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Residential Location and Kidney Transplant
Outcomes in Indigenous Compared With
Nonindigenous Australians
Katherine A. Barraclough, MBBS(Hons), FRACP, PhD,1

Blair S. Grace, Postgrad Dip, PhD, Postgrad Cert Biostatistic,2,3

Paul Lawton, MBBS, FRACP,4 and Stephen P. McDonald, MBBS, FRACP, PhD2,3

Background. Indigenous Australians experience significantly worse graft and patient outcomes after kidney transplantation
compared with nonindigenous Australians. It is unclear whether rural versus urban residential location might contribute to this.
Methods. All adult patients from the Australia and New Zealand Dialysis and Transplant Registry who received a kidney transplant
in Australia between January 1, 2000, and December 31, 2012, were investigated. Patients' residential location was classified as ur-
ban (major city + inner regional) or rural (outer regional − very remote) using the Australian Bureau of Statistics Remoteness Area Clas-
sification. Results.Of 7826 kidney transplant recipients, 271 (3%) were indigenous. Sixty-three percent of indigenous Australians
lived in rural locations compared with 10% of nonindigenous Australians (P < 0.001). In adjusted analyses, the hazards ratio for graft
loss for Indigenous compared with non-Indigenous race was 1.59 (95% confidence interval [95% CI], 1.01-2.50; P = 0.046). Resi-
dential location was not associated with graft survival. Both indigenous race and residential location influenced patient survival, with
an adjusted hazards ratio for death of 1.94 (95%CI, 1.23-3.05;P = 0.004) comparing indigenouswith nonindigenous and 1.26 (95%
CI, 1.01-1.58; P = 0.043) comparing rural with urban recipients. Five-year graft and patient survivals were 70% (95% CI, 60%-78%)
and 69% (95%CI, 61%-76%) in rural indigenous recipients compared with 91% (95%CI, 90%-92%) and 92% (95%CI, 91%-93%)
in urban nonindigenous recipients.Conclusions. Indigenous kidney transplant recipients experience worse patient and graft sur-
vival compared with nonindigenous recipients, whereas rural residential location is associated with patient but not graft survival. Of all
groups, indigenous recipients residing in rural locations experienced the lowest 5-year graft and patient survivals.

(Transplantation 2016;100: 2168–2176)

Indigenous Australians comprise approximately 3% of the
total Australian population (669900 people of a total of

22 million).1 However, this group endures disproportion-
ately high rates of a variety of chronic diseases, including di-
abetes and end-stage kidney disease (ESKD).2 In Australia, as
in other countries, transplantation is the optimal form of
treatment for most ESKD patients. However, transplantation
rates are considerably lower among indigenous Australians

compared with nonindigenous comparators (26% of indige-
nous Australians younger than 60 years at the start of renal
replacement therapy receive a transplant by 5 years com-
pared with 67% of nonindigenous Australians), attributable
to both lower placement on the waiting list and lower rates of
transplantation of those waitlisted.2

Transplant outcomes are also markedly inferior among in-
digenous compared with nonindigenous Australians.2-4 In a
previous Australia and New Zealand Dialysis and Trans-
plant Registry (ANZDATA) analysis, indigenous kidney
transplant recipients of primary deceased donor grafts were
more than 3 times more likely to die or lose their grafts com-
pared with nonindigenous recipients (hazards ratio [HR] of
3.1; 95% confidence interval [95% CI], 2.2-4.2; P < 0.001
and HR, 3.6; 95% CI, 2.5-5.1; P < 0.001, respectively).3 In
part, this was explained by a worse comorbidity profile,
poorer HLA matching and greater sensitization. However,
these factors only partially explained the worse outcomes.

Studies have shown a higher prevalence of several key car-
diovascular risk factors5 and a 20- to 30-fold higher rate of
ESKD6 in indigenous Australians living in remote compared
with urban areas. In indigenous Australians receiving perito-
neal dialysis, rural and remote residential locations have been
associated with higher technique failure, rates of peritonitis,
and all-cause mortality.7 It has been suggested that reduced
access to health services, substandard sanitation and lower
socioeconomic status in rural and remote areas might explain
these inferior outcomes.6,7
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The association between rural residence and kidney trans-
plant outcomes has received little attention, particularly in
indigenous individuals. The present study examines the associ-
ation between rural residence and graft survival in Australian
kidney transplant recipients, with particular focus on the role
it might play in the poorer kidney transplant outcomes expe-
rienced by indigenous Australians.

MATERIALS AND METHODS

Study Population
The ANZDATA collects data on outcomes of treated

ESKD. All renal units in Australia and New Zealand partici-
pate. This study included all adult (≥18 years) patients from
the ANZDATA registry who received a kidney transplant in
Australia between January 1, 2000, and December 31, 2012.
Recipients of multiple organ transplants were excluded.

