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ABSTRACT
Objectives  This study aims to assess the cost-
effectiveness of three renal replacement therapy (RRT) 
modalities as well as proposed changes of scheduled 
policies in RRT composition in Guangzhou city.
Methods  From a payer perspective, we designed Markov 
model-based cost-effectiveness analyses to compare 
the cost-effectiveness of three RRT modalities and 
four different scheduled policies to RRT modalities in 
Guangzhou over three time horizons (5, 10 and 15 years). 
The current situation (scenario 1: haemodialysis (HD), 
73%; peritoneal dialysis (PD), 14%; kidney transplantation 
(TX), 13%) was compared with three different scenarios: 
an increased proportion of incident RRT patients on PD 
(scenario 2: HD, 47%; PD, 40%; TX, 13%); on TX (scenario 
3: HD, 52%; PD, 14%; TX, 34%); on both PD and TX 
(Scenario 4: HD, 26%; PD, 40%; TX, 34%).
Results  Over 5-year time horizon, HD was dominated 
by PD. At a willingness-to-pay (WTP) threshold of US$44 
300, TX was cost-effective compared with PD with an 
incremental cost-effectiveness ratio of US$35 518 per 
quality-adjusted life year (QALY) gained. The scenario 
2 held a dominant position over the scenario 1, with a 
net saving of US$ 5.92 million and an additional gain of 
6.24 QALYs. The scenarios 3 and 4 were cost-effective 
compared with scenario 1 at a WTP threshold of 
US$44 300. The above results were consistent across the 
three time horizons.
Conclusions  TX is the most cost-effective RRT modality, 
followed in order by PD and HD. The strategy with an 
increased proportion of incident patients on PD and TX 
is cost-effective compared with the current practice 
pattern at the given WTP threshold. The planning for RRT 
service delivery should incorporate efforts to increase the 
utilisation of PD and TX in China.

INTRODUCTION
Globally, the growing incidence and prev-
alence of end-stage renal disease (ESRD) 
is a major public health challenge and has 
resulted in a heavy economic burden on 
individuals and national healthcare systems.1 
Patients with ESRD are treated with renal 
replacement therapy (RRT), which is avail-
able in three different modalities: haemodial-
ysis (HD), peritoneal dialysis (PD) and kidney 
transplantation (TX). Currently, more than 
2.5 million patients are receiving RRT,2 with 

the total ESRD expenditure accounting for 
0.91%–7.1% of national health system expen-
diture among countries with high prevalence 
of ESRD.1 In China, there were approximately 
1 million ESRD patients in 2017, but only 
52% of them have received RRT.3 HD is by far 
the predominant RRT modality in mainland 
China, accounting for approximately 86% of 
dialysis patients. There is a large variation in 
PD uptake among different regions, ranging 
from 14% in mainland China to 73% in 
Hong Kong.4 It was estimated that the annual 
healthcare expenditure on dialysis in China 
is approximately US$50 billion.3 Each RRT 
modality is associated with different patterns 
of resource utilisation and health outcomes. 
In the context of ageing populations and 
global pandemics of chronic disease, the 
prevalence of ESRD is expected to rise by 
a greater extent in the future. Therefore, 
searching for a more cost-effective approach 
to clinical decision-making for ESRD is highly 
demanded.

Strengths and limitations of this study

►► To the author’s knowledge, this is the first cost-
effectiveness analysis of three competing renal 
replacement therapy (RRT) modalities in end-stage 
renal disease patients in southern China.

►► This is the only study that has explored the cost-
effectiveness of different scheduled policies to RRT 
modalities among incident patients from the payer 
perspective in China.

►► Our study may potentially be biased by quoting 
some of transition probability parameters from stud-
ies of other countries where clinical practice might 
be different from China.

►► The utility values derived from our own observation-
al survey have the potential bias due to a relative 
small sample size and the difference in baseline 
characteristics of participants.

