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Introduction: The Northern Territory (NT) is a hotspot for chronic kidney disease (CKD) and has a high

incidence of kidney replacement therapy (KRT). The Territory Kidney Care clinical decision support (CDS)

tool aims to improve diagnosis and management of CKD in remote NT, particularly among First Nations

Australians. We model the cost-effectiveness of the CDS versus usual care.

Methods: Taking a health care funder perspective, we modeled a cohort of people from remote NT at risk

of or with CKD, as of January 1, 2017. A Markov cohort model was developed using 6 years of observed

patient-level data (2017–2023), extrapolated to a 15-year time horizon. The CDS tool was modeled to

improve CKD diagnosis (scenario 1), improve management (scenario 2), or improve both diagnosis and

management (scenario 3).

Results: The remote NT cohort consisted of 23,195 people, predominantly (89%) First Nations, with a mean

age of 42 years. Scenario 3 (improved diagnosis and management) was most cost-effective at an incre-

mental cost-effectiveness ratio (ICER) of $96,684 per patient avoiding KRT, $30,086 per patient avoiding

death. Scenario 1 (improved diagnosis) was less cost-effective, and scenario 2 (improved management)

was the least cost-effective. The ICER per quality-adjusted life years (QALYs) gained ranged from $3427

(scenario 3) to $63,486 (scenario 2).

Conclusion: Territory Kidney Care is highly cost-effective when it supports early diagnosis of CKD and

increases optimal management in diagnosed patients. These results support investing in CDS tools,

implemented in strong partnerships, to improve outcomes in settings with a high burden of CKD.

Kidney Int Rep (2025) 10, 549–564; https://doi.org/10.1016/j.ekir.2024.10.028
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T
he NT is a “hotspot” for CKD in Australia.1,2 CKD
prevalence in the NT is over 30% among First Na-

tions adults,3 compared to 10% in the overall NT adult
population.4 Incidence of end-stage kidney disease in the
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NT is also much higher among First Nations people (18.0/
1000) compared to that of non-First Nations people (1.1/
1000).5 First Nations people are Australia’s first people,
with diverse cultures, languages, strong kinships, and
connections to country.6 As with other First Nations
people globally, health inequity contributes to the
disproportionate impacts of CKD among First Nations
Australians.7 CKD is associated with socioeconomic dis-
advantages such as remoteness, lower income, insecure
housing, and other negative impacts of colonisation.8,9

End-stage kidney disease has enormous impacts on
individuals and the health care system. Hemodialysis is
549
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physically demanding and has profound psychosocial
impacts. This is especially true for First Nations people
living away from families and communities to access
dialysis in urban centres.10-12 For First Nations people
across Australia, nearly half of all hospital admissions
(44%) were for care involving dialysis.13 Each dialysis
patient in the NT incurs over $100,000 in total health
care costs per year.14 Dialysis-related costs in the NT
have risen in recent decades because the number of
people requiring dialysis has steadily increased.15,16

Early interventions in CKD are key to slowing or
halting disease progression, and improving the current
situation.17-19

There are distinct challenges with delivering CKD
care in the remote NT setting. The NT covers a large
land mass of almost to 1.4 million km2 but is sparsely
populated with a total population of approximately
250,000 people.20,21 First Nations people are over a
quarter of the NT population, with the majority (75%)
living in remote or very remote areas.21 Caring for
people with chronic disease is complicated by
geographic isolation, workforce shortages,22 highly
mobile populations,23,24 siloed electronic health records
(EHRs) across health services, and suboptimal integra-
tion of care between primary health care and acute
services.25 The Territory Kidney Care project aims to
use CDS tools, implemented in strong partnership with
health services across the NT, to address some of these
challenges in care for patients with CKD and related
chronic conditions.

The Territory Kidney Care project and partnerships
have been described in detail previously.26 The Terri-
tory Kidney Care is a partnership between NT hospi-
tals, primary health care, Aboriginal Community
Controlled Health Services, and Aboriginal Medical
Services Alliance Northern Territory. In brief, the
Territory Kidney Care project began in 2017 and in-
cludes the following: (i) connecting EHRs within an
individual patient–level linked database; (ii) devel-
oping algorithms to provide CDS; (iii) working together
with partner health services to implement CDS for early
detection and management of CKD into routine care;
and (iv) evaluating the implementation and impact of
the project using qualitative, effectiveness, and eco-
nomic methods.

