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Abstract
Background Kidney replacement therapy (KRT) is a lifesaving but costly treatment for patients with end-stage kidney dis-
ease (ESKD). The objective of this study was to review full economic evaluations comparing KRT modalities specified as 
hemodialysis (HD), peritoneal dialysis (PD), and kidney transplantation (KT) for patients with ESKD.
Methods We conducted a systematic review of the literature from PubMed, Embase, EconLit (EBSCO), Web of Science, 
Cochrane Library, National Health Service Economic Evaluation Database (NHS EED), Centre for Reviews and Dissemina-
tion (CRD) Database of Abstracts of Reviews of Effects (DARE), and CRD Health Technology Assessment Database from 
inception until 5 January 2020. Full economic evaluations were included if they compared three forms of KRT specified as 
PD, HD, and KT. The reporting quality of included studies was assessed using the Consolidated Health Economic Evalua-
tion Reporting Standards (CHEERS) checklist.
Results Ten studies were identified in the review. The majority of the studies were model-based evaluations and included a 
cost-utility analysis. Four studies were conducted from a public healthcare perspective, three from a societal perspective, and 
three from a third-party payer perspective. None of the studies adequately addressed all the applicable items of the CHEERS 
checklist. The most infrequently reported items were characterizing heterogeneity, target population, and characterizing 
uncertainty. There is a lack of studies that conduct from a societal perspective and take into account characterizing hetero-
geneity. All included studies indicate that KT is the most cost-effective KRT modality, with either a dominant position over 
HD and PD or an incremental cost-effectiveness ratio well below the accepted willingness-to-pay threshold. The majority 
of studies suggest that PD is less costly and offers comparable or better health outcomes than HD.
Conclusions Our systematic review suggests that KT is the most cost-effective KRT modality, but there is no firm conclusion 
about the cost-effectiveness of HD and PD. Further economic evaluations can be conducted from a societal perspective and 
detail the evidence for subsets of patients with different characteristics.
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Kidney transplantation is the most cost-effective kidney 
replacement therapy modality, but there is no firm con-
clusion about the cost-effectiveness of hemodialysis and 
peritoneal dialysis.

Future economic evaluations of the kidney replace-
ment therapy modality can be conducted from a societal 
perspective and take into account characterizing hetero-
geneity.
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1 Introduction

End-stage kidney disease (ESKD) is the final and per-
manent stage of chronic kidney disease (CKD) [1]. The 
increasing prevalence of ESKD has been a significant 
public healthcare challenge worldwide [2]. From 2003 to 
2016, the ESKD prevalence has steadily increased world-
wide, with a median percent increase of 43% [3]. In 2016, 
ESKD prevalence ranging from 600 to 999 per million 
general population (PMP) was reported in approximately 
45% of countries [3]. Driven by population aging and the 
rising incidence of diabetes and hypertension, the preva-
lence of ESKD is expected to rise to an even greater extent 
in the next few decades [1, 4, 5].

Kidney replacement therapy (KRT) is a lifesaving but 
costly treatment for patients with ESKD [6]. There are 
three primary forms of KRT, namely hemodialysis (HD), 
peritoneal dialysis (PD), and kidney transplantation (KT) 
[2]. HD is principally performed in dialysis centers by 
healthcare workers but also can be carried out indepen-
dently by patients at home [7]. PD is predominantly 
performed by patients at home without assistance from 
clinical staff [8]. Globally, the number of people receiving 
KRT was more than 2.6 million in 2010 and this number is 
projected to more than double to 5.4 million by 2030 [6]. 
The use of the different KRT modalities varies consider-
ably across countries and regions. In 2016, KT for patients 
with ESKD ranged from less than 20% in roughly one-
third of countries to 50–70% in approximately one-quarter 
of countries [3]. In-center HD was the predominant KRT 
modality in most countries and it accounted for more than 
80% of dialysis in 79% of countries in 2016 [3]. Several 
countries and regions have initiated PD-First policies or 
PD-Favored policies to encourage the use of PD as the first 
treatment modality for appropriate patients because PD is 
deemed to have lower costs than HD, comparable survival 
and improved quality of life (QOL) [9–12]. Accordingly, 
higher rates of PD uptake were reported in those countries 
and regions, such as Hong Kong (71%), the Jalisco region 
of Mexico (61%), and Guatemala (57%) [3].