►► Given the payer perspective of the analysis, this 
study did not consider indirect costs such as pro-
ductivity loss and costs associated with caregivers.
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Multiple studies have been conducted to evaluate the 
cost-effectiveness of RRT modalities. However, most of 
the studies evaluated parts of RRT modalities, such as 
comparing different dialysis modalities with one another 
or a certain dialysis modality with TX.5–7 Several studies 
have assessed the cost-effectiveness of all available RRT 
modalities, but most of them were conducted in devel-
oped countries, such as the UK,8 Japan,9 Denmark10 and 
Australia.11 The majority of these studies suggest that TX 
is the optimal RRT modality and PD is more favourable 
than HD from the viewpoint of cost-effectiveness. Never-
theless, HD is currently the predominant RRT modality 
in mainland China. Furthermore, several studies have 
assessed the cost-effectiveness with respect to changes in 
the composition of RRT modalities11–13 suggesting that 
increased provision of TX and PD contributes to reducing 
costs and increasing health outcomes. Few studies have 
forecasted the potential benefits through changing the 
composition of RRT modality in China. Therefore, this 
study aims to assess the cost-effectiveness of three RRT 
modalities as well as proposed changes in RRT composi-
tion in China.

MATERIALS AND METHODS
Study design
We conducted a Markov model-based cost-effectiveness 
analysis to compare the cost-effectiveness of three RRT 
modalities as first-line treatment strategies in Guangzhou. 
In addition, we constructed a dynamic population-based 
Markov model to evaluate the cost-effectiveness of three 
different scheduled policies to RRT modalities in compar-
ison with the current practice in Guangzhou.

The following scenarios were considered.
Scenario 1: A model that represents the current distri-

bution of RRT modality (HD, 73%; PD, 14%; TX, 13%).
Scenario 2: A model with an increased proportion of 

incident RRT patients on PD at the expense of HD (HD, 
47%; PD, 40%; TX, 13%).

Scenario 3: A model with an increased proportion of 
incident RRT patients on TX at the expense of HD (HD, 
52%; PD, 14%; TX, 34%).

Scenario 4: A model with an increased proportion of 
incident RRT patients on PD and TX at the expense of 
HD (HD, 26%; PD, 40%; TX, 34%).

The current distribution of RRT modality was based on 
data recorded by Chinese National Renal Data System 
(CNRDS) and Chinese Scientific Registry of Kidney 
Transplantation (CSRKT). The increased allocation of 
40% of incident RRT patients to PD was based on the fact 
that PD accounted for approximately 40% of all RRTs 
in Hong Kong in 2016, and the increase in percentage 
distribution of TX was determined from the fact that the 
average percentage distribution of TX in 59 countries was 
approximately 34% in 2016, according to the US Renal 
Data System 2018 Annual Data Report.14

From a payer perspective, the assessment of costs was 
designed to include only direct medical costs for RRT 

patients. The effectiveness is measured in terms of quality-
adjusted life years (QALYs). The main outcome measures 
were total costs, total effectiveness expressed in terms of 
QALYs and incremental cost-effectiveness ratio (ICER) of 
competing strategies. The analyses were performed with 
three time horizons (5, 10 and 15 years).

Model structure
Markov models are frequently used to model the progres-
sion of chronic disease over time including ESRD.15 In 
this study, the ESRD Markov model was structured as a 
chain of four mutually exclusive states, including HD, PD, 
TX and death, as shown in figure 1. All states could mutu-
ally transit to each other, except for the state of death 
which was absorbing state. Patients could stay at the same 
state or switch to a new state according to given transition 
probabilities for each 1-year cycle.

