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Abstract
Background: With the promising outcomes of the pre-ESRD (end-stage renal disease) pay-for-performance (P4P) 
program, the National Health Insurance Administration (NHIA) of Taiwan launched a P4P program for patients with 
early chronic kidney disease (CKD) in 2011, targeting CKD patients at stages 1, 2, and 3a. This study aimed to examine 
the long-term effect of the early-CKD P4P program on CKD progression.
Methods: We conducted a matched cohort study using electronic medical records from a large healthcare delivery 
system in Taiwan. The outcome of interest was CKD progression to estimated glomerular filtration rate (eGFR) <45 
mL/min/1.73 m2 between P4P program enrolees and non-enrolees. The difference in the cumulative incidence of CKD 
progression between the P4P and non-P4P groups was tested using Gray’s test. We adopted a cause-specific (CS) hazard 
model to estimate the hazard in the P4P group as compared to non-P4P group, adjusting for age, sex, baseline renal 
function, and comorbidities. A subgroup analysis was further performed in CKD patients with diabetes to evaluate the 
interactive effects between the early-CKD P4P and diabetes P4P programs.
Results: The incidence per 100 person-months of disease progression was significantly lower in the P4P group than in 
the non-P4P group (0.44 vs. 0.69, P < .0001), and the CS hazard ratio (CS-HR) for P4P program enrolees compared with 
non-enrolees was 0.61 (95% CI: 0.58–0.64, P < .0001). The results of the subgroup analysis further revealed an additive 
effect of the diabetes P4P program on CKD progression; compared to none of both P4P enrolees, the CS-HR for CKD 
disease progression was 0.60 (95% CI: 0.54–0.67, P < .0001) for patients who were enrolled in both early-CKD P4P and 
diabetes P4P programs.
Conclusion: The present study results suggest that the early-CKD P4P program is superior to usual care to decelerate 
CKD progression in patients with early-stage CKD.
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Implications for policy makers
• Clinical guideline-based pay-for-performance (P4P) programs are an applicable strategy for more active early-stage chronic kidney disease 

(CKD) disease management.
• While designing P4P programs, policy-makers can address the elements of continuity of care and patient adherence, which are beneficial to 

patient outcomes.
• There is a potential synergistic effect of more than one P4P intervention. Policy-makers may evaluate these effects from the perspective of cost-

effectiveness for patients with multiple chronic diseases.

Implications for the public
Early-stage chronic kidney disease (CKD) earns less public awareness in the field of chronic disease management. As part of the worldwide trend to 
shift the focus from the treatment of late-staged kidney disease to more proactive early interventions and preventions, the National Health Insurance 
Administration (NHIA) in Taiwan launched the early-CKD pay-for-performance (P4P) program in 2011. This long-term study demonstrated the 
clinical benefits of this program in reducing and delaying patients’ kidney disease progression.
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Background 
The expanding size of the population of patients with 
chronic kidney disease (CKD) and CKD-related morbidity 
and deaths have resulted in a great burden and challenges to 
the health systems around the world. The aging population, 
accompanied by an elevating prevalence of diabetes and 
hypertension, has further amplified the problems of CKD 
and end-stage renal disease (ESRD).1-3 The global number 
of patients who require maintenance dialysis for ESRD has 
been increasing at a rate of 7% per year,4 and the number 
of ESRD patients needing maintenance dialysis or kidney 
transplantation has been projected to increase from 2.618 
per million population, as estimated in 2010, to 5.439 per 
million population in 2030.5 Deaths attributable to CKD are 
expected to rise from 12.2/100 000 in 2012 to 14/100 000 in 
2030.6,7 Once CKD progresses to the late stage, high medical 
utilization and expenditures are inevitable.4,8,9

Taiwan has been facing its CKD epidemic for years, with its 
prevalence of CKD increasing from 1.99% in 1996 to 11.9% in 
200610; in 2016, the incidence and prevalence rates of ESRD 
reached 493 and 3392 per million population, respectively, 
both ranking at the top in the international comparisons 
according to a US Renal Data Systems report.3 The treatment 
of CKD has brought a heavy financial burden to the healthcare 
system in Taiwan.11 In 2018, the cost of outpatient dialysis 
accounted for 8.7% of all outpatient expenditures under the 
National Health Insurance system.12

To manage the financial and clinical burden of CKD, 
the health authority in Taiwan has implemented various 
programs to raise population awareness of the risk factors for 
CKD, promote organ donation, increase the number of renal 
transplants, establish monitoring indicators and initiate a 
surveillance database. In 2006, the National Health Insurance 
Administration (NHIA) launched a countrywide pre-ESRD 
pay-for-performance (P4P) program which aims to deliver 
adequate care for patients with proteinuria and patients with 
CKD at estimated glomerular filtration rate (eGFR) stage 3b 
(30-44.9 mL/min/1.73 m2), stage 4 (15-29.9 mL/min/1.73 
m2), and stage 5 (<15 mL/min/1.73 m2) while not on dialysis; 
the effectiveness of this program in slowing the deterioration 
of patients’ renal function and lengthening the time to the 
initiation of maintenance dialysis had been demonstrated.13-16

P4P, or value-based purchasing, functions by linking 
financial rewards to incentivize healthcare providers to deliver 
predefined high-quality care to their patient populations. The 
P4P-based payment system has set rigorous explicit indicators 
of clinical performance measures based on the Kidney Disease: 
Improving Global Outcomes international practice guidelines 
for renal care.17 Following the implementation of the pre-
ESRD P4P program, the NHIA in Taiwan initiated the early-
CKD P4P program in 2011 to provide active interventional 
care to patients at a less severe stage of renal dysfunction 
(eGFR ≥45 mL/min/1.73 m2). Early identification with 
active management is considered imperative to prevent CKD 
progression and its relevant complications through continuity 
of care and improved patient literacy.18 To date, there are 
insufficient effectiveness data for early CKD interventions 
in real-world practice settings. Therefore, this study aimed 

to assess whether the P4P program altered the risk of CKD 
progression using electronic medical records data from a 
large healthcare delivery system in Taiwan.