We conducted an economic evaluation of Territory
Kidney Care alongside project implementation. CDS and
similar digital health innovations are often imple-
mented without a clear path for sustained imple-
mentation and funding.27-30 Despite funder interest in
CDS cost-effectiveness, there are surprisingly few in-
stances of economic evaluations conducted for CDS
interventions.31-35 In a 2022 systematic review, we
described cost-effectiveness of CDS interventions for
550
chronic diseases to range widely between USD$2192
and USD$151,955 per QALY gained compared to usual
care. The high heterogeneity observed is attributable to
factors such as differences in study context, differences
in the CDS tools themselves, and different modeling
methods used to estimate cost-effectiveness.32

In this study, we aimed to model the cost-
effectiveness of Territory Kidney Care as a CDS tool
for early CKD diagnosis and management compared to
usual care. Existing CKD economic evaluation models
in the literature36-39 have been developed using pop-
ulations with different demographics and disease pro-
files to that of our target population. These models are
not able to provide realistic estimates of CKD costs and
effects for a predominantly remote First Nations cohort.
Therefore, a secondary aim of this study was to develop
a NT-specific CKD economic evaluation model, based
on longitudinal individual-level data from the Terri-
tory Kidney Care database.
MATERIALS

Setting and Study Cohort

The Territory Kidney Care database, conceptually
similar to a CKD registry, contains linked individual
patient data from across the NT. Data sources include
EHRs from all 6 public hospitals, all 56 NT Health–
managed remote primary health care services, and 11
of 13 Aboriginal Community Controlled Health Services
in the NT. The hospital dataset is linked with the na-
tional death registry. The cohort included for cost-
effectiveness analysis were people within the database
at baseline (January 1, 2017) prior to implementation of
Territory Kidney Care CDS tools, who were at risk of
CKD or living with CKD. Patients at risk of CKD were
defined by having 1 or more documented risk factors for
CKD (e.g., diabetes, hypertension, cardiovascular dis-
ease, and obesity). To ensure data completeness, only
those with linked primary health care EHRs were
included in the cohort; this meant that only remote NT
patients were included, because Territory Kidney Care
currently contains primary health care data from remote
NT clinics. The full inclusion and exclusion criteria are
described in Supplementary Figure S1.

Variables within the database include demographic
information, comorbidities, and other structured EHR
data (e.g., medications and laboratory results). Vali-
dated algorithms are used to process this EHR data to
provide support for the diagnosis and management of
CKD and related chronic conditions.40 For example,
CKD stages 1 to 5 are calculated based on 2012 Kidney
Disease Improving Global Outcomes criteria using pa-
thology results from estimated glomerular filtration rate
and urine albumin-to-creatinine ratio.41
Kidney International Reports (2025) 10, 549–564



Figure 1. State transition diagram for the NT chronic kidney disease model. Mild is CKD stages 1 and 2, moderate is CKD stages 3a and 3b,
severe is CKD stages 4 and 5, KRT includes both dialysis and transplant. CKD, chronic kidney disease; KRT, kidney replacement therapy; NT,
Northern Territory.
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CDS presents intelligently filtered information to
improve health outcomes.42 Risk calculators, visualiza-
tion summaries, and targeted guideline recommenda-
tions are all examples of CDS tools used in CKD.32,43

Many contemporary CDS interventions remain
centered around single-disease alerts, which are poorly
suited for multimorbidity and lead to alert fatigue.32,44

In Territory Kidney Care, the main CDS feature is an
automated summary of derived diagnosis (based on EHR
data) and relevant management information presented to
users in a format similar to that of a problems list on a
discharge summary or physician letter (Supplementary
Figure S2). The summary provides concise and perti-
nent information for clinical decisions, reduces EHR
information overload, and is a preferred form of CDS in
some situations.45,46 For example, the summary may
quickly indicate to clinicians that the patient has an
algorithm-derived diagnosis of CKD stage 3a and hy-
pertension, which have not been formally entered as a
coded diagnosis. This supports clinicians in making a
CKD diagnosis, and initiating appropriate management,
such as starting an angiotensin-converting enzyme in-
hibitor (ACE-i) and optimizing blood pressure control.
Risk calculators (e.g., for cardiovascular risk) and
population-level audit reports are available within the
Territory Kidney Care user interface.

Model Overview

Taking a health care funder perspective, a modeled
economic evaluation was conducted to compare Ter-
ritory Kidney Care CDS intervention to usual care. A
Markov model using NT data sources (described in the
previous section) was used to extrapolate CKD costs
and outcomes. The Markov model structure is dis-
played in Figure 1 (model structure in Supplementary
Kidney International Reports (2025) 10, 549–564
Figure S3). The model has 6 mutually exclusive health
states as follows: at risk of CKD, mild CKD (stages 1
and 2), moderate CKD (stages 3a and 3b), severe CKD
(stages 4 and 5), KRT (dialysis and transplant, modeled
separately), and death. CKD stages were grouped due
to the relatively small numbers of individuals with
severe CKD. The modeled cohort progresses through
the health states in annual cycles, over a 15-year time
horizon, with death as the absorbing state. Individuals
were assumed to either remain in their current health
state, or enter a more severe disease state, throughout
the modeled period.