The rising prevalence of ESKD and extensive use of 
KRT have challenged the economic capacity of many 
countries, especially in low-income countries where there 
are limited resources and a large gap in access to KRT [7]. 
Approximately 64% of countries provided public funding 
for KRT [13]. It is estimated that total ESKD expenditure 
accounts for 0.91–7.1% of national health system expendi-
ture in countries with a high prevalence of ESKD even 
though ESKD patients contribute a relatively small pro-
portion of the entire CKD population [14].

As the burden of ESKD on society and healthcare budg-
ets has increased considerably, it is essential to assess 

the cost-effectiveness of the different KRT modalities to 
establish cost-effective service provision strategies. An 
economic evaluation is a comparative analysis that exam-
ines two or more interventions in terms of their costs and 
consequences. It can provide useful insight for prioritiz-
ing the programs in the healthcare sector and for optimal 
resource allocation [15]. Several economic evaluations 
have been conducted regionally. Nevertheless, there have 
been few systematic reviews of economic evaluations of all 
KRT modalities. Previous systematic studies in this area 
have focused on subsets of KRT modalities, such as com-
paring alternative dialysis modalities [8, 16] or dialysis 
modalities with different intensities [17]. Therefore, this 
study aims to review full economic evaluations comparing 
KRT modalities specified as PD, HD, and KT for patients 
with ESKD.

2  Methods

2.1  Data Sources and Search Strategies

This review was conducted according to the guidelines of 
the Preferred Reporting Items for Systematic reviews and 
Meta-Analyses (PRISMA) (see Resource 1, Online Sup-
plemental Material (OSM)) [18]. Studies were identified 
by searching electronic databases and scanning reference 
lists of relevant studies. The electronic databases, includ-
ing PubMed, Embase, EconLit (EBSCO), Web of Science, 
Cochrane Library, National Health Service Economic Evalu-
ation Database (NHS EED), Centre for Reviews and Dis-
semination (CRD) Database of Abstracts of Reviews of 
Effects (DARE), and CRD Health Technology Assessment 
Database, were systematically searched from inception until 
5 January 2020. The search strategy used Medical Subject 
Headings (MeSH) terms and a range of text words pertinent 
to the identification of studies that included KRT modalities 
of PD, HD, and KT, and text words relevant to economic 
evaluations. The search strategies are provided in Resource 
2 (OSM).

2.2  Eligibility Criteria

For inclusion, the following criteria had to be fulfilled: (1) 
full economic evaluations that considered both costs and 
effects, including cost–benefit analysis (CBA), cost-utility 
analysis (CUA), cost-effectiveness analysis (CEA), and cost-
minimization analysis (CMA); (2) comparing three forms of 
KRT specified as PD, HD, and KT; (3) studies in the English 
language. All alternative modalities of PD (e.g., automated 
PD, continuous ambulatory PD), HD (e.g., home HD, in-
center HD, nocturnal home HD), and KT (e.g., living-donor 
transplantation (LT), deceased-donor transplantation (DT)) 
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were considered for inclusion. Exclusion criteria were: (1) 
partial economic evaluations, such as outcome description, 
cost description, cost-outcome description, effectiveness 
evaluation, and cost analysis; (2) systematic reviews, com-
mentaries, congress abstracts; (3) studies without at least 
three comparators of PD, HD, and KT. No limits were 
applied for country, publication date, and publication status.

2.3  Study Selection

Two reviewers independently performed the study selec-
tion in an unblended standardized manner. The titles and 
abstracts of all citations were evaluated to identify articles 
for full-text review. Any citations without electronically 
available abstracts were discarded unless the title was con-
vincing of the study’s relevance. Full-text publications were 
reviewed by two reviewers using the pre-defined eligibility 
criteria. All disagreements between reviewers were resolved 
by discussion and consensus.