Patients were stratified as indigenous (Aboriginal or Torres
Strait Islander or both) or nonindigenous based on self-
identified reporting of ethnicity at commencement of renal re-
placement therapy. Patients' residential locations were classified
according to their postcodes into 5 categories: major city, inner
regional, outer regional, remote or very remote, based on the
Australian Bureau of Statistics Remoteness Area Classification
2006,8 similar to previous studies.9,10 Where a postcode con-
tained statistical local areas from 2 or more remote area index
classifications, the postcodewas allocated to the remote area in-
dex that had the greatest population. Before 2005, ANZDATA
collected postcode at entry to renal replacement therapy only,
and this was used for all analyses. From 2005, ANZDATA col-
lected postcode at the end of each year, and as a sensitivity anal-
ysis, datawere also analyzed using the postcode from the annual
survey preceding the transplant. Patients without any postcode
data or whose postcode was not listed in Australian Bureau of
Statistics remoteness indices were excluded from the analyses.
For analyses, remoteness categorieswere dichotomized asmajor
city and inner regional (urban) versus all others (rural).

Data Collection
Data collected included recipient sex, age at transplantation

(18-44, 45-64, 65+ years), comorbidities (coronary artery dis-
ease, peripheral vascular disease, cerebrovascular disease, chronic
lung disease, and diabetes), smoking status, body mass index
(BMI) category (0-18.4, 18.5-24.9, 25-29.9, and ≥30 kg/m2),
year of transplant (dichotomised into 2 eras: 2000-2005 and
2006-2012), kidney allograft number (primary versus others),
HLA mismatches on A, B, and DR loci (0-1, 2-3, 4-6), panel-
reactive antibody (PRA) level (0-9, 10-49, 50-100), total ische-
mic time, immunosuppressive regimen, and donor age and
source (living versus deceased donor). Comorbidity data were
taken from annual surveys immediately before transplantation.
Similarly, patients were considered smokers if they were
smoking at the survey immediately before transplantation.

Clinical Outcomes
The outcomes examined were graft survival, patient sur-

vival from the time of transplantation (regardless of graft
function and with graft failure as a competing risk), de-
layed graft function (DGF) (defined as the need for dialysis
within 72 hours of transplantation), first rejection episode
and serum creatinine at 1 year. Causes of graft loss and
death were examined, with the latter including all deaths
with a functioning graft or where death occurred within
30 days of graft loss.

Statistical Analysis
Results were expressed as frequency (percentage) for categor-

ical data or as median and interquartile range for continuous
data. Comparisons between patient groups were made by χ2

test for categorical variables and Wilcoxon rank-sum or anal-
ysis of variance for continuous variables, as appropriate. Pa-
tient survival was analyzed using a Cox proportional hazard
model. Patient survival with a functioning graft and time to
first rejection episode were analyzed in competing risk regres-
sion, with graft loss as a competing risk, using the methods of
Fine and Gray.11 Similarly, graft loss was a competing risk in
analysis of death; and death and graft loss were competing
risks in analysis of rejection. Results are expressed as subha-
zard ratios (SHR) with 95% CI, with proportional hazard
assumptions checked by graphically examining Schoenfeld
residuals. Five-year survival curves were generated using
Kaplan-Meier functions. Delayed graft function was modelled
as a binomial outcome using modified Poisson regression,12

similar to previous studies,13 and results expressed as rate
ratios (RR) with 95% CI. The proportion of first rejection
episodes that were biopsied and vascular rejection among
biopsied first rejection episodes were analyzed similarly. For
still-functioning grafts, serum creatinine at 1 year was ana-
lyzed using linear regression. Unless otherwise specified, all
models were adjusted for age, comorbidities, BMI, smoking
status, transplant era, graft number, HLA mismatches, PRA,
ischemic time, donor source and transplant state, and included
a race by rural interaction term. Adjusted models were run
repeatedly without ischemic time, as arguably this is a conse-
quence of remoteness and racial disadvantage.14 As sensitivity
analyses, all models were repeated with transplanting state in-
cluded, and with transplanting state: indigenous status, re-
moteness interactions included. To further investigate how
disparities in demographics and comorbidities at transplant un-
duly influenced results, graft loss and patient survival were an-
alyzed with inverse weighted propensity scores as a sensitivity
analysis. All covariates included in original models were in-
cluded, and populations weighted to reflect nonindigenous
urban dwellers. Results were considered significant at a
P value less than 0.05. All analyses were conducted in Stata
IC 13 (StatCorp, College Station, TX).