Projection of the prevalence and incidence of RRT patients
In the dynamic population-based Markov model for 
the scenario analysis, the future distribution of patients 
over the states depends on the initial prevalence, tran-
sition probabilities and the inflow of new patients. The 
initial prevalence and the inflow of new RRT patients 
for the model were estimated based mainly on data from 
CNRDS and CSRKT. The CNRDS is a nationwide, web-
based, prospective renal data registration platform which 
collects structured data on dialysis patients in dialysis 
centres of China.16 The CSRKT is an official and national 
data acquisition system for TX in China.17

The initial prevalence for the model was derived from 
the RRT prevalence figures at the end of 2017 from 
CNRDS and CSRKT and was distributed among the 
RRT modalities based on the proportions observed at 
the end of 2017 in China: HD, 80%; PD, 14%; TX, 6%. 
The expected inflow of new patients commencing RRT is 

Figure 1  Schematic diagram of the Markov model. 
HD,haemodialysis;PD, peritoneal dialysis; TX, kidney 
transplantation
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both dependent on the incidence of RRT and on demo-
graphic developments. The simple linear regression anal-
yses with time as the independent variable were used to 
estimate the population numbers of Guangzhou and the 
inflow of new RRT patients per million population (pmp) 
over the period 2018–2032. The expected population 
numbers were derived from the total registered popula-
tion of Guangzhou between 1985 and 2018 from Guang-
zhou Statistics Bureau.18 The expected inflow of new RRT 
patients pmp were extrapolated from the RRT incidence 
figures between 2012 and 2017 from CNRDS and CSRKT. 
Figure 2 shows the results from the forecasting models. 
The above extrapolated figures were used to further esti-
mate the inflow of new RRT patients in Guangzhou over 
the period 2018–2032 for the scenario analysis.

Health utilities
We conducted a questionnaire survey on RRT patients 
in Zhujiang Hospital of Southern Medical University 
between August 2018 and October 2018. A total of 276 
patients were included in this study through convenience 
sampling, with 112 patients for HD, 68 for PD and 97 
for TX. The inclusion criteria for the study population 
were: ESRD patients treated with HD, PD or TX, age 
above 18 years, receiving the same RRT modality for at 
least 3 months, and physically and mentally capable of 
completing the survey with minimal assistance. Patients 
who had combination therapy of RRT modalities within 
3 months were excluded from the study. All of the partici-
pants gave their written consent prior to their inclusion in 
the study. The study was approved by the Ethics Committee 
of Zhujiang Hospital of Southern Medical University. 
Table 1 shows the characteristics of the subjects.

The Kidney Disease Quality of Life Short Form 
(KDQOL-SFV.1.3) was used to measure health-related 
quality of life of RRT patients and generate the SF-6D 
health utility score. The KDQOL-SF is a self-reported 
questionnaire for assessing the quality of life of individ-
uals with kidney disease and includes the RAND 36-Item 
Health Survey (SF-36) as the generic core.19 Using the 
methodology proposed by Brazier et al20 11 out of 36 
items from SF-36 have been selected to derive SF-6D 
health utility scores. We further derived the utility weights 

for the determination of QALYs according to Chinese 
Hong Kong population-specific scoring algorithm.21 The 
SF-6D is a preference-based scoring system consisting of 
six dimensions: physical functioning, role limitations, 
social functioning, pain, mental health and vitality.20 The 
derived SF-6D health utility score has shown to be valid 
and reliable and been used to measure utility in Chinese 
patients on RRT.22 23

We also conducted a systematic review of full economic 
evaluations on RRT.24 The review indicates that there 
is a lack of availability of utility data sources with high 
quality. As shown in table 2, the review shows that there is 
a wide range of utility values across the reviewed studies, 
with utility value of HD, PD and TX ranging from 0.44 
to 0.72, 0.53 to 0.81 and 0.57 to 0.9, respectively. The 
reviewed studies that obtain utility values from their own 
observational surveys are likely to suffer from selection 
bias. Moreover, the reviewed studies that obtain utility 
values from previous literature fail to report the popu-
lation used to derive utility values and it is difficult to 
define whether utility values are biased by the baseline 
characteristics of the individuals. Given that previous 
literature fails to provide utility data sources with high 
quality and our target population are ESRD patients in 
China, we choose to use the utility values derived from 
our own survey.

