2 467 (70.2) 3132 (79.5) 3599 (78.2) <0.001

Hepatitis C (positive) 9 (1.4) 90 (2.3) 99 (2.2) 0.43

Kidney replacement therapy

Satellite / In-center hemodialysis 3900 (99.0)

Home hemodialysis 28 (0.71)

CAPD 464 (69.8)

APD 201 (30.2)

Kidney transplantation 11 (0.28)

Era 0.002

2004–2009 227 (34.1) 1089 (27.6) 1316 (28.6) 0.02

2010–2015 224 (33.7) 1374 (34.9) 1598 (34.7) 0.36

2016–2020 214 (32.2) 1476 (37.5) 1690 (36.7) 0.06

Late referral 97 (14.6) 922 (23.4) 1019 (22.1) 0.02

IRSAD 0.002

1–3 394 (59.2) 2024 (51.4) 2418 (52.5) 0.002

4–6 187 (28.1) 944 (23.9) 1131(24.6) 0.11

7–10 80 (12.0) 900 (22.8) 980 (21.3) 0.01

ARIA 0.004

Major city centers 121 (18.2) 596 (15.1) 717 (15.6) 0.38

Regional centers 245 (36.8) 1276 (32.4) 1521(33.0) 0.09

Remote centers 295 (44.4) 1996 (50.7) 2291(49.8) 0.02

State, n/N (%) <0.001

Northern Territory 80/1623 (4.9) 1311 (80.8) 1391 (85.7) <0.001

New South Wales 128/13651 (0.94) 405 (2.9) 533 (3.9) 0.10

Victoria 28/10752 (0.26) 138 (1.3) 166 (1.5) 0.31

Queensland 264/8811 (3.0) 914 (10.4) 1178 (13.4) <0.001

South Australia 21/3215 (0.65) 250 (7.8) 271 (8.4) 0.11

Western Australia 135/4890(2.8) 882 (18.0) 1017 (20.8) <0.001

Tasmania 2/842 (0.24) 13 (1.5) 15 (1.8) 0.44

Australian capital territory 7/962 (0.73) 26 (2.7) 33 (3.4) 0.38

Residual urine volume,a median (IQR) 1.0 (0.6–1.7) 0.8 (0.2–1.6) 1.0 (0.5–1.7) 0.5

Residual kidney function,b median (IQR) 36.8 (12.9–66.2) 21.5 (2.7–42.2) 31.9 (9.5–59.3) <0.001

(), %; �, SD from mean; ADPKD, autosomal dominant polycystic kidney disease; ARIA, accessibility and remoteness index of Australia; BMI, body mass index; IRSAD, index of relative
socio-economic advantage and disadvantage; IQR, interquartile range; KRT, kidney replacement therapy; n, patients on PD or alternate therapy; N, total prevalent KRT patients in the
State
aResidual urine volume (L/d)
bAt the commencement of KRT,bResidual kidney function (L/wk) ¼ creatinine clearance

CLINICAL RESEARCH A Hayat et al.: Aboriginal and Torres Strait Islander People
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Figure 1. First kidney replacement therapy by era in Aboriginal and Torres Strait Islander people. APD, automated peritoneal dialysis; CAPD,
continuous ambulatory peritoneal dialysis; HD, hemodialysis.
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among Aboriginal and Torres Strait Islander people
were 1.12 years (IQR, 0.43–2.25) in 2004 to 2009, 1.37
years (IQR, 0.48–2.35) in 2010 to 2015, and 0.99 years
(IQR, 0.45–1.73] in 2016 to 2020 years (P ¼ 0.03)
(Figure 3).

Peritonitis was culture-negative in 16.1% (n ¼ 187)
episodes, and Staphylococcus epidermidis was the most
common organism isolated in 12.4% (n ¼ 144) perito-
nitis episodes (Supplementary Table S2).