Transition probabilities were calculated using real-
world individual patient disease progression from 2017
to 2023 (initial 6 years). These findings were extrapo-
lated to 15 years to reflect the chronic nature of CKD
and the plausible lifespan of the CDS tool. Costs were
reported from an Australian healthcare funder
perspective and in 2023 $AUD. Australian Institute of
Health and Welfare (AIHW) health price deflators were
used to convert costs to 2023 dollars where required.47

Outcomes were reported as the incremental cost per (i)
patient avoiding kidney replacement therapy (KRT), (ii)
patient avoiding death, (iii) life year gained, and (iv)
quality-adjusted life year (QALY) gained. In the base
case discounting was set at 5% for both future costs
and outcomes.48,49 Statistical analyses were conducted
in R (version 4.2.3),50 and Python (version 3.9.12).51

Modelled economic evaluation was performed in
TreeAge Pro (version 2024).52

Scenarios Modeled

Proportions of people diagnosed and managed in the
usual care scenario were estimated from the 2017
baseline data of the study population (Supplementary
551
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Table S5). Three modeled scenarios were considered in
the cost-effectiveness analysis of the CDS intervention.
In scenario 1, we estimated the cost-effectiveness of the
CDS in improving diagnosis of CKD by 30%. The
proportion diagnosed refers to the number of people
with a CKD-coded diagnosis within their EHR out of all
patients meeting diagnostic criteria for CKD according
to Kidney Disease Improving Global Outcomes guide-
lines based on estimated glomerular filtration rate and
urine albumin-to-creatinine results. Coded diagnosis
refers to hospital-based International Statistical Classi-
fication of Diseases 10th version, Australian Modifica-
tion; and the primary care–based International
Classification of Primary Care, version 2 coding sys-
tems. In scenario 2, we estimated the cost-effectiveness
of the CDS in improving early management of CKD by
30%, in those who have been correctly diagnosed for
CKD. Optimal early management is assumed to
encompass evidence-based CKD care to slow CKD pro-
gression; such as, improved use of medications (e.g.
ACE-i, angiotensin II receptor blockers), improved
blood pressure, and enhanced blood glucose manage-
ment. In scenario 3, we considered the cost-
effectiveness of improvements in both diagnosis and
management (30% in each).
Table 1. Intervention costs
Cost type

Incremental CDS implementation þ maintenance costa

Server costs

IT contractor – ongoing maintenance
Software developer – 1.0 FTE
Testing/validation officer – 0.4 FTE
Aboriginal Community Controlled Health Service implementation officers – 1.0 FTE total (0.2 FTE
Aboriginal implementation and consumer engagement officer – 0.4 FTE
Health informatics nurse – 1.0 FTE
Senior researchers – 1.0 FTE (0.5 FTE x 2 researchers)

Total CDS cost for all patients

Total cost per patient (n ¼ 37,398b)

Incremental CDS cost (additional health care resource use)

Diagnosis
GP visits – standard consult $40 x 2
Pathology test – $15 per test x 2

Management
Medication use (e.g., ACE-I or ARB) – $20 per month x 12 months

Total cost per patient

Incremental CDS cost (health care resource use efficiency gains)

Medical practitioner 5 min/patient/yr (at $195 per hour)

Nurse 10 min/patient/yr (at $100 per hour)

Total cost per patient

Overall incremental cost for CDS armc

CDS implementation/maintenance cost ($26) þ
CDS cost (additional health care resource use) ($350) �
CDS cost (health care resource use efficiency gains) ($33) ¼
Total incremental cost for CDS/patient/yr ($343)

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CDS, cli
Northern Territory; PBS, Pharmaceutical Benefits Scheme.
aProject staff costs all include 30% on-costs.
bTotal project costs are divided by all active patients in the Territory Kidney Care database, w
cAll patients in the intervention arm incurred an incremental CDS implementation and mainten
management, an incremental health care resource use cost and health care resource use eff

552
Little published evidence is available on the effect
size of a holistic early CKD intervention in First Nations
people.53 Baker et al. described an early CKD program in
a single remote NT community, using a study-based
relative risk (RR) of 0.43 for intervention versus usual
care for disease progression to KRT.48 We assumed the
RR per year of CKD progression (any worsened health
state) to be 0.76 in the optimally managed group,
compared to those not diagnosed and/or not optimally
managed. This is similar to effect sizes assumed in a
range of CKD screening cost-effectiveness studies, where
screening is assumed to increase early optimal manage-
ment.49,54 Technical details on intervention effect esti-
mates are described in the Supplementary Methods.

Model Parameters

Costs are expressed in Australian dollars for the year
2023 unless otherwise stated. Annual health care costs
were calculated using primary data from the NT study
cohort where possible (e.g., emergency department,
inpatient, outpatient, primary care, medication, and
investigation costs) (Supplementary Table S3).55 He-
modialysis costs were from an NT costing study by
Gorham et al.14 Transplant costs used previous national
estimates.56 All patients in the intervention arm
Cost ($)/yr Reference

$50,000 Territory Kidney Care project costs

$130,000
$165,100
$52,000

at 5 sites) $165,100
$39,000
$175,500
$210,600

$987,300

þ$26

$80
$30

MBS57

$240 PBS58

þ$350

-$16 Expert opinion

-$17 Expert opinion

-$33

nical decision support; FTE, full time equivalent; MBS, Medicare Benefits Scheme; NT,

ith and without a primary health care–linked electronic health record (n¼37,398).
ance cost. For patients with mild and moderate CKD who underwent diagnosis and/or
iciency gain was calculated.

