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ABSTRACT

Objectives. To project the prevalence of people receiving dialysis in Australia for 2021-30 to
inform service planning and health policy. Methods. Estimates were based on data from 201 | to
2020 from the Australia & New Zealand Dialysis & Transplant (ANZDATA) Registry and the
Australian Bureau of Statistics. We projected dialysis and functioning kidney transplant recipient
populations for the years 202[-30. Discrete-time, non-homogenous Markov models were built
on probabilities for transition between three mutually exclusive states (Dialysis, Functioning
Transplant, Death), for five age groups. Two scenarios were employed — stable transplant rate vs
a continued increase — to assess the impact of these scenarios on the projected prevalences.
Results. Models projected a 22.5-30.4% growth in the dialysis population from 14 554 in 2020 to
17 829 (‘transplant growth’) — 18973 (‘transplant stable’) by 2030. An additional 4983-6484
kidney transplant recipients were also projected by 2030. Dialysis incidence per population
increased and dialysis prevalence growth exceeded population ageing in 40-59 and 60—69 year
age groups. The greatest dialysis prevalence growth was seen among those aged >70 years.
Conclusion. Modelling of the future prevalence of dialysis use highlights the increasing demand
on services expected overall and especially by people aged >70 years. Appropriate funding and
healthcare planning must meet this demand.
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Introduction

Chronic kidney disease is a risk for one in three adult Australians and if untreated may
lead to kidney failure.” Kidney failure (KF) may be treated with either dialysis or kidney
transplant, collectively termed kidney replacement therapy (KRT), or managed with a
conservative care pathway. Treatment is expensive, exceeding a total cost of
A$1.2 billion to the Australian Government when last assessed, and requires a specialised
infrastructure and workforce.? Dialysis capacity in all jurisdictions is severely limited,
although rarely publicly recognised.>

Projecting future dialysis prevalence and thus demand on capacity is essential for
healthcare funders and providers to estimate consumer burden and effective future
management of infrastructure, staffing and resources. Projections are especially impor-
tant given the increased prevalence of older people with treated KF, with dialysis users
aged =70years growing by 37% from 2011 to 2020 to account for almost 40% of
prevalence.” The impact of the ageing population on KF care is likely to be substantial
given the more complex and costly renal needs.” Older people are more likely to use more
costly facility haemodialysis than self-care options (home haemodialysis or peritoneal
dialysis) or receive a kidney transplant (a description of these modalities can be found in
Supplementary Table S1).
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Projecting transfers between dialysis and transplant mod-
alities must supplement incidence and mortality modelling,
as the life expectancy, cost and quality differ among treat-
ment modalities.® Markov modelling is commonly used for
projecting disease prevalence in such situations with multi-
ple mutually exclusive states.” The most recently published
projections, for 2012-20, employed Markov modelling and
data from the Australia & New Zealand Dialysis &
Transplant (ANZDATA) Registry.® Those age-specific dialy-
sis prevalence projections were generally within 5% of sub-
sequently reported actual prevalence.*

To inform Australian health policy and funding and opti-
mise health care service delivery, a detailed understanding
of future trends in dialysis prevalence is vital, considering
the effects of population growth and ageing. We used
Australian Bureau of Statistics (ABS) population data and
recent trends sourced from ANZDATA data to project
demand for dialysis (and kidney transplantation) for
2021-30, to evaluate the future burden on individuals,
community and the health system.

Methods

Models

The dialysis and functioning kidney transplant recipient pop-
ulations from 2021 to 2030 were projected using discrete-
time, non-homogeneous Markov models (Fig. 1). Time was
incremented in calendar years, with the prevalent numbers
projected being those at the end of that year. Age (at the end
of each year) was categorised into 0-19, 20-39, 40-59,
60-69 and =70years. The estimated transition rates were
based on inspection of models of the observed ANZDATA
data from 2011 to 2020. Estimations were verified for con-
sistency with current clinical experiences by authors with
clinical expertise (GLL, SJ, SPM). All transition rates are listed
in Supplementary Tables S2-S4.

Population

incidence

Functioning
<:> kidney
transplant

Fig. I. lllustration of the Markov model of prevalent kidney replacement
therapy for kidney failure. Solid arrows indicate possible transitions.

Incident KRT and dialysis rates

Incident KRT and dialysis-as-first-KRT numbers were esti-
mated relative to the size of the Australian population in
that age group. For incident KRT, a constant age-specific
rate was assumed at the mean of the yearly rate for 2016-20
for all but the 60-69 year age group, where linear growth
over time was assumed based on a linear regression fit to the
data for 2016-20. For dialysis, linear growth was assumed
based on a regression of 2016-20 for the 40-59-year and
60-69-year age groups. For the 0-19-year, 20-39 and
=70year age groups, a constant age-specific rate was
assumed at the mean of the yearly rate for 2016-20.