2.4  Data Extraction and Risk of Bias Assessment

We extracted the following items from each included study: 
general study characteristics (author, publication year, coun-
try, study population, type of economic evaluations, study 
design, study perspective), model design and structure 
(model type, cycle length, time horizon, discount rate, num-
ber and names of key states/pathways), parameter sources 
and values (health outcomes, utility values, data sources for 
utility values, methods of measurement of utility, type and 
category of included costs, country and reference year of 
costs, cost values, data sources for cost values), summary 
of cost-effectiveness results (incremental cost-effectiveness 
ratios (ICERs), main results, type of sensitivity analyses, 
outcomes of sensitivity analyses, author’s/authors’ conclu-
sions). One reviewer completed the extraction and the sec-
ond reviewer checked the extracted data with disagreement 
resolved by consensus. The risk of bias of included stud-
ies was assessed using the Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) checklist [19]. 
All assessments were performed and agreed upon by two 
reviewers.

3  Results

3.1  Study Selection

The initial search of electronic databases provided a total of 
3784 citations. After adjusting for duplicates, 3236 abstracts 
were screened and the full-text articles of 91 citations were 
examined in more detail. Of these, nine studies met the 

inclusion criteria and were included in the review. One addi-
tional study that met the inclusion criteria was identified 
by scanning reference lists of relevant studies and review 
articles. A total of ten studies were identified for inclusion 
in the systematic review. Figure 1 shows the flow diagram 
of the study selection.

3.2  Study Characteristics

Table 1 provides a summary of the included studies. The 
included studies were from upper-middle-income countries 
and high-income countries. The study population of all stud-
ies were patients with ESKD, but only four studies described 
characteristics of the base case population [20, 24, 27, 29]. 
Five of the ten studies conducted a CUA [20–24], one con-
ducted a CEA [25], and four conducted both a CEA and 
CUA [26–29]. Eight studies were model-based economic 
evaluations using Markov models [20–23, 26–29] and the 
remaining two studies were a multicenter cross-section study 
[24] and a retrospective cohort study [25], respectively. Four 
studies were conducted from a public healthcare perspective 
[21, 22, 24, 27], three from a societal perspective [20, 23, 
29] and three from a third-party payer perspective [25, 26, 
28].

3.3  Quality of Reporting and Risk of Bias 
within Studies

Figure 2 shows the proportions of included studies that com-
plied with applicable items of the CHEERS checklist. None 
of the included studies addressed all the applicable items 
of the CHEERS checklist. The most infrequently reported 
items were characterizing heterogeneity, target population 
and subgroups, and characterizing uncertainty. About 60% 
of the studies failed to describe characteristics of the base-
case population. All studies stated the time horizon, but none 
of them clearly described the rationale for choosing the spec-
ified time horizon. Most of the studies failed to describe the 
population used to elicit preference-based outcomes, even 
though they reported methods used to derive utility values. 
Four studies did not report value ranges or probability dis-
tributions for parameters. In terms of characterizing uncer-
tainty, five studies were restricted to exploring the effects of 
a few input parameters and none of the studies explored the 
uncertainty related to the structure of the model and assump-
tions. One criterion that may have the potential for a higher 
risk of bias was the characterizing heterogeneity. Most stud-
ies did not conduct subgroup analyses, while the study that 
had conducted subset analyses did not report differences in 
outcomes between subgroups [29]. The performance of each 



166 F. Yang et al.

Fig. 1  Flow diagram showing 
study selection
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Table 1  Study characteristics

EE economic evaluation, CUA  cost-utility analysis, CEA cost-effectiveness analysis, ESKD end-stage kidney disease

Author (year) Country Study population Type of EEs Study design Study perspective

Moradpour et al. (2020) 
[20]

Iran Adult patients with ESKD CUA Model-based EE Societal perspective

Rosselli et al. (2015) [26] Colombia Adult patients with ESKD CEA, CUA Model-based EE Third-party payer per-
spective

Jensen et al. (2014) [21] Denmark Danish ESKD population CUA Model-based EE Public healthcare per-
spective

Shimizu et al. (2012) [22] Japan New patients with ESKD CUA Model-based EE Public healthcare per-
spective

Villa et al. (2012) [23] Spain Spanish ESKD population CUA Model-based EE Societal perspective
Haller et al. (2011) [27] Austria Austrian ESRD population CEA, CUA Model-based EE Public healthcare per-

spective
Howard et al. (2009) [28] Australia New ESKD patients in Aus-

tralia over 2005–2010
CEA, CUA Model-based EE Third-party payer per-

spective
Kontodimopoulos et al. 