Kidney International Reports (2025) 10, 549–564



Table 2. Parameters and sensitivity analysis

Parameter Base case

One-way sensitivity
range (minimum,

maximum)
Probabilistic sensitivity

analysis Reference

Time horizon 15 yrs 10 yrs, 20 yrs Not included Assumed

Discount rate 5% 3%, 7% Not included PBAC/MSAC59,60

Transition probabilities Time-dependent Lower limit, higher limita PERT Own data, Territory Kidney Care
database

Cost – annual health care CKD
At risk: $6421
Mild: $10,290

Moderate: $17,282
Severe: $56,326

KRT
HD total $127,569 ($78,898 HD þ
$48,671 other health care costs)
Tx total $64,837 ($16,166 Tx þ
$48,671 other health care costs) –

also add $93,807 in initial year for first
year costs

� 15% for all costs Gamma (mean, SD from
original data source where

available)

CKD
Own data and NT costs55

KRT
Annual health care costs (other than HD,

Tx) from NT costing study,14

HD from NT costing study,14

Tx from Kidney Health Australia report56

Cost – intervention (incremental) CDS maintenance þ$26
CDS health care cost

þ$350
CDS efficiency gains �$33

� 30% for all costs Gamma (mean, SD assumed
at 5% of mean)

Own data, Territory Kidney Care project
costs – see also Table 1: Intervention

costs

Utilities CKD
At risk: 1.0
Mild: 0.85

Moderate: 0.8
Severe: 0.65

KRT
HD: 0.75
Tx: 0.8

þ/- 15% Beta (mean, SD assumed
0.10)

Published literature61

% improvement in diagnosis 30% 20%, 40% Assumed Expert opinion

% improvement in optimal management 30% 20%, 40% Assumed Expert opinion

Intervention effect RR: 0.76 � 15% PERT Published literature,49,54 expert opinion

CDS, clinical decision support; CKD, chronic kidney disease; HD, hemodialysis; KRT, kidney replacement therapy; MSAC, Medical Services Advisory Committee; NT, Northern Territory;
PBAC, Pharmaceutical Benefits Advisory Committee; Tx, transplant.
aHazards are used to extrapolate an initial 6 years of observed data to a 15-year time horizon. In sensitivity analysis, lower and higher limits for transition probabilities are derived from
low and high hazard scenarios. Details are presented in the Supplementary Methods.
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incurred an incremental CDS implementation and
maintenance cost ($26 /person/yr). For patients with
mild and moderate CKD who underwent diagnosis and/
or optimal management, an incremental health care
resource use cost was also added ($350/person/ yr). In
these same patients benefiting from the CDS, additional
costs were partially offset by health care resource use
efficiency gains ($33/person/yr). Given that the CDS
targeted improved CKD diagnosis and management
before development of severe CKD, no change to costs
or outcomes was applied to patients with severe CKD
(intervention vs. usual care). In-kind contributions,
such as opportunity costs associated with stakeholder
meetings, were not included. CDS intervention cost
calculations are presented in Table 1,57,58 and all model
parameters are presented in Table 2.59-61

Intermediate outcomes of the model included stages
of CKD and KRT, as defined by Territory Kidney Care
EHR-based algorithms.40 Final outcome was reported as
cost per patient avoiding KRT, and cost per patient
avoiding death. As a secondary analysis, cost per life
year gained, and cost per QALY gained were reported.
The number of individual patients avoiding KRT and
Kidney International Reports (2025) 10, 549–564
deaths are not additive outcomes, because some pa-
tients avoiding KRT would also have avoided death
(double counting of effectiveness). To calculate QALYs,
there were no First Nations people–specific utility
weights available for CKD and KRT health states. Thus,
published utility weights from a systematic review
were used (Table 2).61 With the negative impact of
relocation for dialysis,10,11 the utility of dialysis in the
NT First Nations population is likely to be lower than
that of the general population.

Transition Probabilities

Transition probabilities in the NT CKD model were
calculated using hazard function features in TreeAge
Pro. Flexible methods for survival analysis offer ad-
vantages over fixed transition probabilities or standard
parametric survival models (e.g., Weibull and Gom-
pertz distributions); flexibility accounts for changes to
hazards over time.62,63 In our CKD model, the first 6
years reflected observed disease progression in the
modeled cohort, and the remaining years were
extrapolated. Transition probabilities were calculated
by first creating Kaplan-Meier tables to each outcome of
553
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interest (e.g., KRT and death), which were then con-
verted to hazards. In the base case, a linear progression
in hazard rates was assumed beyond the observed
period. The hazard rates were then converted using a
rate to probability formula to derive time-dependent
annual probabilities (e.g., 1-year, 2-year transition
probabilities). Technical details of methods and for-
mulas used are presented in Supplementary Tables S4
to S6, and Figure S4.

