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Introduction: Aboriginal and Torres Strait Islander peoples (hereafter respectfully termed Indigenous

Australians) experience a 3-fold increased risk of acute rejection after transplantation compared to non-

Indigenous Australians. We investigated whether acute rejection explains the association between

Indigenous status, infection-related deaths, and all-cause deaths after kidney transplantation, and whether

acute rejection mediates the relationship between Indigenous status and overall graft loss.

Methods: This cohort study included all recipients who received their first kidney transplant between 2005

and 2018 in Australia, using data from the Australia and New Zealand Dialysis and Transplant registry.

Multivariable Cox regression models determined the associations between Indigenous status, graft loss,

infection-related deaths, and all-cause deaths. Mediation analyses examined if acute rejection mediated

these relationships. Primary outcome was infection-related death. Secondary outcomes included all-cause

death and overall graft loss.

Results: There were 9993 patients (n ¼ 390 (3.9%) Indigenous Australians) who received a kidney trans-

plant between 2005 and 2018, and they were followed-up with for 56,876 patient-years. A total of 1165 died

(12%) (211 infection-related deaths) and 1957 (20%) lost their allografts. Compared with non-Indigenous

recipients, the adjusted hazard ratio (HR) (95% confidence interval [CI]) for graft loss, infection-related

deaths and all-cause deaths among Indigenous Australians were 2.27 (1.90–2.71), 3.01 (1.90–4.77) and

2.36 (1.89–2.94), respectively. The mediation analysis showed the association between Indigenous status

and graft loss (but not infection-related death or all-cause death) was partially mediated by acute rejection

(1.06 [1.03–1.09]), and the proportion of effects mediated by acute rejection was 0.10.

Conclusion: Indigenous Australians experienced a higher risk of graft loss, a relationship mediated

partially through acute rejection. The higher risk of infection-related death was independent of acute

rejection.
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ndigenous Australians are disproportionately
affected by kidney failure, with an incidence almost

7 times greater than non-Indigenous people in
Australia.1 Kidney transplantation is the preferred
treatment modality for most patients with kidney
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failure because it confers a survival advantage and im-
proves quality of life compared to maintenance dial-
ysis.2,3 Yet, Indigenous Australians are less likely to
be included in the deceased donor transplant waiting
list and less likely to receive a kidney transplant after
listing,4 a disparity which cannot be adequately
explained by patient-related or disease-related factors,
such as age, sex, comorbidities, or cause of kidney dis-
ease.4,5 Even with transplantation, disparate outcomes
are observed, with the overall risk of graft loss and
mortality at least 4 times higher among Indigenous
Australians, compared to non-Indigenous Australians.6
2495

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
https://doi.org/10.1016/j.ekir.2022.08.027
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:catherine.zheng@sydney.edu.au
mailto:catherine.zheng@sydney.edu.au
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ekir.2022.08.027&domain=pdf


CLINICAL RESEARCH C Zheng et al.: Acute Rejection Postkidney Transplantation in Indigenous Australians
The contributing risk factors are likely to be multifac-
torial and may include social determinants of health,
access to culturally appropriate care, institutional
racism and differences in vascular risk burden, and
immunological compatibility between donor and recip-
ients.4,7-11

The current Australian deceased donor allocation al-
gorithm prioritizes recipients who are highly sensitized
with maximum panel reactive antibody between 95%
and 99%. This is followed by optimal human leukocyte
antigen (HLA)-A, B, and DR matching in recipients with
lower expected post-transplant survival scores. Indige-
nous Australians living with kidney transplants have
dissimilar HLA types compared to non-Indigenous Aus-
tralians,12-14 and therefore are less likely to receive HLA-
compatible donor kidneys sourced predominantly from
European Australians. Without a favorable HLA profile,
Indigenous Australians spend longer time on dialysis
before receiving a transplant.15 The unfavorable HLA
matchingmay alsopredispose IndigenousAustralians to a
3-fold greater risk of severe rejection such as vascular and
antibodymediated rejection compared to non-Indigenous
Australians.6 Treatment of these severe rejection episodes
often requires intensive additional immunosuppressiives
such as T and B cell depleting agents. There is evidence
suggesting that these interventions may increase the risk
of fatal opportunistic infections, and consequently pre-
mature death.6,16-19 Various studies have shown that the
risk of infection-related death among Indigenous Aus-
tralians doubles that of non-IndigenousAustralians in the
general population.20,21

The primary objective of this study was to investi-
gate whether acute rejection explained some of the
association between Indigenous status, infection-
related deaths, and all-cause deaths. We also
confirmed the association between Indigenous status
and overall graft loss and determined whether acute
rejection mediated the relationship between Indigenous
status and overall graft loss in a national cohort of
kidney transplant recipients.
METHODS

Indigenous Community Involvement and Ethics

This project was cocreated by nephrologists with
extensive knowledge in working with Indigenous
transplant patients, with aims emerging from stake-
holder priorities. We sought input from the Australia
and New Zealand Dialysis and Transplant (ANZDATA)
Aboriginal and Torres Strait Islander Health Working
Group, and 1 coauthor, JTH was the Chair. Two co-
authors are themselves Indigenous, namely JTH who is
Torres Strait Islander and VS who is Aboriginal. The
project findings will be disseminated to local
2496
communities, including Aboriginal Medical Services,
Aboriginal health care workers, and the ANZDATA
Aboriginal and Torres Strait Islander Health Working
Group, in a holistic and culturally appropriate manner.
This study was approved by the University of Western
Australia Human Research Ethics Committee (datedMay
11, 2018, Ref: RA/4/20/4539). The design, conduct and
reporting are in accordance with the Strengthening the
Reporting of Observational studies in Epidemiology.22

Study Population

Using data from the ANZDATA registry, we included
all kidney transplant recipients who received their first
kidney transplants between 2005 and 2018 in
Australia. The ANZDATA collects data on consenting
(>99%) patients receiving kidney replacement therapy
in Australia and New Zealand. Its methods are
described at its website (http://www.anzdata.org.au).
Recipients who had received multiple organ allografts,
prior allografts, and kidney transplant recipients from
New Zealand were excluded (Figure 1).