(2008) [24]
Greece ESKD patients CUA Multicenter cross-sectional 

study
Public healthcare per-

spective
de Wit et al. (1998) [29] Netherlands Adult patients with ESKD CEA, CUA Model-based EE Societal perspective
Sesso et al. (1990) [25] Brazil Nondiabetic patients (aged 

15–50 years) who initi-
ated treatment for ESKD

CEA Retrospective cohort study Third-party payer per-
spective
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included study for the CHEERS checklist can be found in 
Resource 3 (OSM).

3.4  Model Design and Structure

Table 2 shows the characteristics of the model design and 
structure. A variety of time horizons were employed in the 
included studies, varying from 2, 5, 6, 10, and 15 years to 
lifetime horizons. The cycle length in the models was either 
1 month or 1 year, aside from one model that did not specify 
the cycle length [29]. The discounting is the same for costs 
and outcomes within each study, with discounting rates var-
ying from 3%, 3.5%, 5% to 6%, aside from one study that 
explicitly ruled out discounting on the basis of their 2-year 
time horizon [25]. The majority of model-based economic 
evaluations used a four-state Markov model approach and 
the remaining studies developed the Markov model with 
eight, 12, and 38 states. Moradpour et al. [20] and Villa 
et al. [23] used the same four-state model structure, but the 

model by Moradpour et al. [20] applied the 1-month cycle 
length and the model by Villa et al. [23] applied the 1-year 
cycle length. Haller et al. [27] defined 12 different states 
depending on time of initiation of a certain treatment modal-
ity. The study by de Wit et al. [29] combined six treatment 
modalities, three age-groups, and two treatment stages to 
define 36 states.

3.5  Parameter Sources and Values

3.5.1  Parameter Sources and Values for Utility

In terms of effectiveness outcomes, nine out of ten studies 
used QALYs as the main outcome measure. Therefore, this 
review focuses on the derivation of utility values.

Table 3 presents the parameter sources and values. Data 
sources for utility values include observational surveys and 
previous literature. The methods used to measure utility val-
ues include Time Trade-Off (TTO), Standard Gamble (SG), 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

1. Title

2. Abstract

3. Background and objectives

4. Target population and subgroups

5. Setting and location

6. Study perspective
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9. Discount rate

10. Choice of health outcomes

11a. Measurement of effectiveness

11b. Measurement of effectiveness

12. Measurement and valuation of preference-…

13a. Estimating resources and costs

13b. Estimating resources and costs

14. Currency, price date an conversion

15. Choice of model

16. Assumptions

17. Analytical methods

18. Study parameters

19. Incremental costs and outcomes

20a. Characterising uncertainty

20b. Characterising uncertainty

21. Characterising heterogeneity

22. Study findings, limitations, generalisability,…

23. Source of funding

24. Conflicts of interest

Yes Partially met No Not applicable

Fig. 2  Proportion of included studies that complied with applicable items of the Consolidated Health Economic Evaluation Reporting Standard 
(CHEERS) checklist
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Table 2  Model design and structure

NA not applicable, NR not reported, ESKD end-stage kidney disease, HD haemodialysis, PD peritoneal dialysis, CAPD continuous ambula-
tory peritoneal dialysis, CCPD continuous cycling peritoneal dialysis, KT kidney transplantation, LT living-donor transplantation, DT deceased-
donor transplantation

Author (year) Model type Cycle length Time horizon Discount rate Number and names of key 
states/pathways

Moradpour et al. (2020) 
[20]

Markov model 1 month Lifetime 6% costs and benefits 4 states: HD, PD, KT, death

Rosselli et al. (2015) [26] Markov model 1 month 5 years 3% costs and benefits 8 states: HD, PD, dialysis, 
acute rejection, healthy 
graft, chronic rejection, 
second line, death

Jensen et al. (2014) [21] Markov model 1 year 6 years 3.5% costs and benefits 4 states: HD, PD, KT, death
Shimizu et al. (2012) [22] Markov model 1 year 15 years 3% costs and benefits 8 states: ESKD, HD, PD, 

PD and HD combination 
therapy (PD + HD), a 
living donor transplant, a 
deceased donor trans-
plant, resumption of 
dialysis (after transplant), 
death

Villa et al. (2012) [23] Markov model 1 year Three temporal 
horizons (5, 10, and 
15 years)