Vancomycin coadministered with gentamicin was
the most common antibiotic combination prescribed in
54% (n ¼ 534) episodes, followed by cefazolin coad-
ministered with gentamicin in 18% (n ¼ 178) perito-
nitis episodes (Supplementary Table S3). Antifungal
prophylaxis was coadministered in 45.6% (n ¼ 503) of
peritonitis episodes. Of the 1105 episodes of peritonitis
recorded during the study period, medical cure was
achieved in 78.4% (n ¼ 866) episodes, recurrent peri-
tonitis occurred in 2.4% (n ¼ 27) episodes, and re-
lapsing peritonitis in 3.7% (n ¼ 41) episodes.
Figure 2. Kidney replacement therapy and peritoneal dialysis uptake by
dialysis; KRT, kidney replacement therapy.

Kidney International Reports (2024) 9, 1484–1495
The proportion of peritonitis cured by medical
treatment alone decreased in the more recent era of
2016 to 2020 at 70.8% (n ¼ 131), compared to 80.0% in
2004 to 2009 (n ¼ 435) and 79.4% in 2010 to 2015 (n ¼
300) (P < 0.001). In contrast, the rates of recurrent and
relapsing peritonitis have increased in the later era
(1.3% [n ¼ 7] and 1.5% [n ¼ 8] in 2004–2009; 3.5%
[n ¼ 13] and 5.0% [n ¼ 19] in 2010–2015; and 3.8%
[n ¼ 7] and 7.6% [n ¼14] in 2016–2020, respectively).

Peritonitis resulted in overnight hospitalization in
2.7% (n ¼ 30) episodes, with 37% (n ¼ 411) admitted
for more than a day. The median duration of hospi-
talization was 6 days (IQR, 3–10).

PD catheter was removed in 8.1% (n ¼ 197) episodes
due to peritonitis, with an increase in PD catheter
removal rates in recent eras (2004–2009: 17.9% [n ¼
96]; 2010–2015: 17.0% [n¼ 63]; and 2016–2020: 21.1 %
[n ¼ 38]). Peritonitis resulted in permanent HD transfer
in 17.0% (n ¼ 185) episodes, with higher HD transfer
rates due to peritonitis in the later era; (2004–2009: n ¼
year in Aboriginal and Torres Strait Islander people. PD, peritoneal
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Table 2. Multivariable logistic regression modelling of odds of
peritoneal dialysis as the first kidney replacement therapy compared
to alternative modalities in Aboriginal and Torres Strait Islander
people
Variables Odds ratio 95% CI P-value