Data Collection

We included baseline donor characteristics such as
donor age, sex, ethnicity, and source (living or
deceased); recipient characteristics such as age, sex,
ethnicity, comorbidities at time of transplant, primary
cause of kidney failure; and transplant-specific char-
acteristics such as HLA mismatches, panel reactive
antibody, total ischemic time, induction therapy, initial
immunosuppressive agents, and transplant era.

Recipient ethnicity is coded in the ANZDATA
registry as a self-reported variable. We have recoded
ethnicity into Indigenous Australian (if the recipient
identifies as Aboriginal and/or Torres Strait Islander)
and into non-Indigenous Australians for all other re-
cipients. In this analysis, we included all acute rejec-
tion episodes. Episodes of rejection (both late and
early) of the date of surgery have been collected by
the registry since 2004. For each episode, the treating
physician is asked to report whether the episode was
proven by a biopsy. Biopsies were processed locally
and interpreted by the local histopathologist. For
biopsy-proven episodes of rejection, the presence of
cellular, glomerular, and vascular rejection, as well as
the acute Banff indices were reported. If biopsies were
not performed, then the diagnosis of acute rejection
was defined based on clinical grounds (including
response to treatment). Because detailed treatment
data was not consistently reported, they were not
included in this study.23 The actual data reporting
form can be observed at the website of ANZDATA
(https://www.anzdata.org.au/wp-content/uploads/201
6/10/5AcuteRejectionForm2017.pdf).
Kidney International Reports (2022) 7, 2495–2504
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Figure 1. Directed acyclic graphs of the potential causal relationships between ethnicity and outcomes of interest (infection-related death, all-
cause death and overall graft loss). (M-O confounders, mediator-outcomes confounders).
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Outcomes

The primary outcome of this study was infection-
related death. The diagnoses of cause-specific death
were coded in the ANZDATA registry and cause of
death was assigned to infection (A00–B99) according to
the International Classification of Disease-10 for mor-
tality classification. Secondary outcomes included all-
cause death and overall graft loss (including allograft
loss and all-cause death).
Statistical Analysis

Baseline characteristics were expressed as number
(proportion), mean and SD, andmedian and interquartile
range, where appropriate. Comparison of baseline char-
acteristics by exposure groups (Indigenous and non-
Indigenous Australians) were undertaken using chi-
squared test, Analysis of Variance and Mann-Whitney
U test, respectively. Missing values (for all covariates)
were imputed using multiple chained equation using
fully conditional specification with the mice package
(version 3.6.0) for R (version 3.6.1, The R Foundation for
Statistical Computing, Vienna, Austria). A total of 421
data sets were imputed, and variables with missing data
were donor age (0.3% missing), donor sex (0.3%),
ethnicity of donor (1.16%), ethnicity of recipient (2.0%),
primary cause of kidney failure (1.5%), comorbidities at
transplant (1.5%) and HLA (1.5%). For donor age, we
used predictivemeanmatching for the imputation due to
its skewed distribution in this population. For other
categorical variables, imputation was done by logistic
regression (binary outcome) or ordinal logistic regression
(ordinal categorical with >2 levels). Significance levels
were set at P value of 0.05 and hypothesis tests were 2-
Kidney International Reports (2022) 7, 2495–2504
sided. We used the survival package24 in R version
4.0.3 (The R Foundation for Statistical Computing) for all
analyses except for the mediation analysis for which we
used the macro by Valeri and VanderWeele in SAS 9.4
(SAS Institute, Cary, NC).25
Survival Analyses

For the survival analyses, the follow-up times were
defined from the time of transplantation until the time
when the outcome of interest occurred. For infection-
related death, censoring occurred at other causes of
death, end of the follow-up period (December 31, 2018)
or loss to follow up. For overall graft loss (inclusive of
graft loss and all-cause death), censoring occurred at
the end of the follow-up period or at loss to follow up.
The proportion of transplant recipients free of the
events of interest was calculated using Kaplan-Meier
method.

Cox proportional hazard models were conducted to
assess the relationship between the exposure (Indige-
nous status) and the prespecified outcomes, including
infection-related death, all-cause death and overall
graft loss. All variables that had an association between
infection related death, all-cause death and overall graft
loss (that is, a change in the beta-coefficient by 10% or
more) were included in the multivariable analyses
(Supplementary Table S1). Five potential effect modi-
fiers between the exposure and other covariates was
assessed using 2-way interaction terms, which were
HLA mismatches, donor diabetes at time of transplant,
donor source (living vs. deceased), sex, and age of
recipient. However, no interactions were found. The
proportional hazards assumptions of all Cox models
2497



Patients who had not received a
previous kidney  transplant

n=9993

Included in complete cases
analyses
n=9572

ANZDATA registry
Patients who received a kidney

transplant from 2005-2018
n=11465

Recipients with missing
covariates or outcome measures

n=421

Recipients with prior transplants
n=1472

Figure 2. Flowchart of study participants in complete cases
analyses.

Table 1. Recipient characteristics of kidney transplant recipients
stratified by ethnicity between 2005 to 2018 (N ¼ 9993)

Characteristic

Nonindigenous
Australians n (%) (n [

9603)
Indigenous Australians
n (%) (n [ 390) P-values

Female 3457 (36.0) 175 (44.9) 0.046e

Age at transplant <0.001e

<30 yr 1254 54

31–50 yr 3275 187

>50 yr 5074 (52.8) 149 (38.2)

Ethnicity <0.001e

Aboriginal 0 (0.0) 373 (95.6)

Torres Strait Islander 0 (0.0) 17 (4.4)

Nonindigenous
Australian

9603 (100.0) 0 (0.0)

Index of Relative Socio-
economic Disadvantage

<0.001e

1 953 (9.9) 81 (20.8)

2–9 7223 (75.2) 282 (72.3)

10 922 (9.6) 5 (1.3)

Not reported 505 (5.3) 22 (5.6)