Rates of return to dialysis, mortality and ageing

Loss of transplant function (‘graft failure’) and return to
dialysis is another transition, which augments incidence to
increase prevalence (Fig. 1). Rates of return to dialysis after
transplantation were estimated as a proportion of the prev-
alent transplant population in each age group. Constant age-
specific rates were assumed at the mean of the yearly rate
for 2016-20.

Mortality rates for both the dialysis and transplant popu-
lations were estimated as proportions of the prevalent pop-
ulations in that age group. A constant rate was assumed at
the mean of the yearly rate for 2016-20, or — where the rate
was zero — for 2011-20 (0-19-year age group). The proba-
bilities of people ‘ageing’ into the older category within the
dialysis and transplant groups were estimated according to
the mean proportion of people that changed categories from
each group over 2011-20.

Transplant rates

Living donor pre-emptive transplant rates (people receiving a
kidney transplant without prior dialysis) were calculated as a
proportion of the incident KRT cohort, and living donor trans-
plants following dialysis were calculated as a proportion of the
prevalent dialysis population in the previous year. Living
donor transplant rates and deceased donor pre-emptive trans-
plant rates were assumed to be constant at the mean of the
yearly rate for 2015-19. Deceased donor transplant rates were
estimated relative to the total size of the Australian population,
for both pre-emptive transplants and transplants following
dialysis. Two scenarios were evaluated for deceased donor
transplantation following dialysis. The ‘transplant stable’
model assumed a steady state at the mean of the yearly rate
for 2015-19. The ‘transplant growth’ model used linear
growth over time based on a linear regression fit to the data
for 2015-19, or for 2010-19 where the rate was negative (for
the 40-59-year age group). To estimate the number of
deceased donors required to provide the projected number
of deceased donor kidney transplants, the mean ratio of
deceased donor kidney transplants to actual deceased donors
for 2016-20 was calculated. For all transplant rate
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calculations, 2020 data were omitted due to coronavirus dis-
ease 2019 (COVID-19) driven pauses in transplantation
that year.

Assumptions

Dialysis and transplant vintage were not accounted for in
modelling. Inspection of observed data for transitions by
vintage revealed few clear trends; the decision to omit
vintage also served to minimise the number of transitions
and hence assumptions and errors. For similar reasons,
models were also not stratified by dialysis modality.
Instead, to project future prevalence by dialysis modality,
the relative proportions of each modality were held constant
in each age group based on the 2016-20 mean prevalence.

Ethics

We used publicly available ABS data, and data from
ANZDATA with approval from the Central Adelaide Local
Health Network Human Research Ethics Committee (HREC
Reference number HREC/17/RAH/408, CALHN Reference
number, R20170927).

Results

Models projected that dialysis and functioning kidney trans-
plant prevalences would increase markedly from 2021

Table |I. Dialysis and transplant prevalences (actual 2020, projected
2025 and 2030) for ‘transplant stable’ and ‘transplant growth’ models.

Age in 2020 ‘Transplant stable’ ‘Transplant
years growth’
Projected Projected
2025 2030 2025 2030
Dialysis
0-19 70 75 80 68 6l
20-39 1022 1088 1154 1024 1003
40-59 4218 4561 5054 4427 4709
6069 3460 4087 4661 3916 4273
270 5784 6849 8025 6740 7783
Total 14554 16 660 18973 16 174 17 829
Transplant
0-19 312 356 393 364 415
20-39 1692 1915 2106 1981 2269
40-59 5371 6231 7015 6383 7446
6069 3573 4307 4974 4507 5498
270 2182 2906 3626 3039 3986
Total 13130 15714 18113 16275 19614

364

to 2030, regardless of the scenario employed (Table 1).
Projected dialysis (by modality) and transplant prevalences
for all years and both scenarios are in Supplementary
Table S5.

Dialysis population projections

Estimated dialysis incidence rates for 2021-30 were highest
among those aged =70 years (349 per million persons per
year). The ‘transplant stable’ model projected that dialysis
prevalence would increase from 14 554 to 18 973 people from
2020 to 2030 (4419 people or 30.4%) and the ‘transplant
growth’ model projected an increase to 17 829 (22.5%).
Projected prevalence increased for the three oldest age
groups, especially for people aged =70 years, with a 38.7%
rise in the ‘transplant stable’ model (Fig. 2). The 30.4%
increase in dialysis prevalence from 2020 to 2030 in the
‘transplant stable’ model well exceeded the ABS-projected
underlying population change of 16.5% (Table 2).°
Comparisons by age group revealed that the excess was
driven largely by growth in people aged 40-69 years,
despite the prevalence increase being largest for those
aged =70 years. Population growth exceeded dialysis prev-
alence growth for the youngest two age groups in the ‘trans-
plant stable’ model.