Age, yr 1.00 0.99–1.01 0.99

Male sex 0.97 0.79–1.19 0.77

BMI 0.97 0.96–0.99 0.001

Current smokers 0.87 0.67–1.14 0.33

Causes of kidney failure 0.99

Diabetes mellitus 1

Glomerular disease 1.12 0.75–1.67 0.55

Hypertensive kidney disease 1.17 0.74–1.85 0.49

ADPKD 1.03 0.33–3.22 0.95

Reflux nephropathy 0.87 0.37–2.04 0.76

Others 1.06 0.71–1.59 0.76

Diabetes 0.56 0.42–0.75 <0.001

Type 1 0.37 0.15–0.84 0.03

Type 2 0.63 0.43–0.89 0.01

Comorbidities

Cardiovascular disease 1.09 0.86–1.38 0.44

Cerebrovascular disease 0.79 0.54–1.17 0.25

Chronic lung disease 0.66 0.46–0.93 0.02

Peripheral vascular disease 0.85 0.64–1.14 0.30

Hepatitis C (Negative) 2.48 1.03–5.94 0.04

Era 0.002

2004–2009 1

2010–2015 0.63 0.49–0.82 <0.001

2016–2020 0.59 0.46–0.76 <0.001

Early referral 2.42 1.84–3.20 <0.001

IRSAD <0.001

1–3 1.78 1.27–2.49 0.001

4–6 1.69 1.17–2.41 0.005

7–10 1

Remoteness <0.001

Major city centers 1.05 0.77–1.49 0.76

Regional centers 0.57 0.43–0.76 <0.001

Remote centers 1

State <0.001

Tasmania 0.78 0.15–3.70 0.73

Northern Territory 0.15 0.11–0.22 <0.001

New South Wales 1.02 0.73–1.43 0.91

Victoria 0.83 0.50–1.38 0.47

Queensland 1

South Australia 0.26 0.15–0.45 <0.001

Western Australia 0.40 0.30–0.54 <0.001

Australian Capital Territory 1.27 0.43–3.68 0.66

ADPKD, autosomal dominant polycystic kidney disease; ARIA¼ accessibility and
remoteness index of Australia; BMI, body mass index; CI, confidence interval; IRSAD,
socio-economic advantage and disadvantage.

Table 3. Poisson regression modelling of risk of peritonitis in
Aboriginal and Torres Strait Islander people
Variables IRR 95% CI P-value

Age, yr 1.00 0.99–1.01 0.48

Male sex 0.96 0.83–1.12 0.62

BMI 0.99 0.98–1.01 0.92

Current smokers 1.05 0.88–1.28 0.56

Causes of kidney failure 0.93

Diabetes mellitus 1.00

Glomerular disease 1.11 0.84–1.48 0.44

Hypertensive kidney disease 1.10 0.79–1.52 0.56

ADPKD 1.21 0.72–2.04 0.47

Reflux nephropathy 1.24 0.66–2.32 0.50

Others 1.05 0.79–1.39 0.74

Diabetes 0.89

Type 1 1.20 0.60–2.31 0.57

Type 2 1.06 0.82–1.37 0.65

Comorbidities

Cardiovascular disease 0.91 0.77–1.08 0.30

Cerebrovascular disease 0.89 0.65–1.22 0.47

Chronic lung disease 0.91 0.71–1.18 0.50

Peripheral vascular disease 1.07 0.90–2.64 0.11

Hepatitis C (negative) 0.78 0.41–1.51 0.47

Era <0.001

2004–2009 1

2010–2015 0.90 0.76–1.07 0.23

2016–2020 0.63 0.52–0.77 <0.001

Late referral 0.89 0.72–1.12 0.34

IRSAD 0.86

1–3 1.00

4–6 1.01 0.77–1.32 0.62

7–10 1.03 0.72–1.05 0.17

Remoteness

Major city centers 1 0.23

Regional centers 0.93 0.72–1.22 0.62

Remote centers 0.87 0.72–1.06 0.17

State 0.84

Tasmania -

Northern Territory 1.00

New South Wales 0.97 0.69–1.35 0.86

Victoria 0.87 0.54–1.40 0.57

Queensland 1.05 0.82–1.34 0.68

South Australia 0.96 0.53–1.71 0.89

Western Australia 1.00 0.77–1.28 0.93

Australian Capital Territory 0.89 0.34–2.34 0.82

ADPKD, autosomal dominant polycystic kidney disease; BMI, body mass index; CI,
confidence interval; IRR, incidence rate ratio; IRSAD, socio-economic advantage and
disadvantage.
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90 [16.8%]; 2010–2015: n ¼ 59 [16%]; and 2016–2020:
n ¼ 36 [19.6%]).

The most common organisms leading to PD catheter
removal were Gram-negative organisms (n ¼ 46, 23%),
and most patients were on CAPD (n ¼ 339, 50.8%),
compared to APD (n ¼ 313, 48.3%) (P ¼ 0.26).
Peritonitis-related death occurred in 2.8% (n ¼ 28)
episodes. Out of 28 deaths related to PD peritonitis,
28.6% (n ¼ 8) were culture-negative, 21.4% (n ¼ 6)
1490
yielded Gram-positive organisms, and 17.9% (n ¼ 5)
yielded Gram-negative organisms.
HD Transfer