Diabetes 1724 (18.0) 182 (46.7) <0.001e

Peripheral vascular
disease

847 (8.8) 60 (15.4) <0.001e

Coronary artery disease 1675 (17.4) 115 (29.5) <0.001e

Cerebrovascular disease 529 (5.5) 33 (8.5) 0.023e

Lung disease 717 (7.5) 53 (13.6) <0.001e

Cause of kidney failure <0.001e

Glomerulonephritides 3898 (40.6) 136 (34.9)

Diabetes 1129 (11.8) 145 (37.2)

Cystic diseases 1550 (16.1) 8 (2.1)

Other 3031 (31.6) 101 (25.9)

Donor age 0.053

<30 yr 1299 (13.5) 65 (16.7)

31–50 yr 3560 (37.1) 153 (39.2)

>50 yr 4744 (49.4) 172 (44.1)

Donor type <0.001e

Live 3360 (35.0) 38 (9.7)

Deceased 6243 (65.0) 352 (90.3)

Donor ethnicity <0.001e

Caucasian 8563 (89.2) 349 (89.5)

Indigenous Australian 181 (1.9) 18 (4.6)

Other 769 (8.0) 19(4.9)

HLA-ABDR mismatchesa <0.001e

0 4174.3) 3 (0.8)

1–2 2575 (26.8) 57 (14.6)

3–4 3264 (34.0) 101 (25.9)

5–6 3347 (34.9) 229 (58.7)

Peak PRAb <0.001e

0–10% 8200 (85.4) 312 (80.0)

11–50% 949 (9.9) 48 (12.3)

>50% 454 (4.7) 30 (7.7)

Induction 0.16

None 1000 (10.4) 44 (11.3)

IL-2 receptor antibody 8212 (85.5) 321 (82.3)

T-cell depleting agents 391 (4.1) 25 (6.4)

Regimen <0.001e

Prednisone, MMFc,
Tacrolimus

7797 (81.2) 354 (90.8)

Prednisone, MMF,
Cyclosporin A

120 (1.2) 24 (6.2)

53 (0.6) 1 (0.3)
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were assessed by fitting log(time) dependent covariates
in the multivariable model and checked graphically by
plotting the Schoenfeld residuals. No variables devi-
ated from the proportional hazards assumption.

Mediation Analyses

A directed acyclic graph for the study showing the
potential causal relationship between Indigenous status
and outcomes is shown in Figure 2. We assessed (a) the
association between Indigenous status and acute
rejection, (b) the association between acute rejection
and outcomes using Cox regression models. We then
assessed the controlled direct effects (c) of Indigenous
status on the outcomes using a Cox-regression model.
Details of the mediation and sensitivity analyses are
included in supplementary methods.

RESULTS

Study Population

A total of 11,465 patients with kidney failure received a
kidney transplant (3398 deceased and 6595 living)
during the study period. Of these, 9993 patients
received their first kidney transplants, including 390
(3.8%) Indigenous Australians. Table 1 shows the
baseline characteristics stratified by Indigenous status.
Indigenous Australians were more likely to have
coexisting comorbidities at time of transplant,
(Continued on following page)
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Table 1. (Continued) Recipient characteristics of kidney transplant
recipients stratified by ethnicity between 2005 to 2018 (N ¼ 9993)

Characteristic

Nonindigenous
Australians n (%) (n [

9603)
Indigenous Australians
n (%) (n [ 390) P-values

Prednisone,
Azathioprine, CNId

Other 523 (5.5) 11 (2.8)

Acute rejection 2457 (25.6) 136 (34.9) <0.001e

CNI, calcineurin inhibitor; HLA, human leukocyte antigen; IL, interleukin; MMF, myco-
phenolate mofetil; PRA, panel reactive antibody.
aHuman leukocyte antigen A, B, DR mismatches.
bPanel reactive antibody.
cMycophenolate mofetil.
dCalcineurin inhibitor, e.g., Cyclosporin A, Tacrolimus.
eP < 0.05.
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including diabetes mellitus (47.0% vs. 18.0%), pe-
ripheral vascular disease (15.6% vs. 8.7%), lung dis-
ease (13.3% vs. 7.5%), cerebrovascular disease (8.4%
vs. 5.5%) and coronary artery disease (30.0% vs.
7.4%). A greater proportion were also highly sensitized
(panel reactive antibody >50%; 7.8% vs. 4.7%) and
they were more likely to receive 5 to 6 HLA-
mismatched kidneys (58.2% vs. 35.0%), compared to
their non-Indigenous counterparts. Similarly, the pro-
portion of Indigenous Australians who experienced
acute rejection was greater (34.7% vs. 25.6%) than
non-Indigenous Australians.
Causes of Infection-related Death

Within the study population, 211 patients (2.1%) died
of infection-related causes. The leading causes of in-
fections related deaths were bacterial (87/211, 41.2%)
followed by fungal infections (53/211, 25.1%)
(Supplementary Table S2). Lung and septicemia were
the 2 most common sources of infection (81/211, 38.4%
and 72/211, 34.1%, respectively) (Supplementary
Table S3).
Association Between Indigenous Status,

Infection-related Death, All-cause Death and

Overall Graft Loss

The Kaplan-Meier survival curves for these 3 outcomes
are shown in Figure 3. The 1-year and 5-year patient
survival (%) (95% CI) were 95.7 (93.6, 97.8) and 82.8
(78.8, 87.4) for Indigenous Australians and 98.1 (97.8,
98.4) and 92.2 (91.5, 92.8) for non-Indigenous Austra-
lians. The 1-year and 5-year graft survival (%) (95%
CI) were 92.5 (89.9, 95.3) and 69.5 (64.2,75.1) for
Indigenous Australians and 95.4 (95.0, 95.8) and
85.4(84.6,96.2) for non-Indigenous Australians. In the
multivariable-adjusted analyses, compared to non-
Indigenous Australians, Indigenous Australians expe-
rienced a higher risk of infection-related death (HR
Kidney International Reports (2022) 7, 2495–2504
[95% CI]): 3.01 (1.90–4.77), all-cause death: 2.36 (1.89–
2.94), and overall graft loss: 2.27 (1.90–2.71).
Mediation Analyses
Association Between Ethnicity and Acute Rejection

The median time to first acute rejection was 59 days
(interquartile range ¼ 286 days), with 44.5% of epi-
sodes of acute rejections occurring within the first
month post-transplant. Compared to non-Indigenous
Australians, the HR for acute rejection among Indige-
nous Australians (95% CI) was 1.48 (1.24–1.77).