Methods
Data Source
This was a matched cohort study. Among CKD patients, we 
compared the long-term effect of the early-CKD P4P program 
between program enrolees and those receiving usual care. The 
study used the deidentified electronic medical records of the 
Chang Gung Research Database (CGRD), which includes 6 
Chang Gung Memorial Hospitals located in North and South 
Taiwan19 that provide approximately 10% of the National 
Health Insurance-covered service volume.20 

Patients participating in the early-CKD P4P program were 
identified by the billing codes for the receipt of the early-
CKD program in the CGRD between January 1, 2011 and 
December 31, 2017, and the extracted data included patient 
demographics, diagnoses, medications, medical procedures, 
and laboratory and examination results in the outpatient, 
inpatient, and emergency room settings.

Early-CKD P4P Program
The Taiwan early-CKD P4P program focuses on CKD patients 
with eGFR ≥45 mL/min/1.73 m2. Healthcare providers by 
the medical institute can join this program voluntarily, and 
eligible patients are invited to the program primarily by 
nephrologists in the study setting. The P4P multidisciplinary 
care team includes physicians, nurses, dietitians and case 
managers who obtained sufficient professional training on 
kidney disease. Under the program, healthcare providers are 
required to provide predesignated physical examinations, 
urinalysis and hematology tests, and patient education in 
conformity with NHF-KDOQI (National Kidney Foundation 
– Kidney Disease Outcomes Quality Initiative) clinical 
guidelines22 to meet incentive criteria. Cardiologists and 
physicians specialized in metabolism are also encouraged to 
lead a team.21 Once enrolled, a patient is recommended to 
keep regular follow-up every 6 months by the same physician 
at the same medical site. The content of the guideline-based 
program is listed in Table S1 (see Supplementary file 1). 

There are three process-based and outcome-based financial 
incentives for the medical institutes (healthcare provider). The 
process-based performance measures are at initial enrolment 
(billing code: P4301C; financial reward: around 200 New 
Taiwan Dollars (NTD)/time), at the routine follow-up visits 
(billing code: P4302C; financial reward: around 200 NTD/
time), and upon transferring to the pre-ESRD P4P program 
(billing code: P4303C; financial reward: around 200 NTD/
patient). The outcome-based measure concerns patients’ 
improvement in the CKD stage or eGFR value and a treating 
physician will receive 400 NTD/patient if a patient meets the 
performance target (Table S2). The exchange rate between 
NTD and USD was ~30:1.

Study Cohort
The study cohort consisted of adult patients with CKD and 
eGFR ≥ 45 mL/min/1.73 m2. Patients were classified into the 
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P4P (intervention group) and non-P4P (control group) groups 
based on enrolment in the early-CKD P4P program (Figure 
1). To ensure the eligibility of the patients in the P4P group, 
we only included patients having at least one follow-up visit 
(P4302C). The date of an initial enrolment (P4301C) record, 
which was within the 3 months before the selected P4302C 
record, was set as the index date for individual patients in the 
intervention group. If no P4301C record within the previous 
3 months was found, the nearest P4301C record within the 
previous 365 days was used instead. Baseline CKD stage at the 
index date was calculated using the mean eGFR value within 
6 months before the index date. Figure 2A provides detailed 
information about the inclusion and exclusion criteria.

From the patients receiving usual care in the study setting 
(control group), we first identified those who had at least 
two eGFR values within an interval of 6 months to comprise 
the candidates for the control group. Second, a patient with 
the CKD diagnosis based on International Classification of 
Disease – 9 or 10 – Clinical Modification (ICD-9/10-CM) 
codes was defined as having at least two claims of CKD in 
outpatient or inpatient visits with an interval of 84 (±7) to 365 
days following the NHF-KDOQI guidelines.22 We adopted the 
ICD-9-CM codes for CKD in the CGRD before 201626 and 
ICD-10-CM codes for CKD in the CGRD between 2016 and 
2017. Patients were excluded if they (1) had only one accidental 
eGFR value, (2) lacked the 6-month interval between eGFR 
data (to be consistent with patients in the intervention group), 
or (3) ever had a P4302C or P4303C code or had any billing 
codes for the pre-ESRD P4P program in 2011.

In the control group, if a patient had more than one CKD 
stage (calculated using eGFR values) documented during the 
study period, only one stage was randomly selected for later 
matching purposes, and the date of the selected CKD stage 
served as a temporary index date for retrieving the patient’s 
baseline information. Finally, to avoid attrition bias, patients 
whose follow-up duration was less than 3 months were 
excluded (Figure 2B).

To minimize selection bias, a 1:1 exact matching strategy 
was employed, according to patient age (by 5 years), sex, 
number of baseline comorbidities according to the Charlson 
Comorbidity Index (CCI),27 baseline eGFR value and the 

year and quarter (a 3-month interval) of the eGFR value, 
and the duration of follow-up (number of 6-month intervals) 
for potential bias of missing data. In the matched cohort, 
patients of the control group were assigned with a pseudo 
index date of their counterparts (matched individual in the 
intervention group). Baseline eGFR was determined by the 
mean values of at least two eGFRs within 6 months before the 
index date (stage 1: eGFR ≥90 mL/min/1.73 m2, stage 2: eGFR 
= 60-89 mL/min/1.73 m2, and stage 3a: eGFR = 45-59 mL/
min/1.73 m2). The individual comorbid disease in the CCI 
was identified as at least one disease-specific ICD-9/10-CM 
code that appeared in the outpatient, inpatient, or emergency 
room setting within the past 365 days before the index date. 