Among Aboriginal and Torres Strait Islander people
starting PD as a first KRT, 366 (55%) transferred to HD.
The crude HD transfer rate was 28.9 (95% CI, 26–32)
per 100 patient-years. The median time to HD transfer
was 1.42 years (IQR 0.60–2.57). Crude HD transfer rates
decreased over time from 32.1 (95% CI, 27.3–37.6] in
2004 to 2009; 28.1 (95% CI, 23.7–33.2) in 2010 to 2015,
Kidney International Reports (2024) 9, 1484–1495



Log-rank test, p=0.02

Figure 3. Nelson-Aalen cumulative hazard plot of time to first peritonitis by era in Aboriginal and Torres Strait Islander people.
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and 25.4 (95% CI, 20.3–31.7) in 2016 to 2020, per 100
patient-years (relative risk 0.89, P ¼ 0.08).

The competing risk regression model observed that
HD transfer was independently associated with
younger age (sub-HR, 0.99 [95% CI, 0.97–0.99]; P ¼
0.02) and earlier era (2004–2009: sub-HR, 1.63 [95%
CI, 1.16–2.30], P ¼ 0.005; 2010–2015: sub-HR, 1.53
[95% CI, 1.08–2.19], P ¼ 0.02; Ref: 2016–2020)
(Table 4).
Patient Survival

During the study, 20.8% (n ¼ 151) of Aboriginal and
Torres Strait Islander people whose first KRT was PD
died. The median survival was 2.1 years (IQR, 0.92–3.1)
with a crude death rate 12.2 per 100 patient-years (95%
CI, 10.5–14.4). The primary cause of death was car-
diovascular disease (n ¼ 54, 34.6%). Compared to PD,
44.9% (n ¼ 1770) of Aboriginal and Torres Strait
Islander people who started with alternative KRT died.
The primary cause of death was also cardiovascular
disease (n ¼ 640, 36.2%), and the median time to death
was 3.2 years (IQR, 1.4–6.2).

Using multivariable competing risk regression
modelling, death was independently associated with
older age (sub-HR, 1.04 [95% CI, 1.02–1.06], P< 0.001),
with diabetes mellitus (sub-HR, 2.10 [95% CI, 1.12–
3.95], P ¼ 0.02), with causes of kidney failure (glomer-
ulonephritis: sub-HR, 0.34 [95% CI, 0.11–0.98], P ¼
0.05; and reflux nephropathy: sub-HR, 0.01 [95% CI,
0.01–0.01], P < 0.001; Ref: diabetic nephropathy), with
earlier era (2004–2009: sub-HR, 1.91 [95% CI, 1.0–3.66],
P¼ 0.05; 2010–2015: sub-HR, 1.67 [95% CI, 0.88–3.15],
P ¼ 0.11; Ref: 2015–2020), and with State territories
(Tasmania: sub-HR, 0.01 [95% CI, 0.01–0.01], P< 0.001;
Australian Capital Territory: sub-HR, 0.01 [95% CI,
0.01–0.01], P < 0.001; Ref: Northern Territory)
(Supplementary Table S4).
Kidney International Reports (2024) 9, 1484–1495
DISCUSSION

This registry-based study examined PD uptake and
outcomes among Aboriginal and Torres Strait Islander
people from 2004 to 2020. The key findings were a
statistically significant decline in PD uptake from
17.2% to 12.7%, with a reciprocal increase in facility
HD from 83% to 86% between 2004 and 2009 and
between 2016 and 2020. Although a minimal decrease
in PD peritonitis rates was noted in Aboriginal and
Torres Strait Islanders over the past 2 decades, this
remains much higher than the International Society for
Peritoneal Dialysis standards. This study further re-
ports a statistically significant decline in the rates of
medical cure of peritonitis from 80% to 71% in the
recent era (2016–2020), with an increase in relapsing
and recurrent peritonitis rates resulting in permanent
HD transfer.