Association Between Acute Rejection and

Infection-related Death, All-cause Death, and Overall

Graft Loss

Recipients who developed acute rejection were more
likely to experience infection-related death and all-
cause death compared to recipients who did not
experience acute rejection, adjusted for age, HLA
mismatches, baseline immunosuppression, induction
and panel reactive antibody [adjusted HRs (95% CI) of
1.36 (0.84–1.53) and 1.21 (1.06–1.37) respectively].
Those who developed acute rejection were also more
likely to have overall graft loss (HR of 1.72 [95% CI
1.57–1.88]).

Estimates of the Direct (C), Indirect (AþB) and Total

Effects

The estimates of the direct, indirect and total effects of
Indigenous status on infection-related death, all-cause
death and overall graft loss are shown in Table 2.
Indigenous Australians experienced a higher risk of all-
cause death and infection-related death, but this asso-
ciation was not mediated through acute rejection (HR
[95% CI] of 1.01 [0.98–1.04] and 1.00 [0.99–1.01]). The
association between Indigenous status and overall graft
loss was mediated by acute rejection: HR (95% CI) 1.06
(1.03–1.09). The proportion of the effect of Indigenous
status on overall graft loss that was mediated by acute
rejection was 0.096 (i.e., 9.6% of the effect of Indige-
nous status on graft loss was explained by acute
rejection).

Diabetes as a Mediator in the Association Between

Indigenous Status and Outcomes

Diabetes status at the time of transplantation was also a
mediator between Indigenous status and graft loss HR
(95% CI) (1.23 [1.16–1.29]), infection-related death
(1.28 [1.13–1.46]) and all-cause death (1.31 [1.22–1.39]).
Specifically, the proportions of the effect of Indigenous
status, mediated by recipient diabetes status at time of
transplant, on infection-related death, all-cause death,
and overall graft loss were 0.29, 0.34 and 0.31,
respectively.
2499



Figure 3. Kaplan-Meier estimates of infection-related death (a), all-cause death (b) and overall graft loss (c), stratified by ethnicity
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Sensitivity Analyses

The complete case analyses findings were similar to
that of the imputed data. Compared to non-Indigenous
Australians, the HR (95% CI) for infection-related
death, all-cause death, and overall graft loss among
Indigenous Australians were 3.01 (1.90–4.77), 2.32
(1.85–2.91), and 2.28 (1.90–2.73), respectively, and the
E-values were 2.06, 1.71 and 2.33 respectively. In the
competing risk analysis for infection-related death,
with non-infection related deaths as competing events,
the adjusted subdistributional HR (95% CI) for
infection-related death in Indigenous Australians
was 2.81 (1.77–4.48) compared to non-Indigenous
Australians (Figure 4).
DISCUSSION

In this very large cohort of kidney transplant re-
cipients, we found an approximately 3 times increased
risk of infection-related death among Indigenous Aus-
tralians compared with non-Indigenous Australians.
Similarly, the risks of allograft loss and all-cause death
were doubled compared to non-Indigenous Austra-
lians. In our mediation analyses, we found that acute
rejection lies in the causal pathway in the association
between Indigenous status and allograft loss, but the
relationship between Indigenous status, infection-
related and all-cause death was not mediated through
acute rejection. We also found that recipient diabetes
status at the time of transplantation was a mediator
Table 2. Estimates of the direct and indirect effects of ethnicity on infec
Effects Infection-related death

Estimates 95% CI P-val

Natural direct effects 2.97 1.87 – 4.72 <0.0

Natural indirect effects 1.01 0.98 – 1.04 0.5

Total effects 3.00 1.89 – 4.76 <0.0

Proportion of effect of ethnicity mediated by acute rejection 0.01

CI, confidence interval.
aP < 0.05.

2500
between Indigenous status and the outcomes, including
graft loss, infection-related and all-cause death.

Our current findings corroborate those previously
reported in a smaller single-center study of 616 kidney
transplant recipients in Western Australia, of which 57
(9%) were Indigenous recipients.18 In this study, the
authors found the rate of biopsy-proven acute rejection
was almost doubled in Indigenous recipients, with an
excess of antibody-mediated rejections. Acute rejection
was found to mediate the effect between ethnicity and
death censored graft loss, but not death with a func-
tioning graft. However, this study did not specifically
evaluate cause-specific mortality. Our current results
built upon these previous findings and showed that the
risk of biopsy-proven acute rejection was least twice as
high among Indigenous Australians compared to the
non-Indigenous population, and that acute rejection
was a potential mediator between Indigenous status
and overall graft loss. However, the magnitude of the
effects mediated by acute rejection was smaller
compared to previous analyses. In this current study,
acute rejection accounted for 10% of the association
between ethnicity and overall graft loss. This differed
from the Western Australian cohort where the effects
mediated through rejection was at least 70%. There
may be multiple reasons for the observed differences.
In this analysis, we assessed overall graft loss, whereas
in the Western Australian cohort, only death-censored
graft loss was evaluated. Also, a single mediator was
considered. There may be other multiple path-specific
tion-related death, all-cause death and overall graft loss
All-cause death Overall graft loss