Outcomes
The primary outcome was CKD progression, recognized as 
eGFR < 45 mL/min/1.73 m2 that occurred in two consecutive 
quarters apart between 84-190 days, and the earlier date of 
eGFR <45 was defined as the first event of interest. In the 
intervention group, having a P4303C code, which indicated 
enrolment in the pre-ESRD P4P program, was an alternative 
endpoint criterion, and the event date for CKD progression 
was the date of eGFR <45 mL/min/1.73 m2 or the P4303C 
code presented, whichever came first. Patients who did not 
experience the outcome of interest were censored at date of 
the last available eGFR value, the last date of P4302C receipt, 
or the date of in-hospital mortality, whichever occurred later. 
Death events were ascertained using hospitalization discharge 
records and validated by the absence of any healthcare services 
encounters afterward.

The study followed patients from index date to the first 
event of eGFR <45 mL/min/1.73 m2, death or censored 
date. Program interruption was defined as two consecutive 
documented P4P billing codes that were separated by more 
than 365 days. If a patient’s last date of P4P receipt appeared 
to be the only record after an interruption, that record would 
not be adopted as the censoring date.

Statistical Analysis
Covariates included patient age, sex, baseline eGFR level, 
and comorbidities based on CCI disease conditions.27,28 We 

Figure 1. Study Design and Follow-up. Abbreviations: ESRD, end-stage renal disease; CKD, chronic kidney disease; P4P, pay-for-performance; eGFR, estimated 
glomerular filtration rate, calculated using the Modification of Diet in Renal Disease equation23-25: 175 x (serum creatinine) -1.154 x (Age) - 0.203 x [0.742 if female].

Enrollment into the 
Early CKD program

Index Date

Intervention

Control

Pseudo
Index Date

End of Follow-up:
(1) Enrollment in the pre-ESRD P4P program, or
(2) CKD progression, or
(3) Last eGFR value, last date of P4302C receipt, 
or date of in-hospital death

1st CKD Date 2nd CKD Date

84(±7) – 365 days

End of Follow-up:
(1) CKD progression, or
(2) Last eGFR value, or date of in-hospital death
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calculated the eGFR level by the Modification of Diet in Renal 
Disease equation23-25: 175 × (serum creatinine) -1.154 × (Age) 
- 0.203 × [0.742 if female], where the laboratory data were 
collected within six months before the index date. Enrolment 
in the diabetes P4P program during the baseline 12-month 
period was defined as at least one billing code that denoted 
the follow-up visits in the diabetes P4P program (P1408C, 
P1409C, P1410C, P1411C).

Student’s t test was used for continuous data, and the χ2 
test for categorical data for comparing the variables between 
groups. The cumulative incidence of CKD progression was 
compared between the two groups with Gray’s test to avoid 
overestimated probability of the CKD progression event. 
In-hospital mortality was considered a competing event in 
cause-specific (CS) hazard regression model to estimate the 
adjusted hazard ratio (HR) with a 95% confidence interval 
(CI) for the intervention, adjusting for age, sex, baseline eGFR 
levels, diabetes P4P program and CCI score. 

A subgroup analysis for patients with diabetes was carried 
out to assess the heterogeneity of the early-CKD P4P program 
effects in different subgroups of patient and the interactive 

effects between the early-CKD P4P and the diabetes P4P 
programs (the latter was implemented in 2001). A two-sided 
test with a P value of <.0500 was considered statistically 
significant. All statistical analyses were performed using SAS 
version 9.4 (SAS Institute, Cary, NC, USA).

Results 
Patient Characteristics
Figures 2A and 2B show the patient selection process. The 
number of patients in the full study cohort from 2011 to 2017 
was 57 934, and the different categories denote the duration 
between each patient’s first enrolment and end of follow-
up date (Figure S1). Based on the definition of program 
interruption, 95% of the enrolled patients did not experience 
any interruption, suggesting a good adherence rate for the 
program. A total of 2719 of the patients had one interruption, 
126 patients had two interruptions, and two patients had 
three interruptions.

The baseline patient characteristics before and after 
matching are summarized in Table 1. Before matching, 
patients in the control group tended to be younger, had a 

Figure 2. Inclusions and Exclusions of the Study Cohort. Abbreviations: P4P, pay-for-performance; ESRD, end-stage renal disease; CKD, chronic kidney disease; 
eGFR, estimated glomerular filtration rate; P4302C, billing code for follow-up visit in the early-CKD P4P program; P4303C, billing code for transferring to the pre-ESRD 
P4P program.
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greater proportion of CKD stage 1 disease than stage 3a 
disease, and had fewer comorbid diseases. The matched 
cohort consisted of 45 770 patients, with 59.4% of the patients 
being male. The mean age of this patient cohort was 64.6 
(±12.1) years, most (97.1%) of the patients were at stage 2 
or 3a CKD, and more than 80% of the patients had 0-2 CCI 
disease categories. A greater proportion (17.9% vs. 6.5%) of 
patients in the intervention group was also enrolled in the 
diabetes P4P program at baseline.

CKD Progression
The overall mean follow-up was 27.9 (±19.0) months, and 30.5 
(±19.1) months for patients in the intervention group, 25.3 
(±18.6) months for the control group. Over the study period, 
the decline in the mean eGFR per month was significantly 
smaller in the intervention group than the control group 
(-0.22 [±1.13] mL/min/1.73 m2 versus -0.30 [±2.66] mL/
min/1.73 m2, P < .0001). Table 2 summarizes the cumulative 
eGFR <45 mL/min/1.73 m2 or transfer to the pre-ESRD 
intervention program events. During 5 years of follow-up, the 
incidence rate of CKD progression was significantly lower in 
the intervention group than in the control group (rate ratio = 
0.64, 95% CI = 0.61–0.67, P < .0001). A similar trend could 
be found in patients at stage 2 and stage 3a CKD. There were 
approximately 5% of patients who remained in both study 
groups after 60 months of follow-up, thus time-to-event 
estimates were performed at 60 months.

