
icine®

ONAL STUDY
Med
OBSERVATI
Long-Term and Interactive Effects of Pay-For-Performance
Interventions among Diabetic Nephropathy Patients

at the Early Chronic Kidney Disease Stage
-Ching Wang, MBA, M , MD,
ng
Pei-Ju Liao, PhD, Tzu-Yu Lin, PhD, Tzu
I-Wen Wu, MD, Hsin-Tsung Hua
A,

A dose–response relationship between the intervention groups and

all-cause mortality was observed as follows: comparing to both diabetes

and early CKD P4P interventions (reference), hazard ratio (HR) was

with diabetes and CKD
compared to the patie
sequently, preventing d

Editor: Pavlos Malindretos.
Received: December 25, 2015; revised: March 9, 2016; accepted: March
11, 2016.
From the Department of Health Care Administration, Oriental Institute of
Technology, New Taipei City (P-JL); Healthy Aging Research Center,
Chang Gung University, Taoyuan (T-YL, K-HH); National Health
Insurance Administration, Ministry of Health and Welfare, Taipei
(T-CW, H-TH, F-CW); Department of Medicine, College of Medicine,
Chang Gung University, Taoyuan (I-WW); Division of Endocrinology and
Metabolism (M-KT); Division of Nephrology, Department of Internal
Medicine, Chang Gung Memorial Hospital, Keelung (I-WW); Division of
Nephrology, Department of Medicine, Taiwan Landseed Hospital (H-CC);
and Department of Health Care Management, Chang Gung University,
Taoyuan, Taiwan (H-CC, K-HH).
Correspondence: Kuang-Hung Hsu, Huan-Cheng Chang, Laboratory for

Epidemiology, Department of Health Care Management, Chang Gung
University, No. 259, Wen-Hwa 1st Road, Kwei-Shan, Taoyuan
333,Taiwan
(e-mail: khsu@mail.cgu.edu.tw, changhc@landseed.com.tw).

P-JL, T-YL, and T-CW contributed equally to this paper.
This study was partly supported by grants NSC102–2410-H-182–010-MY2,

NSC103–2410-H-161–001, EMRPD 1D0911, EMRPD 1E1691, EMRPD
1F0301, CMRPD390041, CMRPD390042, and CMRPD390043.

The authors have no conflicts of interest to disclose.
Supplemental Digital Content is available for this article.
Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution-NonCommercial-NoDerivatives License 4.0, where it is
permissible to download, share and reproduce the work in any medium,
provided it is properly cited. The work cannot be changed in any way or
used commercially.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000003282

Medicine � Volume 95, Number 14, April 2016
ing-Kuo Ting
Wang, PhD,
Huan-Cheng Chang, MD, MB

Abstract: Chronic kidney disease (CKD) is a major health problem

worldwide because of the aging population and lifestyle changes. One of

the important etiologies of CKD is diabetes mellitus (DM). The long-

term effects of pay-for-performance (P4P) on disease progression have

not been thoroughly examined.

This study is a retrospective population-based patient cohort design

to examine the continuous effects of diabetes and CKD P4P interven-

tions. This study used the health insurance claims database to conduct a

longitudinal analysis. A total of 32,084 early CKD patients with diabetes

were extracted from the outpatient claims database from January 2011

to December 2012, and the follow-up period was extended to August

2014. A 4-group matching design, including both diabetes and early

CKD P4P interventions, with only diabetes P4P intervention, with only

early CKD P4P intervention, and without any P4P interventions, was

performed according to their descending intensity. The primary out-

come of this study was all-cause mortality and the causes of death. The

statistical methods included a Chi-squared test, ANOVA, and multi-

variable Cox regression models.
, PhD, Fu-Chung
and Kuang-Hung Hsu, PhD

1.22 (95% confidence interval [CI], 1.00–1.50) for patients with only a

diabetes P4P intervention; HR was 2.00 (95% CI, 1.66–2.42) for

patients with only an early CKD P4P intervention; and HR was 2.42

(95% CI, 2.02–2.91) for patients without any P4P interventions. The

leading cause of death of the total diabetic nephropathy patient cohort

was infectious diseases (34.32%) followed by cardiovascular diseases

(17.12%), acute renal failure (1.50%), and malignant neoplasm of liver

(1.40%).