Costs
The annual direct medical cost of three RRT modalities 
was obtained from the study by Zhang et al.25 This retro-
spective observational cohort study obtained data from 
claims database of the Urban Employee Basic Medical 
Insurance and the Urban Resident Basic Medical Insur-
ance of Guangzhou city from 2010 to 2013. The annual 
medical costs of HD and PD included costs for routine 
dialysis treatment and hospitalisations if needed. TX costs 
in the first year and subsequent years were assigned two 
different costs, with the first-year cost including extra 
costs of kidney transplant procedure. All costs were 
adjusted to 2018 US$ value by using the gross domestic 
product (GDP) deflator index and purchasing power 
parity conversion rate from the International Monetary 
Fund World Economic Outlook Database.26

Transition probabilities
Transition probabilities were obtained from the best avail-
able published data. The transition probabilities of HD to 
PD, HD to TX, HD to death and PD to death were derived 
from the CNRDS from 2011 to 2015.27 Other transition 
probabilities, including the transition probabilities of 
PD to HD, PD to TX, TX to HD, TX to PD and TX to 
death, were unavailable from Chinese database or studies 
and were obtained from the published studies based on 
clinical databases or populations of other countries.9 12 28 
Table 3 shows the parameter values and ranges used in 
the Markov model.

Figure 2  Forecasted population numbers and incident renal 
replacement therapy (RRT) patient per million population 
(ppm).
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Model analysis
To compare the cost-effectiveness of three RRT modal-
ities, the decision analytic model was constructed as 
a decision tree with three similar Markov models as 
shown in online supplemental figure 1. To assess the 
cost-effectiveness of proposed changes in RRT modality 
utilisation versus current practice, the decision analytic 
model was constructed as a decision tree with four 
dynamic population-based Markov models as shown in 
online supplemental figure 2. In the dynamic Markov 
models, for each 1-year cycle, new patients were added 
to an initial state from where they are assigned to HD, 
PD or TX based on the proportions given in scenarios. 
The simulation was set to start at the beginning of 2018. 
The models were run for 5, 10 and 15 cycles, respectively. 
We used the half-cycle correction and discounted both 
costs and health outcomes at a common 5% rate.29 The 
ICER less than one time of GDP per capita or between 

one and three times of GDP per capita was considered 
cost-effective and very cost-effective, respectively.30 Using 
the corresponding 2018 GDP per capita of Guangzhou,31 
the thresholds of willingness-to-pay (WTP) for being 
very cost-effective and cost-effective in this study were 
US$44 300 and US$132 900, respectively.

Sensitivity analysis
Both one-way sensitivity analyses and probabilistic sensi-
tivity analysis (PSA) were conducted to test the uncer-
tainty and robustness of the results to changes in model 
parameters. For one-way sensitivity analyses, 95% CIs of 
model parameters were used. The following parameters 
were analysed: utilities, costs and transition probabilities 
except those whose 95% CIs were not reported in the 
literature. Overall results of one-way sensitivity analyses 
are presented in the form of a tornado diagram. The PSA 
took into account the uncertainties of utility parameters 

Table 1  The characteristics of patients from Zhujiang Hospital of Southern Medical University that were used for the 
estimation of health utility

Characteristics
HD (n=112)
n (%)

PD (n=68)
n (%)

TX (n=97)
n (%) P value

Gender 0.877

 � Male 55 (49.11) 35 (51.47) 51 (52.58)

 � Female 57 (50.89) 33 (48.53) 46 (47.42)

Age (mean±SD) 52.71±15.26 41.18±9.62 41.84±11.00 <0.001*

Education <0.001*

 � Primary school or below 30 (26.79) 13 (19.12) 6 (6.19)

 � Secondary school 34 (30.36) 25 (36.76) 17 (17.53)

 � High school 28 (25.00) 15 (22.06) 30 (30.93)

 � College or above 20 (17.86) 15 (22.06) 44 (45.36)