The cumulative incidence curves are shown in Figure 3, 
with the result of Gray’s test suggesting significantly different 
incidence profiles between the groups. The prevention of 
CKD progression in the intervention group remained after 
adjusting for the patients’ demographics and CCI disease 
conditions; that is, patients included in the P4P group 
demonstrated a 39% reduced risk of disease progression 
after adjustment (CS-HR: 0.61, 95% CI: 0.58–0.64, P < .0001) 
(Table 3). Patients at stage 3a (CS-HR: 6.46, 95% CI: 6.07–
6.88) or with a higher CCI score (CS-HR: 1.10, 95% CI: 1.09–
1.12) had a significantly increased risk of CKD progression. 
The cumulative incidence curves were further stratified by 
CKD stage (Figures S2A-S2B).

Subgroup Analysis
The study results revealed an additive effect of the diabetes 
P4P program on CKD disease progression among early-
CKD patients with diabetes at enrolment (n = 23 071). In 
the early-CKD intervention group, more than 30% diabetes 
patients had ≥1 comorbid conditions and 31.1% of them also 
participated in the diabetes P4P program (Table S3). Using 
the multivariable CS hazard regression model, we found that 
compared with non-P4P enrolees (neither the early-CKD 
program nor DM program), those who participated in the 
diabetes P4P program had a 21% reduced risk of CKD disease 
progression (CS-HR: 0.79, 95% CI: 0.68–0.92, P = .0024), and 
the CS-HR was 0.65 (95% CI: 0.60–0.70, P < .0001) and 0.60 

Table 1. Baseline Characteristics of Patients Before and After Matching

Characteristics
Before Matching After Matching

Control Group  
(N = 81 816)

Intervention Group  
(N = 57 934)

P Value
Control Group  

(N = 22 885)
Intervention Group  

(N = 22 885)
P Value

Matching Keys
Gender <.0001 　 1.0000
  Male 45695 (55.9%) 32956 (56.9%) 13594 (59.4%) 13594 (59.4%)
  Female 36121 (44.1%) 24978 (43.1%) 9291 (40.6%) 9291 (40.6%)
Age, years <.0001 .8988
  Mean ± SD 61.0 ± 14.5 65.2 ± 13.2 64.6 ± 12.1 64.6 ± 12.1
  Median 61.3 65.7 64.8 64.8
  Min-Max 18-103.0 18-103.2 18-98.2 18-98.4
CKD stage <.0001 　 1.0000
  Stage 1 25980 (31.8%) 1168 (2.0%) 671 (2.9%) 671 (2.9%)
  Stage 2 33908 (41.4%) 30 426 (52.5%) 12530 (54.8%) 12530 (54.8%)
  Stage 3a 21928 (26.8%) 26 340 (45.5%) 9684 (42.3%) 9684 (42.3%)
Number of baseline CCI disease category <.0001 　 1.0000
  0 23117 (28.3%) 9105 (15.7%) 4888 (21.4%) 4888 (21.4%)
  1 29543 (36.1%) 14 369 (24.8%) 7723 (33.7%) 7723 (33.7%)
  2 18609 (22.7%) 19 224 (33.2%) 6926 (30.3%) 6926 (30.3%)
  3 7246 (8.9%) 9651 (16.7%) 2430 (10.6%) 2430 (10.6%)
  4+ 3301 (4.0%) 5585 (9.6%) 918 (4.0%) 918 (4.0%)
Non-matching Keys
Baseline CCI score .3241
  Mean ± SD 1.9 ± 1.7 1.9 ± 1.9 　

  Median 2.0 2.0 　

  Min-Max 0-16 0-16 　

Baseline diabetes P4P enrolment <.0001
  Yes 1480 (6.5%) 4107 (17.9%) 　

  No 21405 (93.5%) 18778 (82.1%) 　

Abbreviations: CKD, chronic kidney disease; CCI, Charlson comorbidity index; P4P, pay-for-performance; SD, standard deviation.
Stage 1: eGFR ≥90 mL/min/1.73 m2; stage 2: eGFR 60-89.9 mL/min/1.73 m2; stage 3a: eGFR 45-59.9 mL/min/1.73 m2.
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(95% CI: 0.54–0.67, P < .0001), respectively, for patients who 
were enrolled in the early-CKD program and patients who 
were enrolled in both programs (Table 4). The effects of other 
covariates are consistent with those reported in the main 
model (Table 3). If the interaction term (both early-CKD 
and diabetes P4P programs) was considered in the primary 
model, the CS-HR for the interaction term was 1.17 (95% CI: 
0.98–1.41, P = .0891). 

Discussion 
This study is one of few large cohort studies to evaluate 
the effectiveness of early intervention in the CKD patient 

population under a clinical guideline-based P4P program. 
The study results suggested the effectiveness of the early-CKD 
P4P program in reducing the risk of CKD progression among 
patients with an eGFR ≥45 mL/min/1.73 m2 compared to the 
usual care. Over 6 years of study follow-up, CKD patients 
with diabetes were found to benefit from the intervention of 
the early-CKD P4P program, and the benefit was greater for 
patients who were also enrolled in the diabetes P4P program.

Possible explanations for the positive outcome of the P4P 
program on CKD progression are as follows. First, higher 
probability of completing regular follow-up visits among the 
enrolled early-CKD patients facilitates better monitoring 

Table 2. Incident CKD Progression Events, Overall and by Baseline CKD Stages Over 5 Years

Control Group Intervention Group
Rate Ratio

(95% CI) P Value
Overall
N 22885 22885
No. of events 3913 2998
Rate per 100 patient-months 0.69 0.44 0.64 (0.61–0.67) <.0001

Stage 1
N 671 671
No. of events 4 6
Rate per 100 patient-months 0.02 0.03 1.35 (0.38–4.79) .6413

Stage 2
N 12530 12530
No. of events 712 587
Rate per 100 patient-months 0.20 0.15 0.73 (0.66–0.82) <.0001

Stage 3a
N 9684 9684
No. of events 3197 2405
Rate per 100 patient-months 1.60 0.90 0.56 (0.54–0.60) <.0001

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate, calculated using the Modification of Diet in Renal Disease equation (175 
× (Scr) -1.154 × (Age)-0.203 × (0.742 if female)).