Because the earlier interventions have lasting long-term effects on the

patient’s prognosis regardless of disease course, an integrated early

intervention plan is suggested in future care plan designs. The mechanisms

regarding the effects of P4P intervention, such as health education on diet

control, continuity of care, and practice guidelines and adherence, are the

primary components of disease management programs.

(Medicine 95(14):e3282)

Abbreviations: BP = blood pressure, CCI = Charlson comorbidity

index, CKD = chronic kidney disease, DM = diabetes mellitus,

eGFR = estimated glomerular filtration rate, ESRD = end-stage

renal disease, NHI = National Health Insurance, P4P = pay-for-

performance.

INTRODUCTION

C hronic kidney disease (CKD) is an important health issues
in the 21st century. The incidence and prevalence of CKD

are increasing with the growing aging populations and lifestyle
alterations. One of the primary etiologies proceeding to CKD is
diabetes mellitus (DM). According to the statistics of WHO,
CKD and diabetes were ranked in the top 10 causes of death in
recent years.1 Both diseases impose considerable negative
impacts on human health and economic burdens. Therefore,
preventive medicine and disease management programs play
key roles in the current health care services. A close inter-
relationship was found between diabetes and CKD. The natural
disease course of diabetes has shown that the development of
CKD is a major pathway for diabetes.2 The increasing trend of
diabetic nephropathy was acknowledged as the primary cause
for the increased incidence and prevalence of end-stage renal
disease (ESRD) in Taiwan.3 Approximately 33% of the diabetic
patients developed CKD in an average of 7 to 10 years.4,5

Another report documented that approximately 44% of the
patients with CKD have diabetes as one of their underlying
diseases.1 According to the statistics of US Renal Data System,
approximately 45% to 50% of new ESRD cases resulted from
diabetes.6 Furthermore, a study has demonstrated that patients
have a high 10-year mortality (31.1%)
nts with diabetes alone (11.5%). Con-
isease complications is the primary goal
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of a health care system. Currently, many countries implemented
pay for performance (P4P) systems for the care of selective
diseases. The purpose of P4P mechanism for improving quality
of care is to motivate healthcare providers to achieve a pre-
determined, benchmarked level of care quality or performance
indicator with financial incentives.

Recent studies have assessed the effects of P4P programs on
diabetes care from 2 perspectives in terms of practice behaviors and
patient outcomes.7–10 The majority of studies reported positive
effects of P4P interventions, including glucose control,11–14 blood
pressure (BP) control,12,15,16 prevention of chronic diabetic com-
plications,11,13–15 and prescription changes.16 The intervention of
CKD by P4P was found in many countries, including the United
Kingdom, Japan, the United States, Australia, and Taiwan.17–21

Similar to the P4P in diabetes care, the majority of the reports in the
literature have demonstrated practice behavioral changes. Few
studies have examined the outcome measures, such as the incidence
of complications, disease progression, and mortality,22 infrequently
mentioned the long-term integrated effects of P4P interventions
from diabetes to CKD.

The National Health Insurance (NHI) in Taiwan imple-
mented serial P4P programs for diabetes care in 2001 and early
CKD in 2010. The P4P programs in Taiwan provide financial
incentives to healthcare providers with the goal of enhancing
the medical management of patients and improving the quality
of care. For more than a decade of implementation, examining

Liao et al
the long-term integrated effects of diabetes and early CKD P4P

Version 9.2, SAS Institute Inc., SAS Campus Drive, Cary, NC)
programs with this nationwide population-based observational
study has proven to be invaluable.