Functioning kidney transplant population
projections

Age-specific transplant incidence rates in general had stabi-
lised and were modelled conservatively with constant rates
in both scenarios, apart from the positive linear trend for
deceased donor transplants from dialysis employed for all
age groups in the ‘transplant growth’ model. The ‘transplant
growth’ model projected higher transplant (and lower dial-
ysis) prevalence than the ‘transplant stable’ model for all age
groups (Supplementary Fig. S1). Overall, increases in trans-
plant prevalence were projected from 13 130 to 18 113 from
2020 to 2030 (4983 transplant recipients or 38.0%) for the
‘transplant stable’ model and to 19614 (6484 and 49.4%)
for the ‘transplant growth’ model (Table 1). A deceased
donor rate of 20.2-26.3 donors per million population
(dpmp) by 2030 was projected, based on a transplant—
donor ratio of 1.59.

Dialysis location

The mean proportion of people receiving facility haemodia-
lysis (i.e. hospital and satellite) over 2016-20 varied from
39% for 0-19years to 80% for those aged =70 years
(Table 3). Projected dialysis prevalence by dialysis modality
for the ‘transplant stable’ model is shown in Fig. 3. Notably,
of the projected additional 4419 people receiving dialysis in
2030 over 2020, 3238 of them (73.3%) required facility
haemodialysis. Only 327 of the remaining projected people
required home haemodialysis, at current utilisation rates.
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Fig. 2.
‘transplant growth’ (dashed lines) models.

Table 2. Percentage change by age in projected dialysis prevalence
for ‘transplant stable’ model and for the projected general
population (ABS).

Age in 2020-30 percentage increase
years Projected dialysis Australian population
prevalence prevalence

0-19 14.7 16.6

20-39 12.9 13.9

40-59 19.8 13.4

60-69 347 1.3

>70 387 344

Total 30.4 16.5
Discussion

The enclosed projections depicted substantial future growth
in the prevalence of treated KF in Australia. By 2030, up to
4416 additional dialysis users and 6484 additional kidney
transplant recipients were projected to require care.
Incidence rates have stabilised such that the projected
increase in dialysis prevalence of 71% for 2011-30 is
lower than the three-fold increase seen in the two decades
prior.® Nonetheless, the excess increase in dialysis preva-
lence over underlying population growth and the rising
proportion of older people among the prevalent cohort
should demand attention from healthcare policymakers
and funders.

Dialysis prevalence (actual 201 1-20; projected 2021-30) by age for ‘transplant stable’ (solid lines) and

The projected increase in facility haemodialysis users of
3238 people would require over 800 additional dialysis
chairs by 2030, assuming three dialysis treatments per con-
sumer per week.? Dialysis capacity, already limited in all
jurisdictions, would be further strained.®> The projected
additional annual direct cost to the health system was
A$235million for a total of over A$1 billion for facility
haemodialysis alone (using notional costings in AUD
2019-20)."° A more thorough economic evaluation than
ours would require high-quality information about the
actual cost of providing dialysis treatment in a variety of
contexts.'* Although notional funding allocations exist, as
do more detailed data from satellite facilities in the
Northern Territory,' no detailed ‘bottom up’ costings of
actual treatment are publicly available to our knowledge.
Moreover, accurate and recent costing data are not available
to calculate these without a large margin of error. The
significant age-based variation in the enclosed modelling
also highlights due consideration be given to renal funding
models that are adjusted by age and not merely activity-
based.

Our projections confirm that older Australians are a sig-
nificant and increasing proportion of dialysis prevalence and
suggest that population ageing (rather than disease inci-
dence) appears to be driving prevalence growth. However,
the anticipated greater demand for dialysis chairs does
assume that current treatment regimens continue. The inci-
dence rates among older age groups seen prior to 2015 have
plateaued, possibly related to stabilisation of clinical

365


https://www.publish.csiro.au/ah

D. Keuskamp et al.

Australian Health Review

Table 3. Modality proportions by age for dialysis prevalence 2016—20 (mean to nearest percent; HD, haemodialysis, PD, peritoneal dialysis).
Age in Automated Continuous Hospital Satellite Home
years PD% ambulatory PD% HD% HD% HD%
0-19 51 5 26 13 4
20-39 17 5 21 41 16
40-59 13 5 19 51 12
60-69 13 7 20 52 8
270 I 6 23 57 3
Total 12 6 21 53 8
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Fig. 3. Dialysis prevalence by modality for ‘transplant stable’ model (HD, haemodialysis; PD, peritoneal
dialysis).

practice supported by data on outcomes of older people
receiving dialysis and availability of conservative care
pathways.'?