Annual income level (CNY) 0.001*

 � <30 000 46 (41.07) 44 (64.71) 33 (34.02)

 � 30 000–1 20 000 44 (39.29) 16 (23.53) 33 (34.02)

 � >1 20 000 22 (19.64) 8 (11.76) 31 (31.96)

Marital status 0.646

 � Not married 15 (13.39) 12 (17.65) 17 (17.53)

 � Married 97 (86.61) 56 (82.35) 80 (82.47)

Employment <0.001*

 � Employed 27 (24.11) 22 (32.35) 47 (48.45)

 � Unemployed 37 (33.04) 41 (60.29) 41 (42.27)

 � Retired 48 (42.86) 5 (7.35) 9 (9.28)

Insurance 0.010

 � UEBMI 64 (57.14) 38 (55.88) 46 (47.42)

 � URBMI 29 (25.89) 7 (10.29) 29 (29.90)

 � Others 19 (16.96) 23 (33.82) 22 (22.68)

Continuous variables were analysed by one-way analysis of variance.
Categorical variables were analysed by Pearson χ2 test.
*p<0.05.
HD, haemodialysis; PD, peritoneal dialysis; TX, kidney transplantation; UEBMI, Urban Employee Basic Medical Insurance; URBMI, Urban 
Resident Basic Medical Insurance.

https://dx.doi.org/10.1136/bmjopen-2020-039653
https://dx.doi.org/10.1136/bmjopen-2020-039653


5Yang F, et al. BMJ Open 2021;11:e039653. doi:10.1136/bmjopen-2020-039653

Open access

by using applied distributions. As recommended by Briggs 
et al,32 utility parameters were assigned a beta distribution. 
The PSA used a Monte Carlo simulation with 10 000 iter-
ations. The results of PSA are presented in the form of a 
cost-effectiveness acceptability curve. We also performed 
a sensitivity analysis for policy parameters, in which we 
repeated the calculations of Markov model with a range 
of values for scheduled proportion of HD, PD and TX, 
and compared the resulting costs and effectiveness to the 
current policy.

We used the Stata Statistical Software V.14.1 (StataCorp 
LLC, College Station, Texas, USA) and TreeAge Pro 2020 
R1.1 software programme (TreeAge Software, William-
stown, Massachusetts, USA) for statistical analyses.

Patient and public involvement
This study was conducted without patient or public 
involvement.

RESULTS
Cost-effectiveness analysis of three RRT modalities
Table 4 shows the results of cost-effectiveness analysis of 
three RRT modalities over three time horizons. Focusing 
on the results of 5-year time horizon, HD was dominated 
by PD as it yielded both higher cost (US$115 730 vs 
US$106 194) and lower effectiveness (2.46 QALYs vs 2.49 
QALYs). TX had the highest effectiveness (3.06 QALYs) 
but with higher cost than PD (US$126 351 vs US$106 
194). The ICER was US$35 518 per QALY gained for TX 
over PD and was lower than the WTP threshold of one 
time of GDP per capita (US$44 300). For the analyses 

over 10-year and 15-year time horizons, the results were 
consistent with that of 5-year time horizon.

Cost-effectiveness analysis of four scenarios
Table 5 shows the results of cost-effectiveness analysis of 
four scenarios over three time horizons. Over the 5-year 
time horizon, the total discounted costs and QALYs for 
the base composition of RRT modality (scenario 1) were 
US$675.30 million and 14 648.48 QALYs, respectively. The 
scenario 2 held a dominant position over the scenario 1, 
with lower costs and higher effectiveness. An increase in 
PD to 40% of incident RRT patient at the expense of HD 
(scenario 2) resulted in a net saving of US$5.92 million 
and a small increase in total QALYs of 6.24. The margin-
ally higher value for QALY at marginally higher cost trans-
lated into an ICER of US$38 452 per QALY gained for 
scenario 3 and US$7786 per QALY gained for scenario 
4 in comparison to scenario 1, both of which were lower 
than the WTP threshold of one time of GDP per capita 
(US$44 300). Results over longer time horizons of 10 and 
15 years were consistent with the 5-year results.