METHODS
This study uses the health insurance claims database to

conduct a longitudinal analysis on the effects of both diabetes and
early CKD P4P programs. The Taiwan NHI implemented in 1995
covers more than 99% of the population. The P4P programs of
diabetes care and early CKD care were implemented in Taiwan in
2001 and 2010, respectively. There are explicit and rigorous
criteria for providers to recruit patients into P4P program in
Taiwan (Appendix 1, http://links.lww.com/MD/A869). The test
results of estimated glomerular filtration rate (eGFR) and urine
albuminuria and creatinine ratio (UACR or urine protein and
creatinine ratio [UPCR]) of each enrolled patient were examined
and recorded to ensure the appropriateness and fairness of
program execution. The data consisted of ambulatory care
records, inpatient care records, and administrative registration
files. In addition, the qualified physicians should receive at least
additional 6-hour CKD care training and be awarded previously at
least one of the specialties including renal, cardiology, metab-
olism, internal medicine, surgeon, gynecology/obstetrics,
pediatrics, and family medicine. The program required phys-
icians to report eGFR and UACR (or UPCR) of each P4P enrolled
patient every 6 months. Additionally, the physicians are required
to provide annual evaluations for the enrolled patients, including a
management plan (such as goals, treatment, and monitoring
instructions), medical history, examinations, and biochemical
tests (including urine protein, urine creatinine, serum creatinine,
LDL, and HbA1c). The P4P program is to reward additional
health care fees of each recruited patient to the physician but not
depending on the patient’s renal progression.

The data from a total of 63,923 early CKD patients

previously diagnosed with diabetes were extracted from the
outpatient claims database from January 2011 to December 2012,
and the follow-up study period was extended to August 31, 2014.
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The inclusion criteria for the study samples were those who were
previously diagnosed as having diabetes at least 1 year before
CKD and who were classified as ICD-9-CM codes 250.40,
250.42, or 250.xx with 581.9. The study included outpatients
who were with at least 4 outpatient visits or more than 1 year of
medical records, but excluded the subjects who developed late
CKD, ESRD, or death within 30 days of CKD diagnosis or with
missing information on the study variables. To improve the
comparability among study groups, a propensity score matching
by sex, age, DM vintage, Charlson comorbidity index (CCI)
score, and baseline CKD stagewas made and came out with a total
of 32,084 study subjects including 8021 subjects in each
participation group. This study was approved by the Internal
Review Board of the research ethic committee (#103-6411B).

A 4-group design, with both diabetes and early CKD P4P
interventions, with only a diabetes P4P intervention, with only
an early CKD P4P intervention, and without any P4P interven-
tions, was performed with their intensity as the independent
variable. The primary outcome of this study was all-cause
mortality during the follow-up years. In addition, the primary
cause of death was extracted from the medical records of the
NHI claim database.

The confounding factors included certain characteristics of
patients (sex, age, CCI, years of DM vintage, and CKD stage) and
providers (hospital accreditation level, location, physician’s age,
physician’s sex, and years of physician specialty license
awarded), and the eGFR at the baseline. The patients’ ages in
years were categorized as �50, 50.1 to 60, 60.1 to 70, and >70.
The CCI23 was applied in this study and was categorized as�1, 2,
3, and�4. The patient’s DM vintage was categorized as median
low (<8.64 years) or median high (�8.64 years). The hospital
accreditation levels were categorized into medical centers,
regional hospitals, district hospitals, and primary care clinics.
The physicians’ ages were categorized as �40 years, 40.1 to 50
years, and >50 years. The location of study hospitals included
Taipei, northern Taiwan, central Taiwan, southern Taiwan, Kao-
Ping, and eastern regions. The years of physician specialty license
awarded were categorized as �10, 10.1 to 15, and >15.

