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Abstract

The predictive value of PromarkerD tests for incident diabetic kidney disease or rapid

decline in estimated glomerular filtration rate was evaluated in 1010 non-Aboriginal

and 71 Aboriginal adults with diabetes. Areas under the receiver operating characteris-

tic curves were not significantly different (P ≥ 0.081) for first- (non-Aboriginals 0.890

(95% confidence interval 0.864 to 0.915) and Aboriginals 0.769 (0.624 to 0.915)) and

second-generation (0.890 (0.862 to 0.917) and 0.711 (0.543 to 0.878)) tests.

PromarkerD has potential renal prognostic value in Aboriginals with diabetes.

It has long been recognised that Aboriginal and Torres

Strait Islander people with type 2 diabetes (T2D) have

among the highest rates of end-stage kidney disease

(ESKD) in the world.1 In addition to associated increased

cardiovascular disease morbidity and premature

mortality,2,3 this patient group faces significant

sociodemographic, geographical and economic chal-

lenges associated with optimal prevention and manage-

ment of ESKD.4,5 Early identification of Aboriginal and

Torres Strait Islander people with T2D who are at risk of

a rapid decline in estimated glomerular filtration rate

(eGFR) could, therefore, facilitate targeted lifestyle and

pharmacological strategies that substantially delay pro-

gression to ESKD,6 with clear benefits for individuals

and their communities.
PromarkerD is a biomarker-based blood test that has

clinically useful predictive value for future renal function

decline in T2D,7,8 and it is also at least as prognostically

accurate in type 1 diabetes (T1D).9 The test is based on

measurement of the plasma concentrations of three pro-

teins, apolipoprotein A-IV (ApoA4), CD5 antigen-like

(CD5L) protein (or apoptosis inhibitor of macrophage)

and insulin-like growth factor binding protein 3 (IBP3)

and utilises a small number of other variables that are

readily available in routine care. The original develop-

ment of PromarkerD was conducted in the Fremantle

Diabetes Study Phase II (FDS2) cohort, which was drawn

from a representative multi-ethnic urban Australian
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population.10 To date, there has been no analysis of the
performance of PromarkerD by ethnic/racial group. The

aim of the present study was, therefore, to assess
the prognostic accuracy of PromarkerD in Aboriginal
versus non-Aboriginal participants recruited to FDS2

from the primary catchment area of Fremantle Hospital
(FH; n ≈ 150 000), with extension of the Aboriginal sam-
ple to include individuals with diabetes who were resi-
dent in the approximately equivalent population base

comprising the adjacent FH secondary catchment area.11

The FDS2 is a community-based, longitudinal observa-
tional study with recruitment from 2008 to 2011 and
biennial in-person assessments from entry to up to
6 years subsequently.10 The Aboriginal Diabetes Sub-
study (ADSS) recruited participants in the secondary
catchment area between 2013 and 2014. The FDS2 pro-
tocol was approved by the Fremantle Hospital Human
Rights Committee (reference 07/397) and the ADSS by
the Western Australian Aboriginal Health Ethics Com-
mittee (reference 485). All participants provided
witnessed informed consent. At baseline and biennial
reviews, all FDS2 participants underwent comprehensive
assessments including questionnaires, clinical examina-
tions and fasting biochemical tests performed in a single
nationally accredited laboratory.10 The ADSS utilised the
same methodology.

The PromarkerD constituent protein biomarkers ApoA4,
CD5L and IBP3 were measured in unthawed baseline
plasma samples stored at �80�C by CaptSure enzyme-
linked immunosorbent assay (TGR BioSciences, an Abcam
company, Adelaide, South Australia) as previously
described.12 The original PromarkerD test uses the three
biomarker concentrations and age, serum high-density
lipoprotein cholesterol and eGFR.7,8 The second-
generation PromarkerD test, which has equivalent prog-
nostic accuracy in T2D, utilises only two biomarker
concentrations (ApoA4 and CD5L) as well as age and
eGFR.13 Both tests produce a risk score which is the
predicted probability (0%–100%) output from a logistic
regression model of adverse kidney outcomes.7,8

Renal function was assessed in all participants at base-
line and in those returning for reviews between 3 and
5 years later or with a serum creatinine available from
the medical record during the same period (both con-
sidered Year 4 in the present analyses). The eGFR was
calculated using the 2009 Chronic Kidney Disease Epide-
miology Collaboration equation based on serum creati-
nine.14 The primary outcome was kidney function
decline evaluated by one of two definitions. The first was
incident diabetic kidney disease (DKD), defined as an
eGFR <60 mL/min/1.73 m2 at Year 4 in individuals
whose baseline eGFR was ≥60 mL/min/1.73 m2. The sec-
ond was a decline in eGFR of either ≥30% or ≥40%
between baseline and Year 4 in participants with a base-
line eGFR <60 mL/min/1.73 m2.