TABLE 1.

Residential distribution of the study population categorized according to the Australian Bureau of Statistics Remoteness Area
Classification (2006), stratified by race

Major City Inner Regional Outer Regional Remote Very Remote Total

Indigenous 72 (27%) 27 (10%) 73 (27%) 44 (16%) 55 (20%) 271
Nonindigenous 5457 (72%) 1373 (18%) 627 (8%) 75 (1%) 23 (0.3%) 7555
Total 5529 (71%) 1400 (18%) 700 (9%) 119 (2%) 78 (1%) 7826
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RESULTS

Study Population
Of 7826 kidney transplant recipients included in this

study, 271 (3%) were indigenous. Table 1 shows the

residential distribution of the study population stratified by
race, whereas Table 2 shows patient characteristics at the
time of transplantation stratified by race and residential loca-
tion. Sixty-three percent of indigenous Australians lived in
rural locations compared with only 10% of nonindigenous

TABLE 2.

Clinical and demographic variables of study participants at the time of transplantation by race and residential location (urban
versus rural)

Race + Location

Factor Indigenous + Urban Indigenous + Rural Nonindigenous + Urban Nonindigenous + Rural P

N 94 170 6543 697
Age, y <0.001
18-44 51 (54.3%) 64 (37.6%) 2516 (38.5%) 265 (38.0%)
45-64 39 (41.5%) 104 (61.2%) 3423 (52.3%) 384 (55.1%)
65+ 4 (4.3%) 2 (1.2%) 604 (9.2%) 48 (6.9%)

Male 53 (56.4%) 93 (54.7%) 4089 (62.5%) 474 (68.0%) 0.002
BMI, kg/m2 <0.001
<18 3 (3.2%) 8 (4.8%) 266 (4.1%) 21 (3.1%)
18-25 30 (32.3%) 52 (31.3%) 2667 (41.6%) 252 (37.3%)
25-30 27 (29.0%) 62 (37.3%) 2257 (35.2%) 242 (35.8%)
>30 33 (35.5%) 44 (26.5%) 1221 (19.0%) 161 (23.8%)

Smokera <0.001
No 34 (36.2%) 67 (39.6%) 3771 (58.0%) 371 (53.9%)
Yes 60 (63.8%) 102 (60.4%) 2727 (42.0%) 317 (46.1%)

Comorbidities
Diabetes 38 (40.4%) 83 (48.8%) 842 (12.9%) 87 (12.5%) <0.001
CVD 8 (8.5%) 15 (8.8%) 319 (4.9%) 33 (4.7%) 0.046
CAD 26 (27.7%) 53 (31.2%) 1048 (16.0%) 95 (13.6%) <0.001
PVD 10 (10.6%) 29 (17.1%) 565 (8.6%) 44 (6.3%) <0.001
Chronic lung disease 12 (12.8%) 18 (10.6%) 437 (6.7%) 41 (5.9%) 0.017

Transplant era 0.28
2000-2005 36 (38.3%) 69 (40.6%) 2581 (39.4%) 301 (43.2%)
2006-2012 58 (61.7%) 101 (59.4%) 3962 (60.6%) 396 (56.8%)

Transplant state <0.001
New South Wales 19 (20.2%) 11 (6.5%) 2062 (31.5%) 114 (16.4%)
Victoria 10 (10.6%) 5 (2.9%) 1980 (30.3%) 157 (22.5%)
Queensland 14 (14.9%) 25 (14.7%) 1198 (18.3%) 182 (26.1%)
South Australia 25 (26.6%) 82 (48.2%) 664 (10.1%) 170 (24.4%)
Western Australia 26 (27.7%) 47 (27.6%) 639 (9.8%) 74 (10.6%)

Graft number 0.002
Primary 91 (96.8%) 158 (92.9%) 6040 (92.3%) 618 (88.7%)
2+ 3 (3.2%) 12 (7.1%) 503 (7.7%) 79 (11.3%)

HLA mismatches <0.001
0-1 8 (8.5%) 8 (4.7%) 997 (15.2%) 96 (13.8%)
2-3 35 (37.2%) 23 (13.5%) 2752 (42.1%) 304 (43.6%)
4-6 51 (54.3%) 139 (81.8%) 2794 (42.7%) 297 (42.6%)

Donor source <0.001
live 16 (17.0%) 17 (10.0%) 2593 (39.6%) 270 (38.7%)
deceased 78 (83.0%) 153 (90.0%) 3950 (60.4%) 427 (61.3%)