3.5% costs and benefits 4 states: HD, PD, KT, death

Haller et al. (2011) [27] Markov model 1 month 10 years 3% costs and benefits 12 states: the initial state 
of a newly diagnosed 
kidney disease, HD dur-
ing the first 12 months, 
HD between 13 and 
24 months, HD beyond 
25 months, PD dur-
ing the first 12 months, 
PD between 13 and 
24 months, PD beyond 
25 months, KT from a 
deceased donor during 
the first 12 months, KT 
from a living donor dur-
ing the first 12 months, 
KT between 13 and 
24 months, KT beyond 
25 months, death

Howard et al. (2009) [28] Dynamic population-
based Markov 
model

1 year 5 years 5% costs and benefits 4 states: dialysis, pre-emp-
tive transplant, KT, death

Kontodimopoulos et al. 
(2008) [24]

NA NA Lifetime 5% costs and benefits NA

de Wit et al. (1998) [29] Markov model NR 5 years 5% costs and benefits 38 states: combinations of 
six treatment modalities 
(center HD, limited care 
HD, home HD, CAPD, 
CCPD and KT), three 
age-groups (0–44 years, 
45–64 years, and 65 years 
and older) and two treat-
ment stages (the first year 
and subsequent years 
on the same treatment 
modality), death, recovery 
of kidney function

Sesso et al. (1990) [25] NA NA 2 years No discounting NA
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EuroQol five-dimension scale (EQ-5D), Health Utilities 
Index (HUI), and SF-6D derived from SF-36 health survey. 
Moradpour et al. [20], Kontodimopoulos et al. [24], and de 
Wit et al. [29] obtained their utility scores from their obser-
vational surveys, and the remainder used utility values from 
previous literature. None of those studies obtaining utility 
values from previous literature fully describe the population 
characteristics of their cited studies. In the study by Jensen 
et al. [21], the utility values were derived from Sennfält 
et al. [30], who used the EQ-5D instrument to investigate 
a matched population in Sweden. Haller et al. [27] used the 
utility values directly from de Wit et al. [29]. The study 
by de Wit et al. [29] used SG, TTO, and EQ-5D to assess 
dialysis patients’ health states. It is worth noting that de Wit 
et al. [29] estimated the utility for KT based on three previ-
ous studies rather than by interview. Moradpour et al. [20] 
investigated a total of 214 ESKD patients using the Euro 
QOL EQ-5D-5L Persian version and they failed to report the 
main patient characteristics according to the KRT modality. 
Kontodimopoulos et al. [24] surveyed a total sample of 874 
nationally representative ESKD patients and obtained their 
SF-6D utilities derived from SF-36. It should be noted that, 
in the study by Kontodimopoulos et al. [24], KT patients 
were significantly younger and had less co-morbidities 
than PD and HD patients, which may influence the utilities 
measured.

There is a wide range of utility values across the included 
studies. The utility values for HD ranged from 0.44 to 0.72; 
for PD from 0.53 to 0.81; for KT from 0.57 to 0.90. In seven 
of the nine studies, KT utility was higher than PD utility, 
and PD utility was higher than HD utility [20–22, 24, 26]. 
In two of the nine studies, KT utility was higher than PD and 
HD utility, with PD and HD utility being equal [23, 28]. The 
study by de Wit et al. [29] suggests that conflicting results of 
utility valuations existed among different valuation methods. 
For example, continuous ambulatory PD patients’ EQ-5D 
scores were higher than those of center HD patients, while 
continuous ambulatory PD patients’ SG and TTO scores 
were lower than those of center HD patients.

3.5.2  Parameter Sources and Cost Inputs

Cost inputs were generally obtained from a combina-
tion of multiple sources, including the study hospitals, 
national institutions, published studies, expert opinion, 
and interviews with patients. Most of the studies reported 
adequate information on the key data sources, methods of 
cost estimation, the breakdown of cost items, currency, and 
the price year. However, it is not clearly reported in most 
studies whether resource use was valued at charges or real 
costs. Four studies [20, 24, 25, 27] obtained some of their 
resources from databases reflecting actual patient healthcare 
use, which facilitates the accuracy of the costs associated 

with each treatment modality. Moradpour et al. [20] and de 
Wit et al. [29] obtained their data on direct non-medical 
costs and indirect costs from interviews with patients.