All statistical analyses were performed using the com-
puter package IBM SPSS Statistics 29 (IBM Corporation,
Armonk, NY, USA). Demographic and clinical data are
presented as mean ± standard deviation (SD) or propor-
tions (%), where applicable. The original PromarkerD
test predicts the 4-year risk of incident DKD or ≥30%
eGFR decline, while the second-generation test predicts
incident DKD or ≥40% eGFR decline. Test performance
was assessed by the area under the receiver operating
characteristic curve (ROC-AUC). PromarkerD test scores
were stratified into low-, moderate- and high-risk
categories using pre-specified thresholds: 10% for
moderate-risk, and either 20% (original test) or 36%
(second-generation test) for high-risk, selected to maxi-
mise sensitivity and specificity. The sensitivity, specificity,
positive and negative predictive values (PPV and NPV)
were determined at the prespecified test cut-offs and
the maximum Youden Index (sensitivity+specificity-1).
ROC-AUCs were compared for each version of the test
between non-Aboriginals and Aboriginals.15

The present sample included 1010 (62.4%) out of the
1619 non-Aboriginal participants recruited to FDS2 who
had valid Year 4 renal function data (see Table 1). Simi-
larly, there were 71 Aboriginal participants in the pre-
sent analyses (see Table 1) comprising 52 from FDS2

Table 1 Baseline characteristics by study (FDS2 or ADSS) and Aboriginal status

Variable All FDS2 FDS2 ADSS FDS2 + ADSS
Non-Aboriginal Aboriginal Aboriginal Aboriginal

Number 1081 1010 52 19 71
Age (years) 63.0 ± 12.6 63.5 ± 12.5 55.4 ± 11.9 56.2 ± 12.5 55.6 ± 11.9
Sex (% male) 54.1 55.1 34.6 52.6 39.4
Type 2 diabetes (%) 87.3 86.8 92.3 100.00 94.3
Diabetes duration (years) 8.6 (2.4–15.6) 8.5 (2.3–15.6) 11.0 (3.0–18.0) 8.0 (3.0–11.0) 10.0 (3.0–16.8)
HbA1c (%) 6.9 (6.3–7.8) 6.8 (6.2–7.7) 9.6 (7.2–11.1) 7.7 (6.3–8.7) 8.7 (6.8–10.8)
Serum HDL-cholesterol (mmol/L) 1.26 ± 0.36 1.27 ± 0.36 1.16 ± 0.34 1.02 ± 0.26 1.12 ± 0.33
eGFR (mL/min/1.73m2) 83.3 ± 19.6 83.1 ± 19.4 84.5 ± 24.2 86.9 ± 20.6 85.2 ± 23.2

HbA1c, glycated haemoglobin; HDL-cholesterol, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate.
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(46.0% of the 113 Aboriginal participants recruited to
FDS2; 37 with a face-to-face assessment at Year 4 and
15 with an eGFR from hospital records 3–5 years after
the baseline assessment) and 19 from the ADSS (six with
a face-to-face Year 4 assessment and 13 with eGFR from
hospital records 3–5 years after baseline).
For the first-generation PromarkerD assay, there were