Model Validation

Face validation involved various consultations with
clinician experts across nephrology, primary care, and
other clinical specialties. This ensured that the model
structure and assumptions were clinically valid and
relevant to the NT context. Internal validation was
conducted to assess the model’s ability to accurately
reflect survival data during the observed period.
External validation was performed by comparing
model projects of KRT and survival outcomes with
known median survivals from the Australian and New
Zealand Dialysis and Transplant Registry and other
published sources.16,64-66

Sensitivity Analysis

In Table 2, we provide the range of parameters tested
in 1-way sensitivity analysis, and distributions used in
the probabilistic sensitivity analysis. One-way sensi-
tivity analysis of transition probabilities involved
testing hazard functions which remained constant
beyond the observed period (low hazards scenar-
io;,equivalent to exponential decline), and a hazard
function that increased linearly at the same rate as the
observed period (high hazards scenario)
(Supplementary Figure S5). The base case had hazards
at 15 years, which was halfway between the low and
high hazard scenarios. Probabilistic sensitivity analysis
was conducted with 10,000 second order Monte Carlo
simulations involving most parameters in Table 2.

In Australia, there is substantial room for improved
uptake of newer, effective medications for CKD,
including sodium glucose cotransporter 2 (SGLT2) in-
hibitors.67-70 Therefore, an additional scenario analysis
was conducted, where the additional costs and the ef-
fect of SGLT2 inhibitors were used alongside other
optimal CKD management (base case considered the
yearly medication cost of ACE-i or angiotensin II re-
ceptor blocker only). In terms of costs, an additional
yearly medication cost for SGLT2 inhibitors of $670
was included (base case $240),58 with a RR per year of
CKD progression to be 0.47 in the optimally managed
group, compared to those not diagnosed and/or not
optimally managed (base case 0.76).71 This equates to a
RR of 0.62 for CKD progression in those with additional
554
SGLT2 inhibitor use, compared to those with optimal
CKD management on ACE-I or angiotensin II receptor
blockers alone.67-69,71 An estimated 30% of people with
mild to moderate CKD were estimated to be eligible for
SGLT2 inhibitors based on diabetes or CKD indications.
Details of the sensitivity analysis of hazard functions,
and details of the scenario analysis involving increased
SGLT2 inhibitor use in optimal CKD management are
presented in the Supplementary Methods.

Ethics

The study protocol for the Territory Kidney Care
evaluation, including economic evaluation, was
approved by the Human Research Ethics Committee of
NT Health and Menzies School of Health Research
(NTHREC 2021-4102). The Territory Kidney Care
Steering Committee, NT Health Research Governance
Office, and partner organizations such as Aboriginal
Medical Services Alliance Northern Territory and in-
dividual Aboriginal Community Controlled Health
Services, reviewed and approved the evaluation
protocol.

RESULTS

Modeled Cohort

The Territory Kidney Care cohort had 23,195 in-
dividuals at risk of CKD or with CKD, from remote or
very remote NT. At the 2017 baseline, their mean age
was 42 years. There were more females than males
(55% vs. 45%), and the majority were First Nations
people (89%). Common comorbidities included dia-
betes (34%), hypertension (34%), and obesity (31%).
Additional baseline characteristics are presented in
Supplementary Table S1.

CKD disease progression in this cohort was observed
for 6 years (2017–2023) and projected to 15 years. The
Markov cohort analysis report for the usual care group
is shown in Supplementary Figure S4. Overall median
survival for the entire cohort was 14 years
(Supplementary Table S2). The median survival was
much lower in those with severe CKD (4.8 years), he-
modialysis (6.8 years), and transplant (9.2 years),
compared to those at risk of CKD (27 years). Kaplan
Meier survival curves (red) and fitted survival curves
(blue) are presented in Figure 2.

Validation

In Figure 2, we show the internal validation results,
where Kaplan-Meier survival curves are compared with
modeled survival curves derived from fitted hazard
functions for outcomes of KRT and death. Fitted sur-
vival curves (blue) closely follow Kaplan-Meier curves
(red) for the first 6 years of observed data. For 6 years
to 15 years the projected survival curves are shown.
Kidney International Reports (2025) 10, 549–564



Figure 2. Observed Kaplan Meier survival curves for initial 6 years (red) and fitted survival curves (blue) for years 6 to 15. CKD, chronic kidney
disease; KRT, kidney replacement therapy (includes hemodialysis and transplant).
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For external validation, median survival on hemo-
dialysis and transplant were compared with previ-
ously published literature. Unadjusted median
survival on dialysis for the predominantly First
Kidney International Reports (2025) 10, 549–564
Nations population in this cohort were higher than the
previously described median survival of hemodialysis
in the NT population in 2005 to 2009 (6.8 vs. 5.5
years).16 Our estimate was close to the Australian and
555



Table 3. Incremental cost-effectiveness ratio results
Strategy Usual care Scenario 1: improve diagnosis Scenario 2: improve management Scenario 3: improve both