ues Estimates 95% CI P-values Estimates 95% CI P-values

01a 2.37 1.90 – 2.96 <0.001a 2.15 1.80 – 2.57 <0.001a

2 1.00 0.99 – 1.01 0.53 1.06 1.03 – 1.09 <0.001a

01a 2.36 1.89 – 2.95 <0.001a 2.28 1.90 – 2.73 <0.001a

�0.01 0.10

Kidney International Reports (2022) 7, 2495–2504



Figure 4. Comparison of cumulative incidence function of infection-related mortality with competing-risk of other causes of mortality stratified
by ethnicity. ANZDATA, Australia and New Zealand Dialysis and Transplant Registry
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effects through 2 or more mediators, such as tacrolimus
drug levels, causally ordered between ethnicity, acute
rejection, and graft loss. We could not investigate all
the potential mediators because details regarding the
intensity of baseline immunosuppression, drug levels,
and medication adherence were not collected by the
registry.26 There may also be potential pharmacokinetic
differences in drug exposure between Indigenous and
non-Indigenous Australians. Moreover, there may be
other potential mediators between ethnicity and graft
loss, which may not causally affect each other. For
example, comorbidities, including diabetes, vascular
disease, and other recipient or donor immune compat-
ibility may independently affect graft loss, but detailed
assessment of each of these individual factors are
outside the scope of this study. In addition, a single
version of the mediator as a binary variable of acute
rejection was defined. Nevertheless, there are many
versions of acute rejection, including biopsy-proven
borderline, subclinical, cellular, antibody, and mixed
rejection. It is likely that what was estimated as a direct
effect may in fact have selected not only the direct
effect between ethnicity and graft loss, but also the
mediated effect through other versions of the medi-
ator.27 Therefore, in this context, this may have led to
the overestimation of the direct effect and an under-
estimate of the indirect effects. However, the frame-
work from this study will provide future opportunities
to examine whether acute rejection may mediate other
causes of graft loss or death associated with ethnicity.

In this study, we hypothesized that the increased
risk of infection-related death in Indigenous transplant
Kidney International Reports (2022) 7, 2495–2504
recipients may be in part due to the increased baseline
immunosuppression load after episodes of acute rejec-
tion.28 However, our current findings refute the notion
that acute rejection per se was a key factor responsible
for the observed disparate mortality outcomes between
Indigenous and non-Indigenous Australian kidney
transplant recipients. Other reasons, such as inequi-
table health system experiences, the lack of account-
ability for translating health care policies into practice,
experiences of racism, and other socio-political and
environmental factors may be root-causes of the higher
risk of all-cause and infection-related death in Indige-
nous populations.29 Most interventions have focused
on mitigating proximal risk factors, but many have
failed to address the underlying distal social and
structural determinants that underpin poor health in
disadvantaged populations. This is seen even in access
to transplantation, where socioeconomically disadvan-
taged groups are less likely to receive living donor
kidneys.30,31 As illustrated in our baseline character-
istics table, Indigenous Australians are less likely to
receive a kidney from a living donor; the contributing
factors include a lack of culturally safe promotion of
transplantation and the increased medical comorbid-
ities that render potential donors high risk.32 To this
effect, an unacceptable gap remains in both the quality
of life and survival outcomes for Indigenous transplant
recipients compared to their non-Indigenous counter-
parts. To address this gap, a whole of government and
transplant community commitment is needed.

Direct engagement with Indigenous health pro-
fessionals to better understand cultural and social
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determinants of health is crucial. Victim blaming on
issues such as medication adherence by the health care
system and health professionals will only reinforce the
predominant view of “health” determined by main-
stream Western biomedical theory,9 without full
consideration of culturally appropriate practices to
address the health disparity. A key element to improve
post-transplant outcomes in Indigenous Australians is
provision of personalized, culturally sensitive, non-
“one-size-fits all” care management pathways in both
remote and urban settings.33 This can only be achieved
through positioning of Indigenous health professionals
as leaders, engagement with the communities, as well
as direct engagement and collaboration with families
and their caregivers.34

Minister Ken Wyatt AM MP convened the Renal
Health Roundtable in 201835 that recommended the
design of an inaugural National Renal Health RoadMap.
Recognizing the cross-jurisdictional responsibility of
both federal, state, and Territory Health Ministers, the
RoadMap was also endorsed by the Australian Health
Ministers Advisory Council in 2019. We note the Na-
tional Renal Health RoadMap is currently unfunded,
although its implementation is likely to address many
of the environmental health and social determinants of
health factors contributing to outcomes in this analysis.
We stand with the Australian community, in seeking
funding and implementation of this multijurisdiction-
ally endorsed policy.

There are several strengths to this study. Notably,
the large sample size, completeness of data, with suf-
ficient follow-up time, and the use of robust statistical
analyses (including competing risk regression and
multiple imputation) all added to the internal validity
of this study. There are also potential limitations. The
ANZDATA registry does not collect individual-level
measures of socioeconomic status or access to health
care service delivery. Though we adjusted for multiple
confounding factors in the indirect pathways between
acute rejection, death and overall graft loss, there may
be other residual confounders that were not recorded
and therefore could not be accounted for. We did not
adjust for other baseline variables with the evaluation
between race and death in the direct pathway because
none of these variables will confound the effect of race.
The only potential variable that could theoretically be
adjusted for as a confounder is a “historical process,”
such as genetic and other parental factors that define
our race or ethnicity.36 We acknowledge there may be
many mediators between ethnicity and outcomes, but
in this analysis, we have focused on acute rejection and
excluded potential mediators to avoid the risks of
overadjustment.37 There are no reliable tools to exter-
nally check the accuracy of the data in the ANZDATA
2502
registry. Previous studies show that the concordance of
death registry data between ANZDATA and the Na-
tional Death index in primary cause of death is fair.38

This can be partially explained by the absence of dia-
betes and kidney failure as causes of death in ANZ-
DATA and the absence of “withdrawal from treatment”
in the National Death Index. Though misclassification
bias or inaccurate coding cannot be excluded, other
audits have found favorable data accuracy in the
ANZDATA registry.39 Lastly, details of infection com-
plications (apart from infection-related death) are not
recorded in ANZDATA, therefore further investigation
into precursors of infectious events are not available.