Total ischemia, ha 12.5 (10, 16) 16 (13, 19) 12 (10, 15) 14 (11, 17) <0.001
PRA, % 78 (83.0%) 153 (90.0%) 3950 (60.4%) 427 (61.3%) <0.001
0-9 63 (67.0%) 97 (57.1%) 4726 (72.5%) 543 (78.0%)
10-49 16 (17.0%) 42 (24.7%) 1142 (17.5%) 92 (13.2%)
≥50 15 (16.0%) 31 (18.2%) 652 (10.0%) 61 (8.8%)

DGF 25 (26.6%) 62 (37.8%) 1039 (16.1%) 132 (19.1%) <0.001
Creatinine at 1 y, μmol/L 130 (110, 166) 130 (108, 167) 123 (100, 152) 129 (105, 161) <0.001
a Data obtained from recipients of deceased donor grafts only.
Details are at time of transplantation, apart from creatinine, which is at 1 year after transplantation. All values are expressed as number (%), apart from median (interquartile range) for total ischemia and serum
creatinine.
CAD, coronary artery disease; CVD, cerebrovascular disease; PVD, peripheral vascular disease.
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Australians (P < 0.001). Irrespective of residential location,
indigenous Australians were more likely to be smokers, dia-
betic, obese, and to suffer from cerebrovascular, coronary ar-
tery, and peripheral vascular disease pretransplantation.
Indigenous recipients were also more likely to have received
transplants from deceased donors, have a higher number of
HLAmismatches, and a greater degree of sensitisation. Ische-
mic time was longer for rural than urban recipients. No asso-
ciation was observed between race and medication type at
transplantation (P = 0.3) or at 1 year (P = 0.8) (Table 3).

Graft Survival
Graft survival was lower in both indigenous and rural kid-

ney transplant recipients, when compared with nonindige-
nous and urban residents (Figure 1). In adjusted analyses,
indigenous Australians were more likely to lose their grafts
than nonindigenous Australians (HR, 1.59; 95% CI, 1.01-
2.50; P = 0.046), whereas residential location was no longer
associated with graft survival (HR, 1.17; 95%CI, 0.93-1.47;
P = 0.17; Figure 2). Including interactions between trans-
planting state, indigenous status, and remoteness in models
resulted in larger SHRs, for example, indigenous rural pa-
tients had a SHR of 5.03 (2.55-9.91) compared with nonin-
digenous urban patients. Analyses of graft loss (with death
as a competing risk), using propensity score weights, pro-
duced similar results to the analyses above, although with
larger standard errors (eg, indigenous rural patients had an
SHR of 1.77 [95%CI, 0.89-3.51] compared with nonindige-
nous urban residents, versus an SHR of 2.04 [95% CI,
1.46-2.85] for unweighted analysis).

Five-year death censored graft survival is shown in
Table 4. This was lower in indigenous kidney transplant re-
cipients compared with the nonindigenous group, with the
lowest 5-year graft survival of all observed in indigenous kid-
ney transplant recipients residing in rural locations. Exclud-
ing ischemic time from the analyses made little difference to
the results presented.

Other significant predictors of poorer graft survival in
adjusted analyses included being underweight, a smoking
history, pretransplant diabetes, earlier transplant era, a non-
primary graft, more than 1 HLAmismatch, and a prolonged
ischemia time (Figure 2). There was no interaction between
race and residential location with respect to graft survival,
with P greater than 0.52 in unadjusted and adjusted analyses.

Causes of graft failure varied with residential location
and Indigenous status (Table 5). Indigenous patients were
considerably more likely to have graft failure attributed

to noncompliance with medication, particularly in rural
areas. Rural indigenous patients were also more like to
have graft failure attributed to acute/hyperacute rejection.
Nonindigenous patients were generally more likely to lose
their graft due to vascular issues.

Patient Survival
Overall patient survival was lower in both Indigenous and

rural kidney transplant recipients when compared with non-
indigenous and urban residents (Figure 3). These differences
remained on adjusted analyses, with an HR for death (re-
gardless of graft function) of 1.94 (95% CI, 1.23-3.05;
P = 0.004) comparing indigenous with nonindigenous recip-
ients and 1.26 (95% CI, 1.01-1.58; P = 0.04) comparing ru-
ral with urban recipients (Figure 3). There was no association
between survival with a functioning graft and race (HR in-
digenous vs nonindigenous, 1.42; 95% CI, 0.77-2.64;
P = 0.27), but survival with a functioning graft was signifi-
cantly impacted by remoteness (SHR rural vs urban, 1.30;
95% CI, 1.01-1.69; P = 0.044). Excluding ischaemic time
from the analyses made little difference to the results pre-
sented. Patient survival varied between transplanting states
(P < 0.001) and interactions between state, indigenous status
and remoteness were also significant (P < 0.001). Including
these terms in the model mainly inflated CIs, for example,
SHRs of death from models that included state and state by
SES interactions were 1.11 (0.37-3.36) for indigenous urban
patients, and 0.65 (0.08-5.62) for indigenous rural patients
compared with nonindigenous urban patients. Analyses of
survival, using propensity score weights produced similar re-
sults to analyses above, although with larger standard errors
(eg, indigenous rural patients had an SHR of 2.42 [95% CI,
1.41-4.16] compared to nonindigenous urban residents, versus
an SHR of 2.26 [95% CI, 1.50-4.34] for unweighted analysis).