Figure 3. Cumulative Incidence of CKD Progression Over 5 Years. Abbreviation: CKD, chronic kidney disease. 
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and control of disease progression; second, in-depth health 
education for the enrolled patients may have increased the 
ability and willingness of the patients for engagement and 
self-management; third, the P4P program may have increased 
the mutual trust between the participating physicians and 
the enrolled patients which may lead to better adherence to 
guideline recommendations.

There has been a worldwide trend to shift the focus from 
the treatment of ESRD to more proactive primary and 
secondary prevention strategies while improving the quality 
of CKD care.1,29-32 Bello et al33 pointed out several obstacles 
to effective care for non-dialysis-dependent CKD patients, 
including the absence of a disease surveillance mechanism 
and lack of a coordinated caring strategy. The present study 
results therefore shed light on the benefits of the P4P payment 
mechanism, which might incentivize coordinated and high-
quality care to refine the management of early-stage chronic 
disease. Some studies examined the P4P program from the 
perspective of incentive design.34-36 CKD-related indicators, 
such as controlled blood pressure was targeted in the P4P 
system in the UK Quality and Outcomes Framework (QOF) 
in 2006. Karunaratne et al conducted a 6-year prospective 
cohort study to the impact of P4P system pre- and post-
QOF periods (2 and 4 years, respectively) and found that 
the proportion of patients who reached the BP target 
improved from 41.5% to 50.0% and increased uses of anti-
hypertensive prescriptions in CKD patients at stage 3-5 at 
enrolment.34 Hsieh et al applied population-based claims 
data in Taiwan and found that on the basis of process-based 
incentives, healthcare providers did respond to the additional 
outcome measures (hemoglobin A1c level and lipid profiles). 

Table 3. Factors Associated with CKD Progression

Parameters CS-HR (95% CI) P Value

Early CKD program (vs. control) 0.61 (0.58–0.64) <.0001

Age 1.02 (1.02–1.02) <.0001

Male (vs. female) 0.86 (0.82–0.90) <.0001

Baseline CKD stage

eGFR 45-59.9 (vs. ≥ 60 mL/min/1.73 m2) 6.46 (6.07–6.88) <.0001

CCI score 1.10 (1.09–1.12) <.0001

Diabetes P4P program 0.98 (0.90–1.06) .5680

Abbreviations: CKD, chronic kidney disease; CCI, Charlson comorbidity 
index; CS-HR, cause-specific hazard ratio; P4P, pay-for-performance; eGFR, 
estimated glomerular filtration rate.

Table 4. Factors Associated with CKD Progression in CKD Patients Comorbid 
with Diabetes  

Parameters CS-HR (95% CI)a P Value

(Reference: none of both P4Ps) - -

Diabetes P4P only 0.79 (0.68–0.92) .0024

Early-CKD P4P only 0.65 (0.60–0.70) <.0001

Diabetes and Early-CKD P4P 0.60 (0.54–0.67) <.0001

Abbreviations: CKD, chronic kidney disease; CS-HR, cause-specific hazard 
ratio; P4P, pay-for-performance.
a The HRs were adjusted for age, sex, CKD stage, and CCI score.

Compared with the time period without outcome-based 
incentives, the implementation of these incentives reflected a 
significant decrease in hemoglobin A1c level (-1.97 vs. -5.72 
% change from baseline) and LDL cholesterol (-1.87 vs. -6.10 
% change from baseline)36 in patients with diabetes.

Instead of examining the P4P program from the perspective 
of financial incentives, the present study, importantly, 
addressed the continuity of care resulting from the P4P 
program. In the study cohort, the patients’ mean duration of 
enrolment in the early-CKD P4P program was 29.2 (+18.9) 
months (results not shown), and 95% of patients did not 
experience any program interruption, suggesting good 
adherence to the program. In other words, a patient who can 
adhere to the program for at least 2.5 years is expected to 
benefit from the P4P program, as demonstrated in this study. 
We also conducted a sensitivity analysis by excluding the 5% 
of patients with program interruption from the analysis and 
found results consistent with the main findings (adjusted HR: 
0.64, 95% CI: 0.61–0.67, P <.0001, results not shown).

Lin et al extracted claims data from a multicenter cohort 
in southern Taiwan and pointed out that for patients with 
CKD stages 3b-5, adherence to the pre-ESRD P4P program 
was poor.14 Yen et al evaluated the continuity of care of the 
diabetes P4P program in Taiwan and found that 44.3% of 
P4P program enrolees failed to complete their first annual 
diabetes evaluation, although the P4P program did improve 
continuing care.37 A time-series analysis from the UK also 
showed a reduced continuity of care following the initiation of 
the P4P mechanism of the QOF.38 These inconsistent findings 
imply varied long-term cost-effectiveness of P4P programs 
among patients with different disease severities, which is 
worth examining in future studies. 

The current study also showed several risk factors associated 
with CKD progression, including older age, higher disease 
stage, and more severe baseline comorbidities. The study 
findings also echoed the interactive effects of the early-CKD 
P4P and diabetes P4P programs, as indicated by the Liao et 
al39 study. In Taiwan, there has been an increasing number 
of ESRD patients with diabetic nephropathy as their primary 
renal disease,40 and the proportion of newly diagnosed dialysis 
patients with comorbid diabetes increased from 34.6% in 2000 
to 46.1% in 2016.41 In light of these facts, the spill over effect 
of a single P4P intervention or the synergistic effect of more 
than one P4P intervention make an important contribution in 
the management of chronic disease. 

Barriers associated with P4P participation included the 
amount of the incentives, the recipient of the incentives, 
and perceived risk of not receiving the rewards.42,43 Further 
research is warrant to explore causes of not participating in the 
early-CKD P4P program from the perspectives of healthcare 
providers, administrators and patients. 