Acute rejection appears to lie on the causal pathway
between ethnicity and graft loss. Therefore, by modi-
fying the risk of acute rejection we can potentially
prevent a proportion of allograft loss among Indige-
nous Australians. Nevertheless, it appears that this
would not affect the disparate outcomes in all-cause
death or infection-related death between Indigenous
and non-Indigenous Australians, because these were
not mediated by acute rejection. The pathways be-
tween ethnicity, and graft loss and death are likely
complex and multifactorial, with multiple drivers of
inequities in survival between Indigenous and non-
Indigenous transplant recipients. Future in-
vestigations need to investigate these structural drivers
of inequity, and accordingly implement culturally
appropriate care and interventions focused on
addressing these drivers.
DISCLOSURE

All the authors declared no conflict of interest.

ACKNOWLEDGMENTS

JH is supported by a NHMRC fellowship (#1174758). Ger-

maine Wong is supported by the NHMRC Fellowships (APP

1195414 and 1147657)

SUPPLEMENTARY MATERIAL

Supplementary File (PDF)

Supplemental Methods

Table S1. Univariable Cox regression analyses for

infection-related death.

Table S2. Type of infection in infection-related mortality by

ethnicity.

Table S3. Location of infection in infection-related mortal-

ity by ethnicity.

REFERENCES

1. Australian Institute of Health and Welfare. The health and

welfare of Australia’s Aboriginal and Torres Strait Islander

peoples. 2015. Accessed April 4, 2022. https://www.aihw.gov.
Kidney International Reports (2022) 7, 2495–2504

https://doi.org/10.1016/j.ekir.2022.08.027
https://www.aihw.gov.au/getmedia/584073f7-041e-4818-9419-39f5a060b1aa/18175.pdf.aspx?inline=true


C Zheng et al.: Acute Rejection Postkidney Transplantation in Indigenous Australians CLINICAL RESEARCH
au/getmedia/584073f7-041e-4818-9419-39f5a060b1aa/18175.

pdf.aspx?inline¼true

2. Wolfe RA, Ashby VB, Milford EL, et al. Comparison of mor-

tality in all patients on dialysis, patients on dialysis awaiting

transplantation, and recipients of a first cadaveric transplant.

N Engl J Med. 1999;341:1725–1730. https://doi.org/10.1056/

NEJM199912023412303

3. Evans RW, Manninen DL, Garrison LP Jr, et al. The quality of

life of patients with end-stage renal disease. N Engl J Med.

1985;312:553–559. https://doi.org/10.1056/NEJM198502283120

905

4. Khanal N, Lawton PD, Cass A, McDonald SP. Disparity of

access to kidney transplantation by Indigenous and non-

indigenous Australians. Med J Aust. 2018;209:261–266.

https://doi.org/10.5694/mja18.00304

5. Cass A, Cunningham J, Snelling P, et al. Renal transplantation

for Indigenous Australians: identifying the barriers to equi-

table access. Ethn Health. 2003;8:111–119. https://doi.org/10.

1080/13557850303562

6. Rogers NM, Lawton PD, Jose MD. Kidney transplant out-

comes in the indigenous population in the Northern Territory

of Australia. Transplantation. 2006;82:882–886. https://doi.

org/10.1097/01.tp.0000232439.88527.49

7. Lawton PD, McDonald SP, Snelling PL, et al. Organ trans-

plantation in Australia: inequities in access and outcome for

Indigenous Australians. Transplantation. 2017;101:e345–

e346. https://doi.org/10.1097/TP.0000000000001911

8. Cass A, Cunningham J, Anderson K, et al. Decision-making

about suitability for kidney transplantation: results of a

national survey of Australian nephrologists. Nephrology

(Carlton). 2007;12:299–304. https://doi.org/10.1111/j.1440-

1797.2007.00784.x

9. Anderson K, Devitt J, Cunningham J, Preece C, Jardine M,

Cass A. If you can’t comply with dialysis, how do you expect

me to trust you with transplantation? Australian nephrolo-

gists’ views on Indigenous Australians’ ‘non-compliance’ and

their suitability for kidney transplantation. Int J Equity Health.

2012;11:21. https://doi.org/10.1186/1475-9276-11-21

10. Bourke C, Truong M, Jones Y, Hunyor J, Lawton P. Addressing

Racism to Improve Healthcare Outcomes for Aboriginal and

Torres Strait Islander People: a Case Study in Kidney Care.

Deeble Institute for Health Policy Research; 2020.

11. Lowitja Institute, Culture is key: towards cultural de-

terminants-driven health policy. 2021. Accessed April 4, 2022.

https://www.lowitja.org.au/page/services/resources/Cultural-

and-social-determinants/culture-for-health-and-wellbeing/

culture-is-key-towards-cultural-determinants-driven-health-

policy

12. Gao X, Lester S, Matheson B, Boettcher B, McCluskey J.

Three newly identified A*24 alleles: A*2406, A*2413 and

A*2414. Tissue Antigens. 1997;50:192–196. https://doi.org/10.

1111/j.1399-0039.1997.tb02858.x

13. Gao X, Veale A, Serjeantson SW. HLA class II diversity in

Australian Aborigines: unusual HLA-DRB1 alleles. Immunoge-

netics. 1992;36:333–337. https://doi.org/10.1007/BF00215663

14. Lester S, Cassidy S, Humphreys l, et al. Evolution in HLA-

DRB1 and major histocompatibility complex class II haplo-

types of Australian Aborigines definition of a new DRB1
Kidney International Reports (2022) 7, 2495–2504
allele and distribution of DRB 1 gene frequencies. Hum

Immunol. 1995;42:154–160. https://doi.org/10.1016/0198-

8859(94)00087-7

15. Gramlick ME, Trevillian P, Palazzi KL, Heer MK. Time to move

on: HLA matching should be reconsidered in modern

deceased donor kidney allocation. Transplant Direct. 2022;8:

e1295. https://doi.org/10.1097/TXD.0000000000001295

16. McDonald S. Indigenous transplant outcomes in Australia:

what the ANZDATA Registry tells us. Nephrol (Carlton).

2004;9(suppl 4):S138–143. https://doi.org/10.1111/j.1440-1797.