Sensitivity analysis
Figure  3 shows the tornado diagrams for three RRT 
modalities’ analyses over 5-year time horizon. The top 
three most influential parameters were the utilities of TX 
and HD and costs of HD. Of note, there was only one 
cost-effectiveness threshold identified in the tornado 
diagrams, which indicates that all parameter changes 
could not change the optimal strategy. As can be seen 
from the x-axis, the net benefit never falls below zero, 
indicating that TX remained cost-effective relative to HD 
and PD across the uncertainty range of each parameter 
at a WTP threshold of US$132 900 per QALY. Figure  4 
shows the cost-effectiveness acceptability curve of three 
RRT modalities over 5-year time horizon at different 
values of WTP thresholds. Using an WTP threshold of 
US$ 132 900 per QALY, the probabilities of HD, PD and 
TX being the optimal treatment strategy were 12.95%, 
15.05% and 72.00%, respectively (online supplemental 
figure 3). Figure 5 shows the sensitivity analysis for policy 
parameters. The gains in QALYs increase in the propor-
tion of TX and costs savings increase in the proportion 
of PD. The results of sensitivity analyses were consistent 
across the three time horizons considered.

DISCUSSION
From a payer perspective, this study conducted a Markov 
model-based cost-effectiveness analysis to compare the 
cost-effectiveness of three RRT modalities and four 
different scheduled policies to RRT modalities in Guang-
zhou. The results suggest TX is the most cost-effective 
RRT modality, followed in order by PD and HD. Assigning 
an increased proportion of incident RRT patients on PD 
and TX would result in either a dominant position over 
the current policy predominated by HD or an ICER well 
below the given WTP threshold. Results were consistent 

Table 2  Health utility values used in economic evaluations 
of RRT

Modality HD PD TX

Reference

Moradpour et al43 0.72 0.75 0.82

Rosselli et al44 0.576 0.668 0.796

Jensen et al45 0.44 0.65 0.86

Shimizu et al9 0.44 0.53 LT: 0.71 DT: 0.57

Villa et al12 0.69 0.69 0.81

Haller et al13 0.66 0.81 0.9

Howard et al11 0.55 0.55 First-year 
TX utility 
0.73

Second-
year TX 
utility 0.70

Kontodimopoulos 
et al46

0.639 0.599 0.716

de Wit et al47 0.66 0.71 0.9

Average 0.60 0.66 0.77

This study 0.61 0.61 0.73

DT, deceased-donor transplantation; HD, haemodialysis; LT, 
living-donor transplantation; PD, peritoneal dialysis; RRT, renal 
replacement therapy; TX, renal transplantation.

https://dx.doi.org/10.1136/bmjopen-2020-039653
https://dx.doi.org/10.1136/bmjopen-2020-039653
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Table 3  Parameter values and ranges used in the Markov model

Parameter Value (mean)

Range (95% CI)

ReferenceLower Upper

Health utility

 � HD 0.61 0.59 0.63

 � PD 0.61 0.58 0.64

 � TX 0.73 0.71 0.75

Annual direct medical costs (US$ in 2018)

 � HD   �  28 801   �  25 885   �  32 513 Zhang et al25

 � PD   �  24 547   �  23 175   �  25 986

TX

 � Initial year   �  40 196   �  34 652   �  46 763

 � Subsequent year   �  28 313   �  18 577   �  30 998

Annual transition probabilities

HD to HD 0.9483 2011–2014 CNRDS27

HD to PD 0.0032 0.0022 0.0043

HD to TX 0.0063 0.0048 0.0081

HD to death 0.0422 0.0340 0.0500

PD to PD 0.7739

PD to HD 0.1633 Shimizu et al9

PD to TX 0.0240 Yang et al28

PD to death 0.0388 0.0170 0.0610 2012–2015 CNRDS27

TX to TX 0.9445 Villa et al12

TX to HD 0.0350

TX to PD 0.0035

TX to death 0.0170

CNRDS, Chinese National Renal Data System; HD, haemodialysis; PD, peritoneal dialysis; TX, kidney transplantation.