This study was prone to several limitations that merit 
considerations when interpreting the study results. Although 
the CGRD included early-CKD patients from broad 
geographic areas of Taiwan, there were numerous challenges 
when applying real-world data derived from routine care 
settings. First, it was possible that patients participated in 
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the P4P program for early-CKD or diabetes outside of the 
study setting. The point estimate of the treatment effect 
could be biased by exposure misclassification. Nevertheless, 
as the NHIA conducts continuous monitoring of the P4P 
programs on a monthly basis to prevent duplicated payments, 
it is unlikely that a patient persistently joined a specific P4P 
program in different hospitals. Missing data or lack of care 
continuity within the same medical intuition could lead to 
underestimated event rate, especially in the usual care group. 

Second, the impact of acute kidney injury (AKI) on early-
CKD P4P was not specified in the analyses. For some patients 
who suffered from an acute decline in renal function, the 
measure of quarter mean of eGFR was unable to determine 
renal function at acute or recovery phases from AKI. It 
is important to note that dialysis – or hospitalization – 
requiring AKI is associated with long-term CKD progression 
and warrants future research.44 Third, administrator- and 
physician-related factors might have contributed to a selection 
bias that was not controlled by matching,45 and residual 
confounding may have existed as factors such as patient 
loyalty and different practices among different specialties of 
physicians were not measured. Lastly, the sustainability of 
the P4P program, treatment protocols, and clinical practices 
in the study setting might not be generalizable to other 
healthcare institutions.

Conclusion
In conclusion, the early-CKD P4P program in Taiwan showed 
long-term clinical benefits in patients with early-stage CKD. 
The empirical findings demonstrated reduced and delayed 
disease progression among P4P program enrolees, suggesting 
that P4P is an applicable strategy for more active early-stage 
CKD disease management. Future studies are warranted to 
take healthcare costs into account and to analyse the cost-
effectiveness of the program from both the societal and 
healthcare system perspectives.

Acknowledgements
The authors thank Mrs. Chun-Hua Liao and Ying-Jen 
Hsu from the Department of Management of Information 
Systems, Chang Gung Memorial Foundation, for their 
technical assistance with the retrieval of the raw data from the 
electronic health records. The authors are grateful to Ying-
Chun Liao, RN in the Division of Nephrology, Kaohsiung 
Chang Gung Memorial Hospital for intellectual discussions 
that assisted the methods employed in the study.

Ethical issues 
The study proposal was approved by the Institutional Review Board (IRB) of 
the Chang Gung Medical Foundation (CGMF) in Taipei, Taiwan (permit number: 
201800315B0C502). Individual patient consent was waived as the CGRD is 
an anonymized generic electronic research database. The study conduct was 
compliant with the guidelines and regulations of the IRB of the CGMF.

Competing interests 
Authors declare that they have no competing interests. 

Authors’ contributions 
Conception and design: MTL, CNH, and SHC; Acquisition of data and analysis: 
CNH and MTL; Interpretation of data: All authors; Manuscript writing and critical 
revisions for important intellectual content: All authors; Approval for the final 

version to be submitted and any revised versions: All authors.

Funding
This work was supported by Kaohsiung Chang Gung Memorial Hospital 
(CMRPG8H0961). The funder had no role in the study design, data collection 
and analysis, decision to publish, or preparation of the manuscript.

Authors’ affiliations
1Institute of Health Policy and Management, College of Public Health, National 
Taiwan University, Taipei, Taiwan. 2Department of Pharmacy, Kaohsiung Chang 
Gung Memorial Hospital, Kaohsiung, Taiwan. 3School of Pharmacy, Kaohsiung 
Medical University, Kaohsiung, Taiwan. 4Division of Nephrology, Department 
of Medicine, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung, Taiwan. 
5College of Medicine, Chang Gung University, Taoyuan, Taiwan. 6Population 
Health Research Center, National Taiwan University, Taipei, Taiwan.

Supplementary files
Supplementary file 1 contains Tables S1-S3 and Figures S1-S2.

References
1. El Nahas AM, Bello AK. Chronic kidney disease: the global challenge. 

Lancet. 2005;365(9456):331-340. doi:10.1016/s0140-6736(05)17789-7 
2. Levey AS, Atkins R, Coresh J, et al. Chronic kidney disease as a 

global public health problem: approaches and initiatives - a position 
statement from Kidney Disease Improving Global Outcomes. Kidney Int. 
2007;72(3):247-259. doi:10.1038/sj.ki.5002343

3. United States Renal Data System. 2018 USRDS Annual Data Report: 
Epidemiology of Kidney Disease in the United States. Bethesda, MD: 
National Institutes of Health, National Institute of Diabetes and Digestive 
and Kidney Diseases; 2018.

4. Lysaght MJ. Maintenance dialysis population dynamics: current trends 
and long-term implications. J Am Soc Nephrol. 2002;13 Suppl 1:S37-40. 

5. Liyanage T, Ninomiya T, Jha V, et al. Worldwide access to treatment for end-
stage kidney disease: a systematic review. Lancet. 2015;385(9981):1975-
1982.   doi:10.1016/s0140-6736(14)61601-9

6. Webster AC, Nagler EV, Morton RL, Masson P. Chronic kidney disease. 
Lancet. 2017;389(10075):1238-1252. doi:10.1016/s0140-6736(16)32064-
5

7. World Health Organization (WHO). Projections of Mortality and Causes 
of Death, 2015 and 2030. http://www.who.int/healthinfo/global_burden_
disease/projections/en/.  Accessed December 3, 2017.

8. Nicholson T, Roderick P. International study of health care organization 
and financing of renal services in England and Wales. Int J Health Care 
Finance Econ. 2007;7(4):283-299. doi:10.1007/s10754-007-9015-x

9. Reutens AT, Atkins RC. Chronic kidney disease (CKD): the scope of the 
global problem. In: El Nahas AM, Levin A, eds. Chronic Kidney Disease: 
A Practical Guide to Understanding and Management. Oxford: Oxford 
University Press; 2009:39-76.