The categorical variables were expressed as the frequency
and percentage, whereas the numerical variables were displayed
as the mean and standard deviation values. A Chi-squared test
was conducted to examine the differences of the categorical
variables among the study groups. ANOVA was used to differ-
entiate the average of the numerical variables among the study
groups. This study used multivariable Cox regression models to
examine the association between the hazard of deaths from all
causes/the primary causes of death and the study groups,
including nonparticipation, CKD-P4P participation, DM-P4P
participation, and CKD-DM-P4Ps participation. To ensure the
sufficiency of sample size in analyzing each cause of death, the
analysis of leading causes of death used total DM nephropathy
patient cohort dataset. The model selection strategy of multi-
variable Cox regression analysis was based on the significance
(P< 0.05) of univariate analyses. A 2-sided P< 0.05 was
considered to be statistically significant in this study. The
analysis was performed using SAS (SAS system for Windows,
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and SPSS 17.0 (SPSS Inc. Released 2008, SPSS Statistics for
Windows, Version 17.0. SPSS Inc., Chicago, IL).
RESULTS
The characteristics of the study subjects and providers

among the study groups, including nonparticipation, CKD-P4P
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were all found to be descending according to nonparticipation,

participation, DM-P4P participation, and both CKD and DM
P4Ps participation, are described in Table 1. Overall, the male
patients consisted of 49.93% of the 32,084 study subjects. The
average age of all of the subjects was 62.69 years, with a range
from 11 to 97 years. The median years of DM vintage was found
to be 8.64, ranging from 1 to 13 years. Approximately 48.10%
of the study subjects had a score of �2 in the CCI, whereas
approximately 51.90% of the subjects had a CCI score greater
than or equal to 4. The majority (34.58%; range, 31.34%–
36.94% among the 4 study groups) of the patients sought
medical assistance in primary care clinics. A higher percentage
(36.52%) of the study patients was located in Taipei or in the
northern regions. The majority of patients sought medical
assistance in the primary care facility (34.58%) and with
physicians who were male (84.74%), aged 40.1 to 50 years
(42.17%), and were awarded specialty license for more than 15
years (58.78%). The average eGFR of the study subjects were
81.47� 30.28 at the baseline and showed no statistical signifi-
cance among the study groups, including nonparticipation
(81.23� 33.90), CKD-P4P participation (81.24� 29.52),
DM-P4P participation (81.59� 29.40), and both CKD and
DM P4Ps participation (81.83� 28.00) (P¼ 0.5280). The over-
all progression rate to late CKD or ESRD was 8.38%. The
overall all-cause mortality was 3.37% during follow-up period
and in a decreasing order of nonparticipants (4.85%), CKD-P4P
participants (3.85%), DM-P4P participants (2.62%), and both
DM and CKD participants (2.17%) (Table 1).

A dose–response relationship was found between the P4P
participation group and all-cause mortality in patients with only
DM-P4P participation, with only CKD-P4P participation, and
neither DM nor CKD P4P participation having multivariate-
adjusted hazard ratios (HRs) of 1.22 (95% confidence interval
[CI], 1.00–1.50), 2.00 (95% CI, 1.66–2.42), and 2.42 (95% CI,
2.02–2.91) in dying from any cause, respectively. Additionally,
the patients with the characteristics of male (HR, 1.71; 95% CI,
1.51–1.93), old age (HR of age>70 years, 4.93; 95% CI, 3.71–
6.54), higher CCI (HR of CCI �4¼ 2.54; 95% CI, 2.11–3.06),
longer DM vintage (HR of median high, 1.27; 95% CI, 1.12–
1.45), medical assistance in a regional hospital (HR, 1.21; 95%
CI, 1.01–1.45), and center region (HR, 1.37; 95% CI, 1.12–
1.68) were at a higher risk of mortality using the multiple Cox
regression model (Table 2).