Costs Cost $124,931 $125,323 $125,592 $125,216

Incremental - $392 $661 $285

Outcome - KRT KRT 0.206 0.204 0.205 0.203
Incremental - 0.002 0.001 0.003

ICER ($ per patient avoiding KRT) - 162,046 1,213,064 96,684

Outcome - death Deaths 0.633 0.624 0.632 0.623
Incremental - 0.009 0.001 0.009

ICER ($ per patient avoiding death) - 44,427 998,603 30,086

Outcome - LYs LYs 6.846 6.930 6.859 6.942
Incremental - 0.084 0.013 0.096

ICER ($ per LY gained) - 4670 51,512 2954

Outcome - QALYs QALYs 6.022 6.095 6.033 6.105
Incremental - 0.073 0.010 0.083

ICER ($ per QALY gained) - 5,372 63,486 3,427

Dx, diagnosis; ICER, incremental cost-effectiveness ratio; KRT, kidney replacement therapy; LY, life years; Mx, management; QALYs, quality-adjusted life years.
Costs and outcomes are reported for a cohort size of “1” over the 15-year time horizon, that is, average values per individual. Costs include intervention costs, as well as health care
costs. Rounded to 3 decimal places for outcomes and whole dollars.
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New Zealand Dialysis and Transplant Registry overall
median survival of the Australian population aged 45
to 64 years at 6.4 years. Median transplant survival
was described to be approximately 5 years in the NT
in early 2000s;64 however, current (2010–2019) trans-
plant survival at 5 years for First Nations Australians
is estimated to be 84%.65 Noting the relatively small
number of people in the transplant group available for
analysis (n ¼ 71), the modeled cohort had a 5-year
transplant survival of approximately 90%, with a
median survival of 9.2 years. Life expectancy in the
at-risk cohort with no CKD was 67 years, similar to the
population-wide life expectancy of First Nations men
(65.6 years) and women (69.7 years) in a recent NT
study.66
Cost-Effectiveness Results

In Table 3, we show that the Territory Kidney Care CDS
intervention groups had fewer cases of KRT and deaths
compared to usual care over the 15-year time horizon.
In the optimal scenario (scenario 3: improved diagnosis
and management) versus usual care, 68 people were
projected to avoid KRT and 219 people were projected
to avoid death over 15 years. Between the intervention
groups, incremental costs were lowest for scenario 3
($611/person, over 15-year time horizon), due to
downstream cost savings.

For KRT and deaths as outcomes, ICERs ranged from
scenario 3 (improved diagnosis and management) be-
ing most cost-effective at $96,684 per patient avoiding
KRT and $30,086 per patient avoiding death, to sce-
nario 2 (improved management only) being least cost-
effective in at $1.2 million per patient avoiding KRT
and close to $1 million per patient avoiding death. In
our cohort, which includes fewer patients with severe
CKD (than mild or moderate CKD), the overall risk of
death was higher than the risk of KRT (Figure 2).
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Thus, the CDS intervention had a greater impact
(lower cost) for preventing death than preventing
people starting KRT.

In terms of QALYs, scenario 3 (improved diagnosis
and management) was most cost-effective at an ICER of
$3,427 per QALY gained. Scenario 1 (improved diag-
nosis only) had a similar ICER at $5372 per QALY
gained. Scenario 2 (improved management only) had a
higher ICER of $63,486 per QALY gained. Improving
the proportion of people diagnosed with early CKD has
a greater impact than improving the proportion of
people with optimally managed CKD because the model
assumes that accurate diagnosis is a necessary prior
step to optimal management.
Sensitivity Analysis

In Figure 3, we display the 1-way sensitivity tornado
diagram; and in Table 4, we display results of other
scenario analyses. One-way sensitivity analysis on
scenario 3 showed that ICERs were most sensitive to
changes to intervention effect (RR of CKD progression
in optimal management), time horizon, and assumed
proportion of people with improved diagnosis of early
CKD in the intervention group. Decreasing the time
horizon and assuming slower progression (lower tran-
sition probabilities) improved cost-effectiveness of the
CDS intervention because improvements seen in the
CDS group compared to usual care occurred early in the
time horizon (disease process). Within all scenarios
tested, the CDS intervention remained < $18,000 per
QALY gained. The inclusion of costs and effects of
SGLT2 inhibitors in optimal CKD management further
improved cost-effectiveness of the CDS intervention
across all outcomes. The probabilistic sensitivity anal-
ysis found that >95% of simulations were cost-
effective, if the willingness-to-pay threshold is set at
$50,000 per QALY (Figure 4).
Kidney International Reports (2025) 10, 549–564



Figure 3. One-way sensitivity analysis results – tornado diagram, usual care versus Territory Kidney Care. *In the Markov model, the de-
nominator for this variable is 1.25. Therefore, the upper and lower limits of RR tested in the sensitivity analysis are 0.65 and 0.87, respectively.
Red represents scenarios where ICER is higher than the base case, blue represents scenarios where ICER is lower than the base case, and
grey line represents expected value in the base case. CDS, chronic kidney disease; CKD, chronic kidney disease; Dx, diagnosis; EV, expected
value; HD, hemodialysis; ICER, incremental cost-effectiveness ratio; KRT, kidney replacement therapy; Mx, management; RR, relative risk; Tx,
transplant.
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DISCUSSION