There was a wide variety of types and categories of 
included costs, with the majority of studies including only 
the direct healthcare costs (such as diagnostic costs, outpa-
tient routine costs, and hospitalization costs). Three of the 
ten studies claimed to have been conducted from a societal 
perspective [20, 23, 29], but only one study considered the 
productivity losses of patients and caregivers [20]. Although 
de Wit et al. [29] claimed to have adopted a societal per-
spective, they excluded time costs and indirect costs (pro-
ductivity loss) in the cost analysis. Six of the ten studies 
differentiated between costs in the first year and subsequent 
years after initiation of KRT [22, 24, 25, 27–29]. This cost 
differentiation is necessary given that KT costs accumulate 
primarily in the first year and decrease substantially in sub-
sequent years.

3.6  Summary of Cost‑Effectiveness Results

3.6.1  Cost‑Effectiveness Results

Table 4 summarizes the main results of the included stud-
ies. The variability in study design and study perspective 
hampers our ability to conduct a quantitative statistical 
analysis to combine the results of included studies. Overall, 
the majority of studies showed that KT was the most cost-
effective KRT modality, and PD was more cost-effective 
than HD. Most studies suggested that KT held a dominant 
position over HD and PD with both lower costs and higher 
effectiveness [21, 22, 24, 26–29]. Studies conducted by 
Moradpour et al. [20] and Sesso et al. [25] indicated that KT 
did not dominate but was cost-effective compared with dialy-
sis at the given willingness-to-pay (WTP) thresholds. All but 
the study by Sesso et al. [25] suggested that PD was more 
cost-effective than HD. Five out of ten studies evaluated 
the cost-effectiveness of different KRT assignment strate-
gies [22, 23, 27–29]. These studies suggested that increased 
uptake of KT and PD by new ESKD patients would reduce 
costs and improve health outcomes or would be more cost-
effective than current practice patterns.

3.6.2  Analyses of Uncertainty

The issue of uncertainty was only partially explored in 
deterministic sensitivity analyses and probabilistic sensitiv-
ity analyses (PSA). All of the reviewed studies conducted 
sensitivity analyses to explore the implications of parameter 
uncertainty for the results of economic evaluations. How-
ever, none of the model-based economic evaluations dealt 
with the uncertainty related to the structure of the model. 
Moradpour et al. [20], Rosselli et al. [26], and Jensen et al. 
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[21] performed PSA, while the remaining seven studies 
only performed deterministic one-way sensitivity analysis. 
Half of the included studies [20, 21, 23, 26, 27] performed 
sensitivity analyses for all input parameters, including tran-
sition probabilities, costs, and utilities. There was no key 
input parameter that was consistently influential across the 
included studies. In the majority of the studies, sensitivity 
analyses suggested that parameter changes did not substan-
tially influence the results.

4  Discussion

4.1  Statement of Principal Findings

4.1.1  Model Design and Structure

All included model-based studies used a Markov model, 
indicating that these studies considered this approach 
appropriate for modelling ESKD. The structure of each 
model seemed adequate for reflecting the ESKD-specific 
health processes. All but one study [25] used time horizons 
of greater than 5 years, which seems suitable to reflect the 
long-term treatment outcomes. The study by Howard et al. 
[28] is the only study that contained time-dependent prob-
abilities. Given that a patient characteristic may determine 
future patient pathways, the use of individual-level micro-
simulation could be of value in this condition. In addition, 
guidelines on good modeling practice advocate the need to 
explore structural uncertainty, which include simplifica-
tions and scientific judgments regarding the construction 
and interpretation of a model [44]. Nevertheless, none of 
the studies justified their approach in a sensitivity analysis.

4.1.2  Parameter Sources and Measurement

To some degree, there is a lack of availability of utility data 
sources with high quality for ESKD patients. The included 
studies used utility values from previous literature or obser-
vational surveys. Rosselli et al. [26] and Villa et al. [23] con-
ducted a literature review to obtained utility values. How-
ever, this review was not systematic and they did not provide 
a critical appraisal of the primary studies included in their 
review. Several included studies derived their utility values 
from different sources, which makes it difficult to assess 
the validity of the results. In addition, utility values derived 
from observational studies are likely to suffer from selection 
bias given that study subjects were not randomly assigned 
to a treatment modality. Jensen et al. [21] obtained utility 
values from the previous literature by Sennfält et al. [30], 
which is the only study that aimed to minimize selection bias 
by matching on selected covariates, such as age, diabetes, 
heart disease, and living situation. However, this study had Ta
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a relatively small sample size that comprised 27 matched 
triplets, thereby affecting the reliability of the results. In 
study by Haller et al. [27], there were differences in patient 
characteristics among HD, PD, and KT groups, with HD 
patients on average being more than 10 years older than PD 
and KT patients, which might impact the effectiveness of 
the three modalities. Nonetheless, Haller et al. [27] failed to 
explicitly discuss issues related to these differences and the 
impact that they could have on the results.