Indigenous recipients experienced lower 5-year patient
survival than the nonindigenous group, with the lowest
5-year patient survival of all observed in indigenous recipi-
ents residing in rural locations (Table 4).

The other significant predictors of poorer patient survival
included older age, a smoking history, pretransplant diabetes,
coronary artery, cerebrovascular, peripheral vascular and
lung disease, transplant era, a higher number of HLA mis-
matches and ischemia time of 20 hours or longer (Figure 2).
There was no interaction between race and residential

TABLE 3.

Immunosuppressive drug use at transplantation and 1 y

Nonindigenous Indigenous Nonindigenous Indigenous

At Transplantationa At 1 yb

Cyclosporine 39.4% 36.5% 30.6% 28.6%
Tacrolimus 57.1% 61.7% 60.5% 63.4%
Azathioprine 1.8% 1.1% 6.0% 6.6%
MPA 92.8% 97.0% 87.1% 86.4%
mTORi 3.9% 1.5% 8.8% 6.1
Prednisolone 97.6% 94.7% 92.3% 90.6
a χ2 P = 0.24 for the association between drug and race at transplantation.
b χ2 P = 0.8 for the association between drug and race at 1 year.
MPA, mycophenolic acid; mTORi, mammalian target of rapamycin inhibitor.

FIGURE 1. Graft failure over time. Lines show unadjusted Nelsen-
Aarlen cumulative incidence curves, with death as a competing risk.
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location with respect to patient survival, with a P value for
the race-rural interaction of 0.20 in unadjusted and P value
of 0.75 in adjusted analyses.

Causes of death are shown in Table 6, stratified by race
and residential location.Cardiovascular causeswere responsible

for themajorityof deaths,witha similar frequencyobserved
between racial groups.Death from infectionwasmore com-
mon in indigenous kidney transplant recipients, whereas
death from malignancy was more common in nonindige-
nous recipients.

FIGURE 2. Likelihood of graft failure (top left), patient death (top right) delayed graft function (bottom left) and rejection (bottom right), after
transplantation. Results for delayed graft function are risk ratios from a modified Poisson regression. Other results are subhazard ratios from
competing risk regressions (death was a competing risk for graft failure, graft failure was a competing risk for death, death and graft failure were
competing risks for rejection). All models are adjusted for all variables shown. *Age group 65 years or older is not shown for patient death due
for clarity.

TABLE 4.

Five-year graft and patient survival (%)

Indigenous + Urban Indigenous + Rural Nonindigenous + Urban Nonindigenous + Rural

Graft survival 78 (66-86) 70 (60-78) 91 (90-92) 88 (85-91)
Patient survival 81 (70-89) 69 (61-76) 92 (91-93) 91 (89-93)

Graft survival is censored for death. Data are unadjusted, calculated using Kaplan-Meier survival function. Results are presented as frequencies with 95% confidence intervals.
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Delayed Graft Function
In unadjusted analyses, DGF was more common in indig-

enous compared with nonindigenous recipients (unadjusted
RR, 1.89; 95% CI, 1.19-3.00; P = 0.007) and in rural com-
pared with urban recipients (unadjusted RR, 1.22; 95% CI,
1.05-1.41; P = 0.008). There was no suggestion of a sig-
nificant interaction between race and residential loca-
tion (P = 0.31). However, in adjusted analyses, neither
race (RR indigenous vs nonindigenous, 1.08; 95% CI,
0.75-1.58; P = 0.66) nor residential local location (RR ru-
ral vs urban, 1.12; 95% CI, 0.95-1.31; P = 0.17) was asso-
ciated with DGF (Figure 2). Ischemic time and donor
source were the strongest predictors of DGF. There was
no suggestion of an interaction between residential loca-
tion and race (P = 0.66).