2004.00350.x

17. Boan P, Swaminathan R, Irish A. Infectious complications in

indigenous renal transplant recipients in Western Australia.

Int Med J. 2017;47:648–655. https://doi.org/10.1111/imj.13450

18. Howson P, Irish AB, D’Orsogna L, et al. Allograft and patient

outcomes between indigenous and nonindigenous kidney

transplant recipients. Transplantation. 2020;104:847–855.

https://doi.org/10.1097/TP.0000000000002891

19. Chan S, Pascoe EM, Clayton PA, et al. Infection-related mor-

tality in recipients of a kidney transplant in Australia and New

Zealand. Clin J Am Soc Nephrol. 2019;14:1484–1492. https://

doi.org/10.2215/CJN.03200319

20. GraceyM, Veroni M. Comparative hospitalisation andmortality

rates of aboriginal and non-aboriginal Western Australians in

their sixth and seventh decades. Aust N Z J Med. 1995;25:

27–31. https://doi.org/10.1111/j.1445-5994.1995.tb00574.x

21. Einsiedel LJ, Fernandes LA, Woodman RJ. Racial disparities

in infection-related mortality at Alice Springs Hospital, Cen-

tral Australia, 2000–2005. Med J Aust. 2008;188:568–571.

https://doi.org/10.5694/j.1326-5377.2008.tb01791.x

22. von Elm E, Altman DG, Egger M, et al. The Strengthening the

Reporting of Observational Studies in Epidemiology

(STROBE) statement: guidelines for reporting observational

studies. PLOS Med. 2007;4:e296. https://doi.org/10.1371/jour-

nal.pmed.0040296

23. Clayton PA, McDonald SP, Russ GR, Chadban SJ. Long-term

outcomes after acute rejection in kidney transplant recipients:

an ANZDATA analysis. J Am Soc Nephrol. 2019;30:1697–

1707. https://doi.org/10.1681/ASN.2018111101

24. Therneau TM, Lumley T, Elizabeth A, Cynthia C. Survival:

survival analysis. 2022. Accessed April 4, 2022. https://cran.r-

project.org/web/packages/survival/survival.pdf

25. Valeri L, VanderWeele TJ. SAS macro for causal mediation

analysis with survival data. Epidemiology. 2015;26:e23–24.

https://doi.org/10.1097/EDE.0000000000000253

26. VanderWeele TJ, Vansteelandt S. Mediation analysis with

multiple mediators. Epidemiol Methods. 2014;2:95–115.

https://doi.org/10.1515/em-2012-0010

27. Vanderweele TJ. Mediation analysis with multiple versions of

the mediator. Epidemiology. 2012;23:454–463. https://doi.org/

10.1097/EDE.0b013e31824d5fe7

28. Davis JS, Currie BJ, Fisher DA, et al. Prevention of opportu-

nistic infections in immunosuppressed patients in the tropical

top end of the Northern Territory. Commun Dis Intell Q Rep.

2003;27:526–532.

29. Cass A, Cunningham J, Wang Z, Hoy W. Regional variation in

the incidence of end-stage renal disease in Indigenous
2503

https://www.aihw.gov.au/getmedia/584073f7-041e-4818-9419-39f5a060b1aa/18175.pdf.aspx?inline=true
https://www.aihw.gov.au/getmedia/584073f7-041e-4818-9419-39f5a060b1aa/18175.pdf.aspx?inline=true
https://www.aihw.gov.au/getmedia/584073f7-041e-4818-9419-39f5a060b1aa/18175.pdf.aspx?inline=true
https://doi.org/10.1056/NEJM199912023412303
https://doi.org/10.1056/NEJM199912023412303
https://doi.org/10.1056/NEJM198502283120905
https://doi.org/10.1056/NEJM198502283120905
https://doi.org/10.5694/mja18.00304
https://doi.org/10.1080/13557850303562
https://doi.org/10.1080/13557850303562
https://doi.org/10.1097/01.tp.0000232439.88527.49
https://doi.org/10.1097/01.tp.0000232439.88527.49
https://doi.org/10.1097/TP.0000000000001911
https://doi.org/10.1111/j.1440-1797.2007.00784.x
https://doi.org/10.1111/j.1440-1797.2007.00784.x
https://doi.org/10.1186/1475-9276-11-21
http://refhub.elsevier.com/S2468-0249(22)01728-4/sref10
http://refhub.elsevier.com/S2468-0249(22)01728-4/sref10
http://refhub.elsevier.com/S2468-0249(22)01728-4/sref10
http://refhub.elsevier.com/S2468-0249(22)01728-4/sref10
https://www.lowitja.org.au/page/services/resources/Cultural-and-social-determinants/culture-for-health-and-wellbeing/culture-is-key-towards-cultural-determinants-driven-health-policy
https://www.lowitja.org.au/page/services/resources/Cultural-and-social-determinants/culture-for-health-and-wellbeing/culture-is-key-towards-cultural-determinants-driven-health-policy
https://www.lowitja.org.au/page/services/resources/Cultural-and-social-determinants/culture-for-health-and-wellbeing/culture-is-key-towards-cultural-determinants-driven-health-policy
https://www.lowitja.org.au/page/services/resources/Cultural-and-social-determinants/culture-for-health-and-wellbeing/culture-is-key-towards-cultural-determinants-driven-health-policy
https://doi.org/10.1111/j.1399-0039.1997.tb02858.x
https://doi.org/10.1111/j.1399-0039.1997.tb02858.x
https://doi.org/10.1007/BF00215663
https://doi.org/10.1016/0198-8859(94)00087-7
https://doi.org/10.1016/0198-8859(94)00087-7
https://doi.org/10.1097/TXD.0000000000001295
https://doi.org/10.1111/j.1440-1797.2004.00350.x
https://doi.org/10.1111/j.1440-1797.2004.00350.x
https://doi.org/10.1111/imj.13450
https://doi.org/10.1097/TP.0000000000002891
https://doi.org/10.2215/CJN.03200319
https://doi.org/10.2215/CJN.03200319
https://doi.org/10.1111/j.1445-5994.1995.tb00574.x
https://doi.org/10.5694/j.1326-5377.2008.tb01791.x
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.1681/ASN.2018111101
https://cran.r-project.org/web/packages/survival/survival.pdf
https://cran.r-project.org/web/packages/survival/survival.pdf
https://doi.org/10.1097/EDE.0000000000000253
https://doi.org/10.1515/em-2012-0010
https://doi.org/10.1097/EDE.0b013e31824d5fe7
https://doi.org/10.1097/EDE.0b013e31824d5fe7
http://refhub.elsevier.com/S2468-0249(22)01728-4/sref28
http://refhub.elsevier.com/S2468-0249(22)01728-4/sref28
http://refhub.elsevier.com/S2468-0249(22)01728-4/sref28
http://refhub.elsevier.com/S2468-0249(22)01728-4/sref28