The current study noted that low socioeconomic
status, regional centers, late referral, diabetes, higher
BMI, and some Australian states (Northern Territory,
South Australia, and Western Australia) were associ-
ated with reduced PD uptake among Aboriginal and
Torres Strait Islander people. Multiple factors have
been associated with poor PD uptake, including
disinterest in home-based therapies,26 burden on fam-
ily members, lack of confidence in the quality of PD
care, fear of peritonitis,27 patient burnout,28 and
inadequate educational programs to support patients
choosing their treatment modality.29-31 Insufficient PD
training for nephrology fellows32 and less experienced
PD centers hinder PD initiation and retention.33 It is
plausible that some of these factors might have played a
pivotal role in reducing PD uptake among Aboriginal
and Torres Strait Islander people. Furthermore, this
study suggests Aboriginal and Torres Strait Islander
people living remotely are not pursuing PD, possibly
related to late referral, lack of PD education programs,
1491



Table 4. Multivariable competing risk regression model of transfer
to hemodialysis in Aboriginal and Torres Strait Islander people
starting kidney replacement therapy
Variables Sub-HR 95% CI P-value

Age, yr 0.99 0.97–0.99 0.02

Male sex 0.88 0.68–1.13 0.33

BMI 1.02 0.99–1.04 0.12

Current smokers 1.07 0.79–1.46 0.65

Causes of kidney failure 0.78

Diabetes mellitus 1

Glomerular disease 1.08 0.68–1.70 0.74

Hypertensive kidney disease 1.07 0.65–1.75 0.79

ADPKD 1.58 0.52–4.80 0.42

Reflux nephropathy 0.82 0.35–1.91 0.65

Others 1.19 0.71–2.01 0.73

Diabetes 1.30 0.87–1.97 0.20

Type 1 0.86 0.20–3.72 0.88

Type 2 1.32 0.88–1.98 0.18

Comorbidities

Cardiovascular disease 1.07 0.79–1.45 0.64

Cerebrovascular disease 0.98 0.55–1.72 0.94

Chronic lung disease 1.21 0.79–1.88 0.38

Peripheral vascular disease 0.87 0.59–1.25 0.42

Hepatitis C (negative) 1.07 0.44–2.63 0.87

Era 0.01

2004–2009 1.63 1.16–2.30 0.005

2010–2015 1.53 1.08–2.19 0.02

2016–2020 1

Late referral 0.92 0.63–1.34 0.67

IRSAD 0.26

1–3 1

4–6 1.13 0.84–1.51 0.43

7–10 1.17 0.73–1.88 0.50

Remoteness 0.12

Major city centers 1

Regional centers 1.04 0.70–1.54 0.85

Remote centers 1.26 0.81–1.95 0.30

State 0.40

Tasmania 3.31 1.00–10.81 0.05

Northern Territory 1

New South Wales 1.21 0.72–2.00 0.46

Victoria 1.00 0.51–1.96 0.99

Queensland 0.80 0.53–1.21 0.29

South Australia 0.60 0.27–1.33 0.21

Western Australia 0.91 0.57–1.44 0.68

Australian Capital Territory 3.08 0.93–10.09 0.06

ADPKD, autosomal dominant polycystic kidney disease; BMI, body mass index; CI,
confidence interval; IRR, incidence rate ratio; IRSAD, socio-economic advantage and
disadvantage; sub-HR, subhazard ratio.
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infrastructure shortages, low staff level PD experience,
and fear of peritonitis.

Although adjusted peritonitis rates decreased over
time (using multivariable regression modelling), crude
peritonitis rates remain consistently and appreciably
above the target benchmark of 0.4 episodes per patient-
year recommended by International Society for Peri-
toneal Dialysis.25 The decrease in peritonitis rates in
Aboriginal and Torres Strait Islanders is lower than
that for the overall Australian PD population (which
1492
has decreased by more than two-thirds simulta-
neously).34 Better understanding the cause, addressing
factors promoting infection burden, and consulting the
community to implement acceptable and evidence-
informed strategies will be important.