The uptake of home-based modalities (PD and home
haemodialysis) has been actively supported by several
state-based schemes, on the basis of better outcomes and
lower costs.'*'> Some hospitals’ funding incentives are
aligned with the proportion of PD and home haemodialysis
users. However, the effectiveness of these is uncertain, espe-
cially given the ‘opt-in’ approach, and there has been little
sign of growth in home dialysis proportions in national
data.® Appropriate workforce planning and support that
addresses volume as well as case mix — and evolving tech-
nologies in dialysis machines and remote support — must
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meet the projected growth in demand for care. The specia-
lised dialysis workforce is scarce and ageing, and requires
innovation to address recruitment shortfalls.'®'”

Although a necessary component of the modelling, trans-
plant prevalence is more difficult to project accurately. The
number of deceased organ donors is determined by several
factors, including changes in policy and practice around
deceased organ donation, intrinsic biological trends, and
recent fluctuations in donor numbers due to COVID-19.
Our deceased donation rate (based on projected transplant
activity) of 20.2-26.3 dpmp, is consistent with the current
national target of 25 dpmp set by the Australian Organ and
Tissue Authority.'® The donor rate was set constant in those
calculations, while acknowledging that recent years have
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witnessed a downward trend. Whether the transplantation
rates projected here are feasible — especially in the ‘trans-
plant growth’ model - is beyond the scope of the present
study. Organ availability could increase with more marginal
donor utilisation, or as machine preservation becomes more
available. However, recent COVID-19-related trends empha-
sise the considerable uncertainty about donor availability.
What is clear is the cost-effectiveness of increasing trans-
plantation rates,”'* which are notably higher in some other
countries (e.g. Spain and the US) where deceased donation
rates exceeded 50 dpmp prior to the COVID-19 pandemic.'?
A hypothetical increase of 90% in deceased donor trans-
plants over the ‘transplant growth’ model was needed to
elevate the Australian donor rate to this standard by 2030.
This depressed dialysis prevalence to negative growth, well
below ABS-projected population growth.

Our projections reflect recent trends in the stability of
factors influencing KF/KRT incidence including stable prev-
alence of diabetes and other primary kidney diseases, com-
peting mortality, referral rates, access to dialysis, the
propensity to treat KF with KRT, and survivorship.?®
Recent modelling has suggested that diabetes prevention
with sodium-glucose cotransporter 2 inhibitors could have
substantial implications for KF incidence alone or in combi-
nation with other interventions, although their impact on
prevalent dialysis numbers is likely to be delayed beyond
the time frame of these projections.”’ Likewise, wider
uptake of antihypertensive therapy - such as renin-
angiotensin blockers — could also impact KF incidence, as
has been likely to date.?”

Several factors were not controlled for in our modelling
that may influence future prevalence of treated KF: dialysis
type, therapy period and diabetes status. However, even at a
national level, numbers offered little opportunity to stratify
and ensure model stability and accurate projections. For the
same reason, transitions for Indigenous people were not
included (tailored projections are available elsewhere for
the Northern Territory).>* Moreover, our exploratory analy-
ses revealed negligible differences in mortality rates among
modalities that would justify stratification by dialysis type.
Our modelling, which integrated dialysis and transplant
prevalences, also masked some subtleties. For example, an
increase in transplants would likely increase the dialysis
mortality rate as healthier dialysis users are more likely to
receive a transplant. Finally, uncertainty in our projections
has been addressed by use of two scenarios, rather than
more explicit modelling of error. Projected dialysis preva-
lence in 2030 only differed by 6.4% between ‘transplant
stable’ and ‘transplant growth’ scenarios, suggesting projec-
tions were not overly sensitive to the variation in 2011-20
transplant rates informing the models. The suitability of our
methodology, and more broadly Markov modelling, for pro-
jecting prevalence had been demonstrated by the alignment
between previously published projections® and data subse-
quently reported by ANZDATA.

Conclusion

The projected growth in dialysis prevalence in this study
exceeded population growth by 36-84%, highlighting the
growing demand for high-cost specialised healthcare ser-
vices and the need for cost-effective allocation of resources.
The increasing contribution of older people to this demand
requires a focus on dialysis and transplant care that is
tailored to that more complex cohort. Consequently, age-
specific funding and planning, including workforce plan-
ning, are essential. Chronic kidney disease remains largely
preventable, particularly through modifiable risk factors.
Recommendations such as increased access to early chronic
condition risk asssessment comprise key priorities of the
National Strategic Action Plan for Kidney Disease;" preven-
tion, detection and early intervention are imperative to
moderate progression to kidney failure and the need for
dialysis.

Supplementary material

Supplementary material is available online.
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