Acute Rejection
Overall, 95.6% of patients were biopsied before the first

reported acute rejection episode. Of all groups, rural indige-
nous patients were the least likely to undergo a biopsy
(86% compared with 100%, 96%, and 99% for urban in-
digenous and urban and rural nonindigenous, respectively,
P = 0.003). Race (P = 0.93), residential location (P = 0.60),
and race-rural interaction (P = 0.30) were not significantly as-
sociated with reported acute rejection in unadjusted or ad-
justed analyses. In the adjusted model, higher BMI, higher
HLA mismatches, and PRA of 90% to 100% were indepen-
dently associated with reported acute rejection (Figure 2).
However, indigenous recipients were almost twice as likely
to have vascular rejection on biopsy compared with nonin-
digenous recipients (unadjusted RR, 1.88; 95% CI, 1.19-
2.97; adjusted RR, 1.73; 95% CI, 1.04-2.87), and rural re-
cipients weremore likely to have vascular rejection compared
with urban recipients (unadjusted RR, 1.46; 95% CI, 1.14-
1.87; adjusted RR, 1.43; 95% CI, 1.12-1.82). There was no
interaction between race and remoteness with respect to vas-
cular rejection (P = 0.11)

Serum Creatinine
In adjusted analyses, indigenous recipients had serum cre-

atinine concentrations 1 year after transplantation that were
13.53 μmol/L (95% CI, 0.01-27.05) higher than nonindige-
nous recipients. Serum creatinine concentrations were non-
significantly higher in rural residents (3.05 μmol/L; 95%
CI, −2.15 to 8.24). There was no significant interaction be-
tween race and residential location (P = 0.837).

Including postcode recorded before transplant did not alter
the remoteness index used in our analyses for any patients.

DISCUSSION
This registry study represents the first examination to

date of the association between residential location and kid-
ney transplant outcomes in indigenous and nonindigenous
Australians. It clearly showed a higher risk of graft loss and
death in indigenous compared with nonindigenous recipi-
ents, whereas risk of death was higher among recipients liv-
ing in rural compared with urban locations. Indigenous
recipients residing in rural locations had the worst patient
and graft survival of all groups. However, the influence of
race and residential location on these outcomes was additive
rather than multiplicative.

Most indigenous kidney transplant recipients resided in
rural locations (63%). In contrast, most nonindigenous
Australians resided in urban areas (90%). Twenty percent of
indigenous kidney transplant recipients lived in very remote
areas comparedwith only 0.3%of nonindigenous individuals.
This is consistent with previously documented regional varia-
tion in the incidence of ESKD between indigenous and nonin-
digenous Australians. The ESKD incidence was highest in
remote regions (up to 1300 cases per million per year), up
to 30 times the national incidence for all Australians.6 The
reasons underlying this variationwith geography are unclear,
although previous suggestions include differences in the prev-
alence of diabetes or other chronic conditions, variable rates
of progression of chronic kidney disease and differential ac-
cess to preventative treatments.2

TABLE 5.

Causes of graft failure

Level Indigenous + Urban Indigenous + Rural Nonindigenous + Urban Nonindigenous + Rural P

N 21 46 733 93 0.016
Acute/hyperacute rejection 1 (4.8%) 8 (17.4%) 61 (8.3%) 8 (8.6%)
Chronic allograft nephropathy 10 (47.6%) 19 (41.3%) 364 (49.7%) 40 (43.0%)
Vascular 3 (14.3%) 0 (0.0%) 102 (13.9%) 19 (20.4%)
Technical 1 (4.8%) 4 (8.7%) 22 (3.0%) 3 (3.2%)
Glomerulonephritis 1 (4.8%) 1 (2.2%) 54 (7.4%) 7 (7.5%)
Noncompliance 2 (9.5%) 6 (13.0%) 31 (4.2%) 1 (1.1%)
Other 3 (14.3%) 8 (17.4%) 99 (13.5%) 15 (16.1%)

FIGURE 3. Unadjusted patient mortality (regardless of graft func-
tion). Curves produced using Kaplan-Meier failure function.
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Consistent with previous studies,3,4,15 we demonstrated
marked differences in comorbidities between indigenous
and nonindigenous Australians before transplantation. In-
digenous Australians were more likely to be smokers, dia-
betic, and to suffer from cerebrovascular, coronary artery
and peripheral vascular disease. They were also more likely
to have received a kidney from a deceased donor and less
likely to have received a second or subsequent graft. Indige-
nous recipients also had a higher number of HLA mis-
matches (P < 0.001) and a greater degree of sensitisation
(P < 0.001). In this study, as previously,3 each of these factors
was adversely associated with graft or patient survival. How-
ever, they remained only a partial explanation for the poorer
outcomes observed in the indigenous group.