Early detection and management are a key focus in
tackling the social and economic burdens of CKD
among First Nations Australians.18,19 We show that
Territory Kidney Care, as a CDS tool for facilitating
early CKD care in a predominantly First Nations remote
NT population with a high burden of CKD and KRT, is
likely to be highly cost-effective. In the optimal sce-
nario, where diagnosis and management are both
improved by 30% (scenario 3), the ICER was $96,684
Table 4. Base case and other scenario analysis

Scenario
ICER

($ per patient avoiding KRT)

Base case (scenario 3 with improved Dx þ Mx) 96,684

Transition probabilities – lower limita Intervention

Transition probabilities – upper limita 472,383

Time horizon 10 yrs (base, 15 yrs) Intervention

Time horizon 20 yrs 365,163

Discounting 3% costs and outcomes (base, 5%) 135,862

Discounting 7% 71,161

Intervention effect RR 0.65 (base RR, 0.76) Intervention

Intervention effect RR, 0.87 516,989

Proportion with improved diagnosis and
management 20% (base, 30%)

237,617

Proportion with improved diagnosis and
management, 40%

30,933

SGLT2 inhibitor costs and effects included in optimal
management – RR 0.47 (base RR 0.76)

87,102

Dx, diagnosis; ICER, incremental cost-effectiveness ratio; KRT, kidney replacement therapy; LY
sodium glucose cotransporter 2.
aHazards are used to extrapolate an initial 6 years of observed data to a 15-year time horizon. I
low and high hazard scenarios. See Supplementary Methods for details.
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per KRT averted, $30,086 per death averted, and $3427
per QALY gained. The ICER for scenario 3
remained <$18,000 per QALY gained under all sensi-
tivity analyses tested. Together, this provides evidence
that the CDS tool, if implemented effectively alongside
strong partnerships across health services, represents a
high-value investment.

Digital tools are unlikely to be effective in isolation.
A strength of the Territory Kidney Care CDS inter-
vention is that it has been codeveloped and imple-
mented with the effort of both government and
ICER
($ per patient avoiding death

ICER
($ per LY gained)

ICER
($ per QALY gained)

30,086 2954 3427

was cost saving and more effective than usual care (dominant)

116,865 7847 9202

was cost saving and more effective than usual care (dominant)

114,221 7198 8399

40,771 3407 3965

22,748 2576 2981

was cost saving and more effective than usual care (dominant)

159,260 14,928 17,344

73,832 7186 8340

9501 949 1099

27,143 2656 3085

, life year; Mx, management; QALY, quality adjusted life year; RR, relative risk; SGLT2,

n sensitivity analysis, lower and higher limits for transition probabilities are derived from
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Figure 4. Probabilistic sensitivity analysis results. (a) shows the probabilistic sensitivity analysis results with 10,000 second order Monte Carlo
simulations on an incremental cost-effectiveness plane. The dotted line indicates the WTP threshold of $50,000 per QALY. Red dots above the
line are considered not cost-effective, whereas green dots below the line are considered cost-effective. (b) shows results of the probabilistic
sensitivity analysis on a cost-effectiveness acceptability curve. The red line indicates likelihood (%) of the CDS intervention being cost-effective
and the blue line indicates likelihood of usual care being more cost-effective. ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted
life year; WTP, willingness-to-pay.
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sectors, hospital and primary health care, and clinicians
across many clinical domains.26 The CDS tool is
continuously developed with clinician input, and can
be updated to incorporate the latest Australian diag-
nosis and management guidelines for CKD and related
chronic conditions. Within this context, it is realistic
for the CDS to achieve a 30% improvement in both
CKD diagnosis and management once it is fully rolled
out across partner organizations.

The strength of our NT CKD model is that it repre-
sents one of few CKD economic evaluation models
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developed for a predominantly First Nations cohort, a
population known to have a disproportionately high
burden of CKD and rapid disease progression.2,4,5 The
model was built on observed individual-level longitu-
dinal data for the modeled cohort. The CKD cohort
within Territory Kidney Care were younger than
similar CKD registry cohorts in other states of
Australia,72,73 which is reflective of a strikingly high
diabetes prevalence among First Nations people in the
NT from a young age.74-76 The use of real-world esti-
mates of disease progression is important in reflecting
the comparatively worse CKD outcomes experienced by
Kidney International Reports (2025) 10, 549–564
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our cohort compared to the general population. Model
validation showed that the modeled outcomes closely
reflect observed data and is consistent with known
published estimates of KRT survival.