Improvements in PD training, techniques, equipment,
prophylaxis, and early treatment of infectious complica-
tions of PD35,36 have substantially decreased PD-
associated peritonitis rates globally over the years. How-
ever, higher PD peritonitis rates continue to be associated
with Black race,37 Aboriginal race,38 diabetes,39-41

obesity,38,42 hypoalbuminemia,41,43 and lack of RKF.40

Modifiable factors are present and associated with
less-than-optimal outcomes among Aboriginal and
Torres Strait Islander patients in the more recent era of
2016 to 2020 (and likely also explained in minoritized
communities internationally). Poor outcomes in pa-
tients on PD are associated with suboptimal patient
selection, social factors, patient literacy, prophylaxis
and early treatment of PD-related infections, clinical
governance, patient support, and adherence to profes-
sional standards.44,45 Multiple studies and community
voices have identified Aboriginal and Torres Strait
Islander people with CKD as having experienced
institutional racism in their health care. Furthermore,
the intergenerational and intragenerational trauma of
colonization, including the role of health care pro-
fessionals in dislocating children from their parents due
to the implementation of bad policy, is recognized to
impact Aboriginal and Torres Strait Islanders’ access
and trust in mainstream health services.46

Broadly, to improve PD-related outcomes, it is
important that health services are redesigned to be First
Nations-led to address institutional racism and other
effects of ongoing colonization faced by Aboriginal and
Torres Strait Islander people accessing health services.
Rigid mainstream health services contribute to the
disparity in health outcomes for Aboriginal and Torres
Strait Islander people on dialysis. Empowering
Aboriginal and Torres Strait Islander people commu-
nities to incorporate dialysis services within
community-controlled health services aligns with the
“Well-being model” for Aboriginal and Torres Strait
Islander people living with chronic diseases that “Well-
being is supported by best-practice care that addresses
the particular needs of the community.”47

We recommend a comprehensive evaluation of cur-
rent models of care and consideration of direct clinical
resourcing, intervention, and support. This is achiev-
able by developing culturally appropriate high quality
PD programs; and implementing targeted efforts to
improve PD-related outcomes, including reinforcing
PD-related education in PD techniques, preventing and
timely treating PD-related infections, and rectifying
Kidney International Reports (2024) 9, 1484–1495
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social disparities contributing to poor outcomes.
Strengthening and establishing formal partnerships
with Aboriginal and Torres Strait Islander working
groups, sharing and access to data information, shared
decision-making, and having Aboriginal and Torres
Strait Islander-led KRT programs will bolster the trust
and confidence in the system, enabling them to make
informed decisions.

The strengths of this study lie in its large size and
inclusion of all patients on incident PD in Australia and
New Zealand during the study period. The study
provided a detailed analysis of its association through
multivariable competing-risk modelling. Despite these
strengths, the registry data was limited by a lack of
collected information on many demographics (prox-
imity of patients’ residence to the dialysis unit and
family support), clinical (e.g., RKF and comorbid con-
ditions, dialysis parameters), and laboratory variables.
Individual unit management protocols and training
practices, use of disconnect systems, catheter type, and
the timing between catheter insertion and therapy start
were also unavailable. Residual confounding, coding or
reporting bias cannot be excluded. The reliance on
registry variables cannot contextualize the sociopoliti-
cal environments of the local health services, and lower
IRSAD among Aboriginal and Torres Strait Islander
people has been an intentional outcome of racism and
colonization in Australia. For a similar reason, we did
not think it relevant to compare our results with other
Australian ethnic groups due to marked social ineq-
uity. In addition, none of the variables collected were
specific to Aboriginal and Torres Strait Islander people.
Finally, there is a risk of lead-time bias when
comparing outcomes among different eras, as each had
different lengths of follow-up periods.

CONCLUSION

PD uptake has recently decreased among Aboriginal and
Torres Strait Islander people, who often reside in remote
and regional communities where home-based dialysis is
advantageous. In addition, outcomes remain poor and
unacceptable compared to international standards. Is-
sues underpinning these problems are likely significant,
from distrust, reducing PD expertise and fear of failure,
and needs further research. Community-led champions
supported by field experts must address these barriers
through education, training, and supportive care to
demonstrate the ability to succeed and instill confidence
and reassurance in end-users.
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