Table 4  Cost-effectiveness analysis of three renal replacement therapy modalities over three time horizons

Time 
horizon

RRT 
modality

Cost 
(US$)

Incremental 
cost (US$)

Effectiveness 
(QALY)

Incremental 
effectiveness 
(QALY)

Average CE 
(US$/QALY)

ICER (US$/QALY 
gained)

5 years PD 106 194 – 2.49 – 42 672 –

HD 115 730 9536 2.46 −0.03 47 113 −296 605–Dominated*

TX 126 351 20 157 3.06 0.57 41 344 35 518

10 years PD 178 810 – 4.11 – 43 511 –

HD 189 006 10 197 4.02 −0.09 46 981 −117 963–Dominated*

TX 211 502 32 692 5.16 1.05 40 981 31 092

15 years PD 226 456 – 5.16 – 43 889 –

HD 235 605 9150 5.03 −0.13 46 881 −68 204–Dominated*

TX 270 722 44 267 6.60 1.44 41 045 30 828

*Dominated: more costly and less effective.
HD, haemodialysis; ICER, incremental cost-effectiveness ratio; PD, peritoneal dialysis; QALY, quality-adjusted life years; RRT, renal 
replacement therapy; TX, kidney transplantation.
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over three time horizons of 5, 10 and 15 years. Our find-
ings concur with previous studies on this topic conducted 
in other developed countries, such as Japan,9 Australia,11 
Spain12 and Austria.13

Our study suggests that PD is dominant over HD and the 
utilisation shift from HD to PD is associated with reduced 
costs and modest improvements in health outcomes, 
which is consistent with previous studies.5 6 28 Due to its 
lower cost and less requirement for trained medical staff 
and technical support, a number of countries have estab-
lished PD-First or PD-Favored policies to recommend 
PD as a preferred dialysis modality.3 The PD-First policy 
has made Hong Kong the region with the highest utilisa-
tion of PD and with a 73% of PD uptake among dialysis 
patients in 2016.4 Nevertheless, HD is by far the predom-
inant RRT modality in mainland China, accounting for 
approximately 86% of dialysis patients. Study has shown 
that home HD has similar cost-effectiveness to PD in 
many settings,33 but we considered only centre HD in our 
sample because of the limited utilisation of home HD in 
China. Actually, Renji Hospital Affiliated to Shanghai Jiao 
Tong University School of Medicine successfully carried 
out the first home HD treatment in mainland China on 
27 April 2020, which was regarded as a milestone of the 

zero breakthrough in home HD.34 The low utilisation of 
PD may be partially attributed to the different financial 
incentives caused by Zero-Markup Drug Policy which 
removes the mark-up for sale of medicines in hospitals.35 
The costs of dialysis fluids for PD are categorised as medi-
cation costs which occupy approximately 86% of its total 
medical costs.25 In contrast, medication costs account for 
only approximately 20% of total HD costs, and most of 
HD costs are categorised as non-medication treatment 
costs. The differences in cost structures provide few finan-
cial incentives for doctors and hospitals to prescribe PD. 
Moreover, the relatively low marginal cost of adding a 
new HD patient stimulates providers to maximise the use 
of their HD units.36 Other patient-related factors could 
also further hinder the use of PD, including inadequate 
patient information, non-standard operation and socio-
economic disadvantages such as living in less favourable 
environment.35 37