Previous NT research has demonstrated that early
chronic disease care for First Nations people in the NT
is highly cost-effective for preventing morbidity and
mortality.48,77,78 In a trial-based economic evaluation,
Baker et al. described a First Nations CKD program that
saved costs, and reduced cases of KRT in a remote
community.48 Our findings are consistent with studies
in the wider Australian population.37,79 Howard et al.
modeled cost-effectiveness of early CKD strategies in a
nationally representative cohort and found that most
strategies for screening or management of risk factors
(e.g., enhanced blood pressure control) saved costs, or
represent good cost-effectiveness (ICER up to a
maximum of $13,781 per QALY gained).37 Interna-
tionally, Ferguson et al. estimated the cost-effectiveness
of early CKD screening and management in First Na-
tions Canadians to be $23,700 per QALY gained
compared to usual care.54 However, the studies
mentioned in the above comparisons were not evalua-
tions of CDS interventions. HealthTracker is an
Australian cardiovascular risk CDS tool targeting con-
ditions related to CKD, but without an explicit focus on
CKD; the results of the 2020 modeled evaluation
showed that cost-effectiveness was $7406 per major
cardiovascular event averted.80 Direct ICER comparison
across CDS studies is limited by changes in CDS tech-
nology over time, vast differences in implementation
strategies and uptake, and differences in health care
settings.31-33

There are limitations to using EHR data for sec-
ondary purposes. First, the Territory Kidney Care
database encompasses EHR data across the NT; how-
ever, not all health services are current partners.
There is potentially missing information about CKD
progression for people with earlier stages of CKD not
requiring hospital care. Second, although registry-
based retrospective cohort studies have the advan-
tage of extending beyond the follow-up periods of
most prospective studies, a limitation of using it for
survival analysis is that loss to follow-up is unmea-
surable.81 For example, it is not possible to discern
whether a person with moderate CKD did not need to
attend health services in the last several years, or was
lost to follow-up (e.g., moved interstate). Third, peo-
ple who were deceased before 2015 are not included in
the database, and there can be a lag time of up to 12
months before deaths are registered in the database.
Therefore, it was not feasible to extend the survival
analysis to a longer follow-up period (e.g., 10-year
period between 2013 and 2023).
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Using a direct health care cost perspective in this
cost-effectiveness analysis has limitations. In the NT,
eligible patient travel (within NT or interstate) are
publicly funded and includes transport and accom-
modation costs. These costs contribute substantially to
public hospital budgets in the NT. There are oppor-
tunities to include indirect health care costs, and so-
cietal costs in future economic evaluations.

Modeled scenarios and effect sizes in this study are
based on best available evidence in terms of local data,
published literature, and expert opinion; however,
these will need to be confirmed with future study-
based evaluation of clinical effectiveness. The CKD
model is a limited and simplified representation of
clinical complexity. Given that most First Nations
people requiring KRT are on center-based hemodialy-
sis, all forms of dialysis were combined to 1 health
state. Therefore, the costs and outcomes may not reflect
other forms of dialysis (e.g., peritoneal dialysis). The
modeled scenario also considers early CKD management
as a bundled intervention uniform effect size on disease
progression. In practice, CKD interventions would also
have different effect sizes within the cohort. For
example, people with diabetes and albuminuria are
more likely to benefit from ACE-i use than those
without. Microsimulation may be helpful in addressing
heterogeneity and examining cost-effectiveness within
subgroups of interest.36,82,83 Furthermore, our modeled
benefit of optimal management is relatively conserva-
tive (RR of 0.76 for CKD progression) compared to re-
ported benefits of individual CKD medications, such as
that of SGLT2 inhibitors in recent clinical trials.67,68,84

We assessed the cost-effectiveness of CDS-facilitated
CKD early detection and management, primarily
focusing on those with mild to moderate CKD (the
majority of our study cohort), which may not apply to
individuals with severe CKD. Furthermore, our study
was conducted within a remote NT population,
focusing on First Nations Australians with a high
burden of CKD. Thus, the cost-effectiveness results
may not be generalizable to settings with different CKD
disease burdens, different health care settings, and
countries with substantially different health care costs
and resources.

As with many CDS interventions, the Territory
Kidney Care CDS does not only address a single disease
but extends to a multiplicity of conditions.31 The po-
tential additive effects of improvements in related
chronic conditions (e.g., diabetes and cardiovascular
disease) were not modeled in this evaluation. Future
work could focus on incorporating these related
chronic conditions and their outcomes into a CKD
model. Observed effectiveness results post-
implementation could be used to update modeled
559
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estimates of cost-effectiveness. Our unpublished
formative qualitative work indicates the possibility of
efficiency gains across other clinical domains such as
emergency and anesthetic departments in the NT.
Thus, the true efficiency and outcome gains in using
the CDS are likely to be greater than what is currently
modeled.

CONCLUSION

We modeled cost-effectiveness of a CDS implementa-
tion for remote NT, with a predominantly First Nations
population. Compared to usual care, Territory Kidney
Care can improve early diagnosis and management of
CKD at an ICER of $96,684 per patient avoiding KRT,
and $30,086 per patient avoiding death. When
considering QALY outcomes, the CDS intervention is
highly cost-effective at an ICER of $3427 per QALY
gained. Furthermore, the impact of the CDS may be far
greater if it is fully implemented to improve manage-
ment of related chronic conditions such as diabetes and
cardiovascular disease. Our study supports an invest-
ment into effective implementation of digital tools and
health service partnerships such as Territory Kidney
Care, which can both improve CKD outcomes and be
cost-effective to the health care system.
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