The poorer patient and graft survival in indigenous recipi-
ents seen in this study has been documented previously. In
an examination of nearly 2000 Australians receiving pri-
mary deceased donor grafts over the period 1997 to 2003,
5-year graft survival rates were 47.8% and 80.0% for indig-
enous versus nonindigenous recipients, respectively, whereas
5-year patient survival rates were 61.7% versus 88.7%.3

Both studies also showed a similar excess of vascular rejec-
tion in the indigenous group and higher serum creatinine at
1 year. It is encouraging to note that the present study (exam-
ining the period 2000-2013) showed improvements in graft
and patient survival for both indigenous and nonindigenous
recipients, when compared with the earlier era. However,
these outcomes were still up to 25%worse for indigenous re-
cipients, indicating a consistent gap between racial groups
over time.

For the first time, this study also demonstrated a negative
effect of rural residential location on vascular rejection rate
and patient survival posttransplantation. Associations have
been observed between rural residential location and higher
rates ofmortality from cancer,16-18 injury, cardiovascular dis-
ease and diabetes.19With respect to dialysis outcomes, higher
risks of peritonitis-related complications (peritoneal dialysis
patients) and mortality (hemo- and peritoneal dialysis pa-
tients) have been observed in regional and/or remote patients
as compared with metropolitan patients.7,20 Only 1 study
has examined for an association between residential location
and outcomes after kidney transplantation. Gray et al20 stud-
ied 5399 nonindigenous Australian kidney transplant recipi-
ents, and in contrast to our study, found that patient survival
was not affected by remoteness. Graft survival was also sim-
ilar across residential locations, as were causes of death and
graft failure. The reason for this discrepancy between studies
is unclear, although may be due to the different eras exam-
ined (1996-2009 vs 2000-2013) or failure of Gray et al20 to
include transplant era in multivariate models.

Although we do not explore reasons for the lower patient
survival seen in rural areas, reduced access to healthcare
probably plays a large part in this. In Australia, it is known
that substantially fewer medical staff service rural compared
with urban areas, with the ratio fallingwith increasing remote-
ness.21 Similarly, Australian data have shown that 88% of
Australian nephrologists list a major city as their primary site
of practice, whereas 9% list inner regional, 2% outer regional,
and 0.4% remote/very remote areas.22 This necessitates travel
by many patients to a major city for routine and posttrans-
plant medical care, which likely impacts ongoing health
screening and promptness of therapy in cases of ill health
or graft dysfunction. Studies have also demonstrated a strong
socioeconomic status disparity in posttransplant graft and
patient survival.23-25 Given that a higher proportion of individ-
uals of low socioeconomic status live in rural areas compared
with major cities,26 this is another probable contributor to the
poorer outcomes seen in the rural group.

Of note, the present study found that graft and patient sur-
vival was poorest in indigenous patients living in rural loca-
tions. However, no race-rural interaction was apparent
(P = 0.53 and P = 0.75 in adjusted analyses for graft and pa-
tient survival, respectively), suggesting that the effects of race
and residential location on these outcomes were additive
rather thanmultiplicative. Further, the excess of graft and pa-
tient loss in indigenous recipients and graft loss in rural recip-
ients remained after comorbid and clinical factors were
accounted for with statistical adjustment, implying the pres-
ence of residual and unmeasured confounders. Specific socio-
economic data (eg, education and health literacy) are not
collected by ANZDATA; even if collected, linking these data
with area-level socioeconomic indicators may not represent
Indigenous disadvantage accurately.23 Other difficult tomea-
sure but potentially relevant factors include living conditions,
sanitation, support systems, and cultural beliefs impacting
health and treatment.27,28

Causes of graft failure also varied with Indigenous status
and residential location. Indigenous patients were consider-
ably more likely to have graft failure attributed to noncompli-
ance with medication, possibly accounted for by lesser degrees
of health education.29 Thiswas particularly the case for rural re-
cipients, suggesting exacerbation of this by residential location.
Rural indigenous patients were also more likely to have graft
failure attributed to acute/hyperacute rejection, which may re-
flect less frequent medical review with slower response to graft
dysfunction, either as a result of distance or a desire of Indige-
nous recipients to remain within their communities rather than
seek treatment. Further investigation into this is required.

With respect to death, infection was a more common
cause in indigenous compared with nonindigenous kidney

TABLE 6.