We performed additional stratified analyses using patient
factors, including sex, age group, CCI, years of DM vintage, and
CKD stage at the baseline to examine the reliability of the
associations between the participation group and the patients’
prognoses. The results demonstrated the lowest likelihood of
all-cause mortality of both DM-CKD P4P participants among
the 4 participation groups. The analyses of all-cause mortality
showed an increasing trend among the patients with both P4Ps
participation, DM P4P alone participation, CKD P4P alone
participation, and nonparticipation in high risk strata, including
male, high age, high CCI, high DM vintage, and high CKD
stages (Figure 1).

We have further investigated the primary cause of death
among the total diabetic nephropathy patients. The leading
cause of death was infectious diseases (34.32%) followed by
cardiovascular diseases (17.12%), acute renal failure (1.50%),
and malignant neoplasm of liver (1.40%). The proportion of
deaths due to infectious diseases was increased by decreasing
intervention strength: both DM and CKD P4P (28.21%), CKD

Medicine � Volume 95, Number 14, April 2016
P4P only (30.92%), DM P4P only (34.57%), and none participa-
tion (35.95%). Moreover, the hazard ratios of deaths due to
infectious diseases, cardiovascular diseases, acute renal

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
diseases, and malignant neoplasm of liver among study groups

P4P Effects on Diabetic Nephropathy Patients
CKD P4P only, and DM P4P only/both DM and CKD P4P
(Table 3).

DISCUSSION
The aim of the present study was to examine the outcomes

of diabetic patients, and later developed nephropathy, in parti-
cipating P4P programs, including DM-P4P and early CKD-P4P,
in a national compulsory health insurance system. This popu-
lation-based cohort study followed 32,084 diabetic nephropathy
patients at an early CKD stage and found a significantly better
prognosis in all-cause mortality among matched participants in
both P4P programs. This finding is consistent with studies that
demonstrated a significantly lower risk of overall mortality in
patients with diabetes or CKD who enrolled in a pro-
gram.8,9,17,18 Although the effectiveness of a P4P intervention
program was demonstrated by significant improvements on
outcome measures (e.g., BP, HbA1C, LDL, creatinine, and
eGFR) in previous studies,15 mixed findings were found due
to a smaller sample size, data from different health care
environments, short follow-up periods, and selection bias.
The present study adds to the current knowledge using a design
characterized by a nationwide; high coverage health insurance
system; sufficient length of follow-up, starting from diabetes to
early CKD; comprehensive data sources; and examinations of
both P4P interventions using a dose–response approach.

The study has found that participants in both DM and early
CKD P4P interventions had the lowest all-cause mortality. A
dose–response relationship was found in the outcomes while
considering the P4P intervention duration and combination as
dose intensity according to both DM and CKD P4P, DM P4P
only, CKD P4P only, and none. This study has shown a
synergistic effect of both CKD and DM P4P interventions on
the patients’ outcomes and demonstrated that an effect existed
regardless of the length of early CKD intervention. Finding the
lower risk of disease progression by early CKD P4P interven-
tion and by previous DM P4P intervention is novel and con-
sistent with previous studies that reported a higher likelihood of
preventing adverse outcomes for patients enrolled in P4P
programs than for patients who were not enrolled in a pro-
gram.24,25

Previous articles have reported the underlying mechan-
isms – namely, health education, patient’s medical seeking
consistency, integrated information by continuity of care, and
better physician-patient relationship – of such interventions to
be effective.26–29 One of the prominent reasons for these
underlying mechanisms is that physicians are willing to invest
more time and effort to strive for predetermined benchmarks of
quality care through financial incentives. A previous study has
proposed that the effectiveness of P4P could be the consequence
of a physician’s adverse selection of patients.24 The present
study has performed propensity score matching by sex, age, DM
vintage, CCI, and CKD stage at the baseline, and adjusted the
results by provider’s factors to ensure the validity of the study.
In addition to the multivariable adjustments, the stratified
analysis has found that the strength of association between
the study group and the outcome was reliable particularly on
strata with high risk characteristics, including males, high age,
high CKD stage, high disease comorbidities, and long-term DM

disease course. Therefore, it is unlikely to have a significant
effect due to different patient characteristics and selection bias
on the results of this study.
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TABLE 2. Factors Associated With All-Cause Mortality Among Early CKD Patients