10. Wen CP, Cheng TY, Tsai MK, et al. All-cause mortality attributable to 
chronic kidney disease: a prospective cohort study based on 462 293 
adults in Taiwan. Lancet. 2008;371(9631):2173-2182. doi:10.1016/s0140-
6736(08)60952-6

11. Hwang SJ, Tsai JC, Chen HC. Epidemiology, impact and preventive care 
of chronic kidney disease in Taiwan. Nephrology (Carlton). 2010;15 Suppl 
2:3-9. doi:10.1111/j.1440-1797.2010.01304.x

12. National Health Insurance Statistical Annual Report 2018. Taiwan: 
National Health Insurance Administration, Ministry of Health and Welfare; 
2019.

13. Chen YR, Yang Y, Wang SC, et al. Effectiveness of multidisciplinary care 
for chronic kidney disease in Taiwan: a 3-year prospective cohort study. 
Nephrol Dial Transplant. 2013;28(3):671-682. doi:10.1093/ndt/gfs469

14. Lin CM, Yang MC, Hwang SJ, Sung JM. Progression of stages 3b-5 
chronic kidney disease--preliminary results of Taiwan national pre-ESRD 
disease management program in Southern Taiwan. J Formos Med Assoc. 
2013;112(12):773-782. doi:10.1016/j.jfma.2013.10.021

15. Hsieh HM, Lin MY, Chiu YW, et al. Economic evaluation of a pre-ESRD 
pay-for-performance programme in advanced chronic kidney disease 
patients. Nephrol Dial Transplant. 2017;32(7):1184-1194. doi:10.1093/
ndt/gfw372

16. Chen PM, Lai TS, Chen PY, et al. Multidisciplinary care program for 
advanced chronic kidney disease: reduces renal replacement and medical 
costs. Am J Med. 2015;128(1):68-76. doi:10.1016/j.amjmed.2014.07.042

https://www.ijhpm.com/jufile?ar_sfile=50085
https://doi.org/10.1016/s0140-6736(05)17789-7
https://doi.org/10.1038/sj.ki.5002343
https://doi.org/10.1016/s0140-6736(14)61601-9
https://doi.org/10.1016/s0140-6736(16)32064-5
https://doi.org/10.1016/s0140-6736(16)32064-5
http://www.who.int/healthinfo/global_burden_disease/projections/en/
http://www.who.int/healthinfo/global_burden_disease/projections/en/
https://doi.org/10.1007/s10754-007-9015-x
https://doi.org/10.1016/s0140-6736(08)60952-6
https://doi.org/10.1016/s0140-6736(08)60952-6
https://doi.org/10.1111/j.1440-1797.2010.01304.x
https://doi.org/10.1093/ndt/gfs469
https://doi.org/10.1016/j.jfma.2013.10.021
https://doi.org/10.1093/ndt/gfw372
https://doi.org/10.1093/ndt/gfw372
https://doi.org/10.1016/j.amjmed.2014.07.042


Lin et al

International Journal of Health Policy and Management, 2022, 11(8), 1307–1315 1315

17. KDIGO Guidelines. https://kdigo.org/guidelines/. AccessedMay 1, 2020.
18. Fraser SD, Blakeman T. Chronic kidney disease: identification and 

management in primary care. Pragmat Obs Res. 2016;7:21-32. 
doi:10.2147/por.s97310

19. Shao SC, Chan YY, Kao Yang YH, et al. The Chang Gung Research 
Database-a multi-institutional electronic medical records database for 
real-world epidemiological studies in Taiwan. Pharmacoepidemiol Drug 
Saf. 2019;28(5):593-600. doi:10.1002/pds.4713

20. 2018 Annual Report of Health Services Claims, by Health Care 
Organizations: National Health Insurance Administration, Ministry of 
Health and Welfare, Taiwan.

21. Chen YC, Weng SF, Hsu YJ, Wei CJ, Chiu CH. Continuity of care: 
evaluating a multidisciplinary care model for people with early CKD via 
a nationwide population-based longitudinal study. BMJ Open. 2020; 
10(12):e041149. doi:10.1136/bmjopen-2020-041149

22. Inker LA, Astor BC, Fox CH, et al. KDOQI US commentary on the 2012 
KDIGO clinical practice guideline for the evaluation and management 
of CKD. Am J Kidney Dis. 2014;63(5):713-735. doi:10.1053/j.
ajkd.2014.01.416

23. Levey AS, Coresh J, Greene T, et al. Using standardized serum creatinine 
values in the modification of diet in renal disease study equation for 
estimating glomerular filtration rate. Ann Intern Med. 2006;145(4):247-
254. doi:10.7326/0003-4819-145-4-200608150-00004

24. Levey AS, Coresh J, Greene T, et al. Expressing the Modification of Diet in 
Renal Disease Study equation for estimating glomerular filtration rate with 
standardized serum creatinine values. Clin Chem. 2007;53(4):766-772. 
doi:10.1373/clinchem.2006.077180

25. Stevens LA, Manzi J, Levey AS, et al. Impact of creatinine calibration 
on performance of GFR estimating equations in a pooled individual 
patient database. Am J Kidney Dis. 2007;50(1):21-35. doi:10.1053/j.
ajkd.2007.04.004

26. Wu HY, Fukuma S, Shimizu S, et al. Effects of higher quality of care on 
initiation of long-term dialysis in patients with CKD and diabetes. Am J 
Kidney Dis. 2017;70(5):666-674. doi:10.1053/j.ajkd.2017.05.020

27. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for 
use with ICD-9-CM administrative databases. J Clin Epidemiol. 1992; 
45(6):613-619. doi:10.1016/0895-4356(92)90133-8

28. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: development 
and validation. J Chronic Dis. 1987;40(5):373-383. doi:10.1016/0021-
9681(87)90171-8

29. Fukuma S, Shimizu S, Niihata K, et al. Development of quality indicators 
for care of chronic kidney disease in the primary care setting using 
electronic health data: a RAND-modified Delphi method. Clin Exp 
Nephrol. 2017;21(2):247-256. doi:10.1007/s10157-016-1274-8

30. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, 
classification, and stratification. Am J Kidney Dis. 2002;39(2 Suppl 1):S1-
266. 