Cause of death among patients with a functioning graft or dying within 30 d of graft loss

Race + Location Indigenous + Urban Indigenous + Rural Nonindigenous + Urban Nonindigenous + Rural P

N 13 43 524 72 <0.001
Withdrawal 0 (0.0%) 2 (4.7%) 28 (5.3%) 2 (2.8%)
Malignancy 2 (15.4%) 2 (4.7%) 143 (27.3%) 28 (38.9%)
Infection 6 (46.2%) 22 (51.2%) 109 (20.8%) 14 (19.4%)
Cardiovascular 5 (38.5%) 13 (30.2%) 168 (32.1%) 22 (30.6%)
Other 0 (0.0%) 4 (9.3%) 76 (14.5%) 6 (8.3%)
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transplant recipients, accounting for approximately 50% and
20%of deaths in the 2 groups, respectively. A similar excess of
infectious deaths in indigenous recipients was shown in retro-
spective review of all kidney transplants from Australia's
Northern Territory, whereby infection accounted for 17 of
23 indigenous deaths (71%) over the period of study, whereas
no nonindigenous deaths were recorded.4 Previous study has
shown that overcrowding, poor hygiene, and inadequate
housing infrastructure underlie the high burden of infection
experienced in remote indigenous communities.27 However,
the excess of infectious deaths in the present study was also
seen in indigenous recipients living in urban locations. One pos-
sible explanation for this lies in variable immunosuppressive
drug disposition between racial groups. It is well established
that bioavailability of oral tacrolimus is reduced in African
Americans compared with white and Latin Americans.30 This
is thought to be due to racial differences in intestinal cyto-
chrome P450 3A or P-glycoprotein expression or activity.31

Although a paucity of data is available comparing mycophe-
nolic acid and prednisolone pharmacokinetics across racial
groups, studies have shownmarked ethnic variation in the fre-
quencies of genetic polymorphisms known to have clinically
relevant effects on transport, metabolism, and action of these
drugs.32,33 It is therefore plausible that immunosuppressant
drug disposition might differ in indigenous compared to non-
indigenous Australians, although there has been no study of
this to date. Comprehensively assessing immunosuppression
burden through pharmacokinetic and pharmacogenetic profil-
ing would provide vital data regarding the relationship be-
tween immunosuppression and infection in this patient group.

A possible limitation of this study is that we have no data
on patient area of residence or movements before the com-
mencement of renal replacement therapy. Given that patients
from remote areas may relocate closer to hospitals to receive
renal replacement therapy and work-up for transplantation,
postcode data may not always reflect usual place of resi-
dence,34 particularly for indigenous individuals.6 However,
movement of patients from more remote locations to more
urban areas should result in falsely reduced, rather than am-
plified, measurements of rural disparity. A further limitation
relates to use of the Australian Bureau of Statistics Remote-
ness Area Classification.8 This has been subject to previous
criticism as it does not take into account the type of available
services in the town or service centers, but instead relies on
population size and physical road distance within a statistical
local area. Additionally, the ANZDATA registry does not col-
lect data on how patients are selected patients for transplan-
tation. Given the historically poor outcomes in indigenous
Australians,2 it is possible that these patients may have been
screened more carefully than nonindigenous recipients.
However, as with patientmovement frommore rural tomore
urban areas, this should falsely mitigate rather than amplify
the findings of worse outcomes in the indigenous group. Reg-
istry data are also subject to potential reporting bias, al-
though ANZDATA covers all treating centers in Australia
and follow-up reporting rates are close to 100%.3 As a fur-
ther limitation, of 7826 kidney transplant recipients included
in this study, only 271 (3%) were indigenous. This small
sample size at risk limits assessment of the influence of res-
idential location in this population. Lastly, cconclusions
drawn from this study should be qualified by the potential
for ecological fallacy.

In conclusion, this study clearly demonstrated a higher risk
of graft loss and death in indigenous compared with nonin-
digenous kidney transplant recipients and a higher risk of
death in rural compared with urban recipients. Indigenous
recipients experienced an excess of graft loss due to noncom-
pliance and rejection, particularly in rural areas, and an ex-
cess of death due to infection. For the future, it is vital that
interventions continue to address the substantial demo-
graphic risk factors carried by the indigenous population at
transplantation. In addition, this study highlights the need
for targeted interventions to reduce the disparity afforded
by residential location, particularly relevant for the indige-
nous population given the high proportion that live rurally
and remotely. Efforts to increase the rural medical workforce
in Australia are ongoing.35 However, to date, these have had
little impact on the permanent placement of nephrologists in
rural and remote areas.36 Given the success of telemedicine in
supervision of rural patients in other areas of medicine,37 this
would seem a promising means of improving access to spe-
cialist care for kidney transplant recipients. Increasing the
number and frequency of specialist outreach clinics would
also likely be beneficial, as would efforts to better educate ru-
ral primary healthcare providers regarding care of kidney
transplant recipients. Such initiatives should be accompanied
by rigorous studies of effectiveness, feasibility and safety. Fur-
ther investigation into additional factors contributing to the
poorer outcomes in Indigenous and rural kidney transplant
recipients should also remain a priority.
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