This raises a concern that the differences in utility val-
ues of three KRT modalities might be partly determined 
by the differences in patient characteristics and conditions. 
Sculpher points out that [45] the subgroup differences in 
cost-effectiveness can be attributed to different types of het-
erogeneity that can be associated with the treatment, the 
underlying disease, or patient preference. Previous studies 
suggest that patients commencing PD are usually younger 
and self-determined healthier individuals, while those com-
mencing HD are in worse conditions and of older age [7, 
27]. Given that most included studies did not report the 
population used to derive utility values or perform subgroup 
analyses, it remains unclear whether the differences in utility 
values can be explained by variations between subgroups 
of patients with different characteristics. Furthermore, it is 
unclear to what extent the cost-effectiveness results will be 
impacted by the selection bias.

In terms of cost inputs, the data sources for cost inputs in 
most reviewed studies were appropriate as they included the 
most relevant data sources in their setting. Most of the stud-
ies provided adequate details on the data sources, methods 
of cost estimation, and the breakdown of cost items, which 
enhances the validity of their cost measurement. The varia-
tion in the source and type of costs confounds evaluation of 
costs and makes it challenging to compare across studies.

The study perspective essentially determines the scope of 
costs that need to be accounted for in the economic evalu-
ations [15]. Nonetheless, it is worth noting that two studies 
attempted societal perspective analyses but showed no evi-
dence of indirect costs, especially productivity loss, in their 
analyses. Compared with the third-party payer and public 
healthcare perspective, the societal perspective considers 
a broader scope of healthcare costs and other costs asso-
ciated with the relevant stakeholders in the society, such 
as time costs of informal caregivers and productivity loss 
of patients. The societal perspective allows for the identi-
fication of the transfer costs from the healthcare system to 
the household and society [8]. Hence, growing importance 
has been attached to considering the indirect costs borne 
by patients and their families [15, 36]. HD is primarily 
administered in ambulant dialysis units, while PD is pre-
dominantly performed at home [37]. The adoption of home-
based HD and PD can shift some burden onto family mem-
bers [27]. Moreover, previous studies show that KT patients 

have significantly higher employment rates compared with 
dialysis patients, with employment rates of 11–32% in HD 
patients, 28–50% in PD patients, and 30–70% in KT recipi-
ents [38–43]. The societal perspective can provide decision 
makers with a more comprehensive understanding of the 
cost-effectiveness of alternative options and may result in 
an optimal resource allocation in decision making.

4.1.3  Implications from Cost‑Effectiveness Results

Overall, evidence collected from included studies indicates 
that KT is the most cost-effective KRT modality, with either 
a dominant position over HD and PD or an ICER well below 
the accepted WTP threshold. Although the data on costs 
and health outcomes are country-specific in each study, the 
comparative costs and effectiveness of KT relative to dialysis 
modalities are similar across studies. This finding remains 
consistent over time even though the clinical practice of 
KRT is likely to evolve. In addition, the majority of included 
studies suggest that PD is less costly and offers comparable 
or better health outcomes than HD. We interpret this finding 
with caution, as the evidence regarding this issue was incon-
clusive. In terms of cost differences between PD and HD, the 
majority of studies indicate that PD is a cost-saving therapy 
compared to HD. The lower cost of PD may be attributable 
to the minimal use of equipment, infrastructure, and staff 
time since PD is a primarily home-based treatment option 
[20]. Nonetheless, the study by Howard et al. [28] indicates 
that dialysis cost is highly health system-specific and their 
professional staff expenditure can vary widely from coun-
try to country. In terms of health outcomes, several studies 
assumed equal survival for HD and PD patients [20, 23, 27]. 
In terms of QOL, HD patients are inclined to have better 
social interaction and less isolation fear [31, 32]. In contrast, 
PD patients tend to report less illness intrusion, higher satis-
faction, and better renal care [33, 34]. Overall, however, pre-
vious studies suggest that no significant difference in QOL 
exists between PD and HD patients [9, 29, 35]. Therefore, 
there is limited ability to generalize the finding that PD is 
more favorable than HD beyond the specific settings and 
assumptions.