Follow-Up
Time Deaths

Incidence
Density

Univariate
Hazard Ratio

Multivariate-Adjusted
Hazard Ratio

Person-Years n 1/year Hazard Ratio 95%CI Hazard Ratio 95%CI

Group
Nonparticipants 22,437 389 0.02 2.22

�
(1.86, 2.66) 2.42

�
(2.02, 2.91)

CKD-P4P only 22,185 309 0.01 1.79
�

(1.48, 2.15) 2.00
�

(1.66, 2.42)
DM-P4P only 22,725 210 0.01 1.18 (0.97, 1.45) 1.22 (1.00, 1.50)
Both DM and CKD 22,325 174 0.01 1.00 1.00

Patient’s sex
Male 44,644 639 0.01 1.46

�
(1.29, 1.64) 1.71

�
(1.51, 1.93)

Female 45,029 443 0.01 1.00 1.00
Patient’s age, years
�50 13,201 60 0.00 1.00 1.00
50.1–60 25,422 139 0.01 1.20 (0.89, 1.63) 1.13 (0.84, 1.54)
60.1–70 27,404 223 0.01 1.79

�
(1.35, 2.38) 1.55

�
(1.15, 2.08)

>70 23,646 660 0.03 6.16
�

(4.73, 8.03) 4.93
�

(3.71, 6.54)
Charlson comorbidity index
�1 26,137 150 0.01 1.00 1.00
2 17,291 147 0.01 1.48

�
(1.18, 1.86) 1.24 (0.98, 1.55)

3 21,197 225 0.01 1.85
�

(1.51, 2.28) 1.50
�

(1.22, 1.85)
�4 25,048 560 0.02 3.91

�
(3.26, 4.68) 2.54

�
(2.11, 3.06)

DM vintage, years
Median low (<8.64) 45,926 398 0.01 1.00 1.00
Median high (�8.64) 43,747 684 0.02 1.81

�
(1.60, 2.05) 1.27

�
(1.12, 1.45)

CKD stage at the baseline
1 25,770 205 0.01 1.00 1.00
2 45,003 561 0.01 1.57

�
(1.33, 1.84) 0.93 (0.78, 1.10)

3a 18,901 316 0.02 2.10
�

(1.76, 2.50) 0.95 (0.78, 1.14)
Hospital accreditation level

Primary care settings 16,541 211 0.01 1.00 1.00
Medical centers 24,455 334 0.01 1.08 (0.91, 1.28) 1.11 (0.93, 1.32)
Regional hospitals 16,982 269 0.02 1.24

�
(1.03, 1.48) 1.21

�
(1.01, 1.45)

District hospitals 31,695 268 0.01 0.66
�

(0.55, 0.79) 0.80
�

(0.67, 0.97)
Location

Taipei 23,106 248 0.01 0.90 (0.73, 1.11) 1.04 (0.84, 1.28)
North 9897 130 0.01 1.11 (0.87, 1.40) 1.07 (0.84, 1.37)
Center 22,856 342 0.01 1.27

�
(1.04, 1.54) 1.37

�
(1.12, 1.68)

South 11,671 139 0.01 1.00 1.00
Kao-Ping 20,008 204 0.01 0.85 (0.69, 1.06) 0.95 (0.76, 1.18)
East 2135 19 0.01 0.75 (0.46, 1.21) 0.82 (0.51, 1.33)

Physician’s sex
Male 76,059 917 0.01 0.99 (0.84, 1.17) 1.05 (0.88, 1.24)
Female 13,614 165 0.01 1.00 1.00