117 renal events among the non-Aboriginal participants
(11.6%) and 17 events in the 71 Aboriginal participants
(23.9%) over an average of 4 years. Two non-Aboriginal
participants had follow-up time <3.0 years with baseline
eGFR >90 mL/min/1.73m2 and minimal eGFR decline
and were therefore assumed not to have achieved the
primary renal outcome. There were three Aboriginal
participants with a follow-up <3.0 years who had a base-
line eGFR <90 mL/min/1.73m2 (two ≥60 mL/min/1.73
m2 with eGFR at follow-up <60 mL/min/1.73m2 and
one <60 mL/min/1.73 m2 but with rapidly declining
eGFR ≥40% during follow-up), and all three were con-
sidered to have achieved the primary renal outcome.
Fifty non-Aboriginal and 14 Aboriginal participants had

a follow-up time ≥ 5.0 years, but the kidney outcome did
not change if the follow-up eGFR was linearly interpo-
lated backwards to <5 years. For the second-generation
test, there were 107 renal events among the non-
Aboriginal participants (10.6%) and 14 events in the
71 Aboriginal participants (19.7%) over an average of
4 years.
The results of ROC-AUC analyses are shown in Figure 1.

For the first-generation PromarkerD test, the non-Aborigi-
nals had a ROC-AUC of 0.890 (95% CI: 0.864 to 0.915)
and the Aboriginals one of 0.769 (0.624 to 0.915). The dif-
ference between these two values was not statistically sig-
nificant (P = 0.107). For the second-generation test, the
non-Aboriginals had a ROC-AUC of 0.890 (0.862 to 0.917)
and the Aboriginals one of 0.711 (0.543 to 0.878). The dif-
ference between these two values was also not statistically
significant (P = 0.081). The sensitivity, specificity, PPV and
NPV are summarised in Table 2. There were high NPVs
(≥0.85) for both generation tests and at both moderate-
and high-risk cut-offs except for Aboriginal participants for
the high-risk thresholds.
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Figure 1 Receiver operating characteristic curves (ROC) for first- and second-generation PromarkerD tests in non-Aboriginal and Aboriginal partici-

pants. The areas under the ROCs (AUC) are shown.
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Discussion

The present data show that, based on ROC-AUC ana-
lyses, both generations of the PromarkerD test have
acceptable prognostic value (ROC-AUC >0.7) for DKD in
Aboriginals with diabetes. The NPVs were generally
high, including at moderate- and high-risk cut-offs. This
indicates that a low PromarkerD risk score in Aboriginal
people with diabetes could be used to inform rational
management strategies that optimise adherence to treat-
ment16 and do not divert healthcare resources away
from areas of greater need. A low score would also alle-
viate inappropriate concern in people with diabetes and
their healthcare professionals regarding the future devel-
opment of DKD. The modest to low PPVs need to be
viewed in light of the small number of false positive
results. In any case, intensive renal risk reduction man-
agement, if not needed for DKD, may have other bene-
fits in these individuals, including for cardiovascular
disease risk.

Although there were no statistically significant differ-
ences between the two groups, the fact that the tests in
non-Aboriginals had excellent (ROC-AUC >0.8) rather
than acceptable prognostic accuracy suggests that there
may be some minor racial differences in either the con-
stituent biomarkers or patterns of renal decline.
Although there are no published data for racial differ-
ences in CD5L and IBP3 that would have implications
for PromarkerD, Aboriginals may have a different apoli-
poprotein, including ApoA4, profile relative to other eth-
nic groups.17 The effect of this on PromarkerD scores is
uncertain. Although there are differences in body com-
position between Aboriginal and non-Aboriginal people

in Australia, these have a minor impact on eGFR mea-
surements,18 and the present study was primarily con-
cerned with temporal changes in eGFR rather than
absolute values. Nevertheless, consistent with data
showing a much greater potential for renal decline in
Aboriginal groups,19 renal events of interest in our
Aboriginal participants occurred at around twice the rate
of those in the non-Aboriginal participants.

Because of cultural, logistical and systemic barriers to
regular care, which limited the number of Aboriginal
participants in FDS2 and ADSS with valid longitudinal
renal function data, the availability of diabetes-related
point-of-care (POC) tests in Aboriginal communities can
allow timely and culturally appropriate disease manage-
ment.20 There is the potential for the second-generation
PromarkerD test to be POC, which would further assist
the immediate management of Aboriginal people with
diabetes.

The present data provide evidence that PromarkerD
can identify the future risk of DKD in Aboriginals with
diabetes. Given the diversity of clinical situations in
which Aboriginal people are managed,4,5 there is a need
for further validation in other Australian Aboriginal
groups with larger numbers of participants, including in
usual-care contexts outside epidemiological studies.
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