Although it has been shown consistently across coun-
tries that TX is the optimal RRT modality, the utilisation 
of TX as the first-line treatment modality is primarily 
limited by the availability of donor organs. In 2017, only 
10 793 patients received TX with 30 502 patients on the 
waiting list, indicating a considerable donor-organ short-
fall in China.17 Living-donor transplants account for 64% 
of kidney transplants and there is no typical brain death 
donor as it opposes Chinese religious beliefs.38 The lack 
of correct attitude towards organ donation among the 
general public may constitute a barrier to increasing 
the donation rate, such as the ideas of maintaining the 
integrity of the body and misleading opinions of organ 
buying and selling.39 Moreover, the inactive involvement 
of medical workers in raising organ donor awareness 
and recruiting donors hinders the availability of donor 
organs. Therefore, it is recommended to implement 
specific strategies aimed at increasing kidney dona-
tions, such as increasing the use of expanded criteria 
donors and improving donor transplant coordination. 
In addition, study shows that Transplant Procurement 

Figure 3  The tornado diagram for three renal replacement 
therapy modalities analysis over 5-year time horizon.

Figure 4  The cost-effectiveness acceptability curve of 
three renal replacement therapy modalities over 5-year time 
horizon.

Figure 5  Incremental cost (US$) and incremental 
effectiveness (quality-adjusted life year (QALY)) over 5 year 
time horizon for different scheduled policies compared with 
current scheduled policy.
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Management (TPM) training programmes have positive 
perceived effects on professional competence devel-
opment and career evolutions of healthcare workers in 
organ donation and transplantation.40 Launching TPM 
in more hospitals in China may keep health professionals 
active in organ donation and transplantation and further 
contribute to increase in organ donation figures.

Our findings provide evidence that increased alloca-
tion of incident RRT patients to PD and TX are likely 
to bringing about a more efficient resource distribution 
invested to treat ESRD. The planning for RRT service 
delivery should incorporate efforts to increase the utili-
sation of PD and TX, especially in the context of high 
prevalence of ESRD and limited healthcare resources in 
China. From a payer perspective, there is a need to revise 
the payment mechanism in a way to encourage value-
based healthcare decisions. Several countries have devel-
oped specific models aimed at facilitating value-based 
integrated renal care for patients, such as ESRD Treat-
ment Choices in USA41 and the Ontario Renal Network 
in Canada.42

To the authors’ knowledge, this is the first cost-
effectiveness analysis of three competing RRT modali-
ties in ESRD patients in southern China. Moreover, this 
is the only study that has explored the cost-effectiveness 
of different scheduled policies to RRT modalities among 
incident patients from the payer perspective in China. 
Efforts were also made to collect first-hand data on health 
utilities to reflecting the actual health gains of Chinese 
ESRD patients commencing RRT modalities. Our find-
ings may contribute to the better decision-making about 
the cost-effective ESRD management for the general 
public, nephrologists and health policymakers.

A number of limitations should be considered in this 
study. First, our study may potentially be biased by quoting 
some of transition probability parameters from studies of 
other countries where clinical practice might be different 
from China. Future research with more comprehensive 
China-based clinical and epidemiological data will facili-
tate economic evaluations of ESRD. Second, we assumed 
that the linear trends in the forecasting models were main-
tained over three time horizons, but these trends might 
be influenced by various factors, which could undermine 
the predictive validity in long term. For example, the 
growth rate of RRT incidence might be changed by the 
ESRD intervention strategies implemented in the future. 
Therefore, the forecasted data in long term could only be 
used for reference. Third, the utility values derived from 
our own observational survey have the potential bias due 
to a relative small sample size and the difference in base-
line characteristics of participants. Finally, given the payer 
perspective of the analysis, this study did not consider 
indirect costs such as productivity loss and costs associated 
with caregivers. Future studies from a societal perspective 
would further substantiate the cost-effectiveness of RRT 
modalities.

In conclusion, this study indicates that TX and PD 
are more favourable than HD, and the strategy with an 

increased proportion of incident patients on PD and 
TX is cost-effective compared with the policy currently 
being followed at the given WTP threshold. The planning 
for RRT service delivery should incorporate efforts to 
increase the utilisation of PD and TX in the future.
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