Physician’s specialty license awarded, years
�10 14,315 195 0.01 1.19

�
(1.01, 1.40) 1.11 (0.94, 1.31)

10.1–15 22,600 280 0.01 1.07 (0.93, 1.24) 1.12 (0.97, 1.29)
>15 52,758 607 0.01 1.00 1.00

95%CI¼ 95% confidence interval, CKD¼ chronic kidney disease, DM¼ diabetes mellitus, eGFR¼ estimated glomerular filtration rate,
ESRD¼ end-stage renal disease, P4P¼ pay-for-performance.�

P< 0.05.
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Additionally, we noticed that the intervention duration of
early CKD P4P among the participants was a median of 1.5 years.
It was short compared to the DM P4P intervention in this study.
However, the effect of an early CKD P4P intervention was
unexpectedly significant and synergistically interactive with
previous DM P4P intervention. Previous studies have documen-
ted that the intervention effect of the P4P program on reducing
CKD progression could be found within a duration of 6 months to
2 years.17,18,21 An UK longitudinal study has also shown that the
effect of the P4P program on CKD patients was found within 2
years after intervention.18 Our findings agree with these studies in
terms of intervention duration but also reveal the interactive effect
of previous DM P4P interventions. Other studies have proposed
that BP control was the primary preventative strategy on the
prognosis of patients with early CKD and ESRD.20 The stabilized
control of BP as well as life-style complements within 2 years
may be sufficient to affect patients’ prognoses.

The primary finding of this study is the long-term effects of
diabetes P4P and its interactive effects with early CKD P4P on
the prognosis of patients with diabetic nephropathy. The dia-
betes P4P program provides nutritional and self-management
educational interventions while information integration and
consistency of care were executed by the clinicians encouraged
by the financial incentives of P4P programs.30 The contents of
P4P intervention between diabetes and early CKD were comp-
lement to each other in the sense of disease progression and
entity (Appendix 1, http://links.lww.com/MD/A869). The
incentive design of both P4P interventions is to ensure the
process management, including health education, periodical
biophysiological tests, patient’s adherence, and more patients
recruitment, but not on the patient’s prognosis. Therefore,
physicians are unlikely to exclude poor progression patients

FIGURE 1. Stratified analysis of the association between the study
group; C: by patient’s CCI group; D: by patient DM vintage grou
from the programs.
One of the primary goals of this study was to examine the

intervention effects of P4P programs on all-cause mortality and

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
major causes of death. To the best of our knowledge, this is the 1st
study demonstrating universal effects of P4Ps on all-cause and
major causes among the diabetic nephropathy patients in a
nationwide longitudinal study cohort. Our findings suggest a
universal effect on all causes of death by P4P programs and
are plausible to the pathogenesis of diabetes. The key process
indicators control as required by P4Ps is important to explain the
results (Appendix 1, http://links.lww.com/MD/A869). A diabetic
patient’s complications can be classified into microangiopathy
and macroangiopathy.31 The risk of developing diabetic micro-
vascular complications seems to be directly related to the degree
of glucose control.32 However, the etiology of diabetic macro-
vascular complications are multifactorial, such as hypertension,
dyslipidemia, obesity, smoking, sedentary lifestyle, or family
history. The initial presentation of diabetic nephropathy is micro-
albuminuria, and the risks for developing nephropathy are esca-
lated by increasing the duration of diabetes, poor sugar control
(untargeted A1C level), and poorly controlled hypertension.
Hypertension is associated with accelerated atherosclerosis and
the progression of CKD,33 and elevated BP levels may increase
the risk of a renal event in diabetic patients.34 The primary
intervention required for both pathways was diet control; how-
ever, medical examinations for the clinician’s medication refer-
ence were also important but different in each pathway. The
administration of angiotensin-converting enzyme inhibitors and
angiotensin II receptor blockers are the 2 dominate BP-lowering
therapies in both types of diabetes and have demonstrated a
significant renal benefit in patients with nephropathy.35 The
benefit of good BP control using P4P interventions on renal
outcomes and major cardiovascular events had been previously
shown.36,37 A lower A1C level, the most important biochemical
test for diabetes, can help to reduce nephropathy by 53% to 86%