Most of the included studies suggest that KT and PD 
should be prioritized and encouraged as a primary strat-
egy for KRT for eligible patients when planning KRT 
services. Nonetheless, it should be noted that modality 
selection is a complex issue that can be driven by both 
medical and non-medical factors. Medical factors, such 
as contraindications, may disqualify patients from choos-
ing a certain modality [46]. Under this circumstance, the 
cost-effectiveness findings may not be able to override the 
medical determinants of the modality selection. The cost-
effectiveness findings can be of value in situations where 
non-medical factors play a significant role in influencing 
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modality selection. Financial reimbursement policies 
have been identified as the most important non-medical 
factor contributing to modality selection [10]. In several 
countries that have initiated PD-First policies, efforts have 
been made to revise the reimbursement policy in a way to 
encourage utilization of PD [10]. In this sense, the cost-
effectiveness findings that KT and PD are more favorable 
KRT modalities have essential policymaking implications.

Although it has been shown consistently across stud-
ies that KT is the optimal KRT modality, the expansion 
of KT may be challenging to achieve given the limited 
availability of donor organs. It is estimated that less than 
20% of treated ESKD patients are living with a KT in 
approximately one-third of countries [3]. Therefore, in 
order to promote cost-effective management of ESKD, it is 
of great importance to implement specific strategies aimed 
at increasing kidney donations, such as reducing financial 
disincentive to living donors, improving donor transplant 
coordination, and increasing the use of expanded criteria 
donors [47, 48].

4.2  Strengths and Limitations

To our knowledge, this is the first systematic review that 
has focused on economic evaluations that compared three 
forms of KRT modalities specified as HD, PD, and KT. 
We included numerous electronic databases and manually 
searched the reference lists of relevant studies to ensure the 
sensitivity of the search strategy. The studies included in 
our review were conducted in several countries and repre-
sented various healthcare systems. Moreover, two reviewers 
independently carried out the study screening, data extrac-
tion and study appraisal, which reduced potential bias in the 
review process.

Our review has several limitations. First of all, we could 
not combine data across studies to draw any definitive con-
clusions regarding the cost-effectiveness of KRT modalities 
because of the heterogeneity in study designs. As described, 
all studies varied in their study designs, such as study per-
spective, cost category and estimations, time horizons, and 
model structure. Hence, it is impossible to convert findings 
across studies into a common estimation for comparison. 
Second, we included studies that compare HD, PD, and 
KT and excluded studies that compare only one modality 
or a mix of two different types of dialysis because other 
researchers have already carried out a systematic review or 
meta-analysis on them, while studies comparing all three 
modalities exist but nobody has reviewed them. Third, we 
excluded studies published in non-English languages and 
thus there is a potential omission of relevant articles from 
some cultures or ethnic backgrounds. Fourth, our review 
focused solely on the published literature, which represents 

a potential publication bias. Finally, we used the CHEERS 
checklist to appraise the included studies, which is prone to 
subjective reviewer judgments.

4.3  Considerations for Future Research

Our review has important implications for future research. 
First, considering the productivity costs associated with 
the KRT modality, more economic evaluations can be con-
ducted from a societal perspective to quantify indirect costs 
such as productivity loss borne by patients and their families. 
Second, though most established models seemed adequate 
for reflecting the disease and its progression, many studies 
assumed time-independent probabilities for switching between 
modalities. Future research might expand more on compli-
cated models to reflect the real-world disease progression and 
treatment patterns. Third, evidence on the cost-effectiveness 
of KRT modality in different subgroups of patients is scarce, 
with no included study having addressed the item of charac-
terizing heterogeneity in the CHEERS checklist. The results 
may be confounded by differences between subgroups other 
than the KRT modality. Therefore, if feasible, further studies 
should also detail the evidence for subsets of patients with dif-
ferent characteristics. Finally, as evidence from future studies 
becomes available, it is necessary to update the assessment of 
the cost-effectiveness of KRT modality.
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