CLINICAL RESEARCH C Zheng et al.: Acute Rejection Postkidney Transplantation in Indigenous Australians
Australians. Med J Aust. 2001;175:24–27. https://doi.org/10.

5694/j.1326-5377.2001.tb143507.x

30. Gill J, Dong J, Rose C, et al. The effect of race and income on

living kidney donation in theUnited States. J AmSocNephrol.

2013;24:1872–1879. https://doi.org/10.1681/ASN.2013010049

31. Grace BS, Clayton PA, Cass A, McDonald SP. Transplantation

rates for living- but not deceased-donor kidneys vary with

socioeconomic status in Australia. Kidney Int. 2013;83:138–

145. https://doi.org/10.1038/ki.2012.304

32. Walker RC, Abel S, Reynolds A, et al. Experiences, perspec-

tives and values of Indigenous peoples regarding kidney

transplantation: systematic review and thematic synthesis of

qualitative studies. Int J Equity Health. 2019;18:204. https://

doi.org/10.1186/s12939-019-1115-y

33. Hughes JT, Dembski L, Kerrigan V, et al. Gathering perspec-

tives - finding solutions for chronic and end stage kidney

disease. Nephrology (Carlton). 2018;23(suppl 1):5–13. https://

doi.org/10.1111/nep.13233

34. Hughes JT, Lowah G, Kelly J. Re-framing the Indigenous

kidney health workforce.Med J Aust. 2019;211:6–6:e1. https://

doi.org/10.5694/mja2.50210
2504
35. The Hon Ken Wyatt, AM. Roundtable towards road map for

renal health. 2018. Accessed April 4, 2022. https://www.

menzies.edu.au/icms_docs/281923_Roundtable_Towards_

Roadmap_For_Renal_Health_-_Media_Release.pdf

36. VanderWeele TJ, Robinson WR. On the causal interpretation

of race in regressions adjusting for confounding and medi-

ating variables. Epidemiology. 2014;25:473–484. https://doi.

org/10.1097/EDE.0000000000000105

37. Schisterman EF, Cole SR, Platt RW. Overadjustment bias and

unnecessary adjustment in epidemiologic studies. Epidemi-

ology. 2009;20:488–495. https://doi.org/10.1097/EDE.0b013

e3181a819a1

38. Sypek MP, Dansie KB, Clayton P, Webster AC, McDonald S.

Comparison of cause of death between Australian and New

Zealand Dialysis and Transplant Registry and the Australian

National Death Index.Nephrology (Carlton). 2019;24:322–329.

https://doi.org/10.1111/nep.13250

39. Gray NA, Mahadevan K, Campbell VK, Noble EP, Anstey CM.

Data quality of the Australia and New Zealand Dialysis and

Transplant Registry: a pilot audit.Nephrology (Carlton). 2013;18:

665–670. https://doi.org/10.1111/nep.12126
Kidney International Reports (2022) 7, 2495–2504

https://doi.org/10.5694/j.1326-5377.2001.tb143507.x
https://doi.org/10.5694/j.1326-5377.2001.tb143507.x
https://doi.org/10.1681/ASN.2013010049
https://doi.org/10.1038/ki.2012.304
https://doi.org/10.1186/s12939-019-1115-y
https://doi.org/10.1186/s12939-019-1115-y
https://doi.org/10.1111/nep.13233
https://doi.org/10.1111/nep.13233
https://doi.org/10.5694/mja2.50210
https://doi.org/10.5694/mja2.50210
https://www.menzies.edu.au/icms_docs/281923_Roundtable_Towards_Roadmap_For_Renal_Health_-_Media_Release.pdf
https://www.menzies.edu.au/icms_docs/281923_Roundtable_Towards_Roadmap_For_Renal_Health_-_Media_Release.pdf
https://www.menzies.edu.au/icms_docs/281923_Roundtable_Towards_Roadmap_For_Renal_Health_-_Media_Release.pdf
https://doi.org/10.1097/EDE.0000000000000105
https://doi.org/10.1097/EDE.0000000000000105
https://doi.org/10.1097/EDE.0b013e3181a819a1
https://doi.org/10.1097/EDE.0b013e3181a819a1
https://doi.org/10.1111/nep.13250
https://doi.org/10.1111/nep.12126

	Acute Rejection, Overall Graft Loss, and Infection-related Deaths After Kidney Transplantation in Indigenous Australians
	Methods
	Indigenous Community Involvement and Ethics
	Study Population
	Data Collection
	Outcomes
	Statistical Analysis
	Survival Analyses
	Mediation Analyses

	Results
	Study Population
	Causes of Infection-related Death
	Association Between Indigenous Status, Infection-related Death, All-cause Death and Overall Graft Loss
	Mediation Analyses
	Association Between Ethnicity and Acute Rejection
	Association Between Acute Rejection and Infection-related Death, All-cause Death, and Overall Graft Loss
	Estimates of the Direct (C), Indirect (A+B) and Total Effects
	Diabetes as a Mediator in the Association Between Indigenous Status and Outcomes

	Sensitivity Analyses

	Discussion
	Disclosure
	Acknowledgments
	Supplementary Material
	References