31. Tsai WC, Wu HY, Peng YS, et al. Risk factors for development and 
progression of chronic kidney disease: a systematic review and 

exploratory meta-analysis. Medicine (Baltimore). 2016;95(11):e3013. 
doi:10.1097/md.0000000000003013

32. Yang JY, Huang JW, Chen L, et al. Frequency of early predialysis 
nephrology care and postdialysis cardiovascular events. Am J Kidney 
Dis. 2017;70(2):164-172. doi:10.1053/j.ajkd.2016.12.018

33. Bello AK, Levin A, Manns BJ, et al. Effective CKD care in European 
countries: challenges and opportunities for health policy. Am J Kidney Dis. 
2015;65(1):15-25. doi:10.1053/j.ajkd.2014.07.033

34. Karunaratne K, Stevens P, Irving J, et al. The impact of pay for performance 
on the control of blood pressure in people with chronic kidney disease 
stage 3-5. Nephrol Dial Transplant. 2013;28(8):2107-2116. doi:10.1093/
ndt/gft093

35. Hsieh HM, Tsai SL, Shin SJ, Mau LW, Chiu HC. Cost-effectiveness of 
diabetes pay-for-performance incentive designs. Med Care. 2015; 
53(2):106-115. doi:10.1097/mlr.0000000000000264

36. Hsieh HM, Shin SJ, Tsai SL, Chiu HC. Effectiveness of pay-for-performance 
incentive designs on diabetes care. Med Care. 2016;54(12):1063-1069. 
doi:10.1097/mlr.0000000000000609

37. Yen SM, Kung PT, Sheen YJ, Chiu LT, Xu XC, Tsai WC. Factors related to 
continuing care and interruption of P4P program participation in patients 
with diabetes. Am J Manag Care. 2016;22(1):e18-30. 

38. Campbell SM, Reeves D, Kontopantelis E, Sibbald B, Roland M. Effects 
of pay for performance on the quality of primary care in England. N Engl J 
Med. 2009;361(4):368-378. doi:10.1056/NEJMsa0807651

39. Liao PJ, Lin TY, Wang TC, et al. Long-term and interactive effects of 
pay-for-performance interventions among diabetic nephropathy patients 
at the early chronic kidney disease stage. Medicine (Baltimore). 2016; 
95(14):e3282. doi:10.1097/md.0000000000003282

40. Yang WC, Hwang SJ. Incidence, prevalence and mortality trends of 
dialysis end-stage renal disease in Taiwan from 1990 to 2001: the impact 
of national health insurance. Nephrol Dial Transplant. 2008;23(12):3977-
3982. doi:10.1093/ndt/gfn406

41. 2018 Annual Report on Kidney Disease in Taiwan. National Health 
Research Institutes and Taiwan Society of Nephrology; 2019.

42. Ogundeji YK, Bland JM, Sheldon TA. The effectiveness of payment for 
performance in health care: a meta-analysis and exploration of variation 
in outcomes. Health Policy. 2016;120(10):1141-1150. doi:10.1016/j.
healthpol.2016.09.002

43. Martin B, Jones J, Miller M, Johnson-Koenke R. Health care professionals’ 
perceptions of pay-for-performance in practice: a qualitative metasynthesis. 
Inquiry. 2020;57:46958020917491. doi:10.1177/0046958020917491

44. Sawhney S, Marks A, Fluck N, Levin A, Prescott G, Black C. Intermediate 
and long-term outcomes of survivors of acute kidney injury episodes: a 
large population-based cohort study. Am J Kidney Dis. 2017;69(1):18-28. 
doi:10.1053/j.ajkd.2016.05.018

45. Mendelson A, Kondo K, Damberg C, et al. The effects of pay-for-
performance programs on health, health care use, and processes of care: 
a systematic review. Ann Intern Med. 2017;166(5):341-353. doi:10.7326/
m16-1881

https://kdigo.org/guidelines/
https://doi.org/10.2147/por.s97310
https://doi.org/10.1002/pds.4713
https://doi.org/10.1136/bmjopen-2020-041149
https://doi.org/10.1053/j.ajkd.2014.01.416
https://doi.org/10.1053/j.ajkd.2014.01.416
https://doi.org/10.7326/0003-4819-145-4-200608150-00004
https://doi.org/10.1373/clinchem.2006.077180
https://doi.org/10.1053/j.ajkd.2007.04.004
https://doi.org/10.1053/j.ajkd.2007.04.004
https://doi.org/10.1053/j.ajkd.2017.05.020
https://doi.org/10.1016/0895-4356(92)90133-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1007/s10157-016-1274-8
https://doi.org/10.1097/md.0000000000003013
https://doi.org/10.1053/j.ajkd.2016.12.018
https://doi.org/10.1053/j.ajkd.2014.07.033
https://doi.org/10.1093/ndt/gft093
https://doi.org/10.1093/ndt/gft093
https://doi.org/10.1097/mlr.0000000000000264
https://doi.org/10.1097/mlr.0000000000000609
https://doi.org/10.1056/NEJMsa0807651
https://doi.org/10.1097/md.0000000000003282
https://doi.org/10.1093/ndt/gfn406
https://doi.org/10.1016/j.healthpol.2016.09.002
https://doi.org/10.1016/j.healthpol.2016.09.002
https://doi.org/10.1177/0046958020917491
https://doi.org/10.1053/j.ajkd.2016.05.018
https://doi.org/10.7326/m16-1881
https://doi.org/10.7326/m16-1881