up and all-cause mortality (A: by patient’s sex; B: by patient’s age
and E: by patient’s CKD stage group).
using intensive therapy from the Diabetes Control Complications
Trial.38 The important examination for CKD patient care is renal
function changes in which periodically measuring urine

www.md-journal.com | 7

http://links.lww.com/MD/A869
http://links.lww.com/MD/A869


T
A

B
L
E

3
.

T
h

e
Le

a
d

in
g

C
a
u
se

s
o
f

D
e
a
th

A
m

o
n

g
To

ta
l
D

M
N

e
p

h
ro

p
a
th

y
P
a
ti

e
n

t
C

o
h

o
rt

(n
¼

6
3
,9

2
3
)

P
4P

P
ro

gr
am

N
on

p
ar

ti
ci

p
an

ts
P

ar
ti

ci
p

an
ts

in
C

K
D

-P
4P

O
n

ly
P

ar
ti

ci
p

an
ts

In
D

M
-P

4P
O

n
ly

P
ar

ti
ci

p
an

ts
in

B
ot

h
D

M
an

d
C

K
D

P
4P

D
is

ea
se

s
(I

C
D

-9
-C

M
co

d
e)

n
,

%
H

az
ar

d
R

at
io

95
%

C
I

n
,

%
H

az
ar

d
R

at
io

95
%

C
I

n
,

%
H

az
ar

d
R

at
io

95
%

C
I

n
,

%
H

az
ar

d
R

at
io

In
fe

ct
io

u
s

d
is

ea
se

s�
8

8
9

(3
5

.9
5

)
1

.5
1
y

(1
.1

9
,

1
.9

1
)

1
7

9
(3

0
.9

2
)

1
.3

3
y

(1
.0

1
,

1
.7

5
)

1
1

2
(3

4
.5

7
)

1
.0

0
(0

.7
4

,
1

.3
5

)
9

9
(2

8
.2

1
)

1
.0

0
C

ar
d

io
v

as
cu

la
r

d
is

ea
se

sz
4

2
0

(1
6

.9
8

)
1

.9
3
y

(1
.4

3
,

2
.6

0
)

9
8

(1
6

.9
3

)
1

.7
5
y

(1
.2

3
,

2
.4

7
)

5
(1

6
.9

8
)

1
.4

5
(0

.9
8

,
2

.1
4

)
6

5
(1

8
.5

2
)

1
.0

0
A

cu
te

re
n

al
fa

il
u

re
(5

8
4

)
4

2
(1

.7
0

)
4

.1
6

(0
.7

6
,

2
2

.6
6

)
6

(1
.0

4
)

2
.2

1
(0

.2
9

,
1

6
.9

7
)

5
(1

.5
4

)
0

.5
4

(0
.0

6
,

4
.7

6
)

3
(0

.8
5

)
1

.0
0

M
al

ig
n

an
t

n
eo

p
la

sm
o

f
li

v
er

(1
5

5
)

2
5

(6
.1

9
)

4
.7

1
y

(1
.1

8
,

1
8

.8
1

)
1

1
(1

.9
0

)
2

.3
0

(0
.4

8
,

1
0

.9
2

)
7

(2
.1

6
)

0
.2

1
(0

.0
3

,
1

.6
0

)
9

(2
.5

6
)

1
.0

0

O
th

er
s

1
0

9
7

(4
4

.3
6

)
1

.6
8
y

(1
.4

1
,

2
.0

0
)

2
8

5
(4

9
.2

2
)

1
.4

6
y

(1
.1

9
,

1
.7

9
)

1
4

5
(4

4
.7

5
)

0
.9

8
(0

.7
8

,
1

.2
5

)
1

7
5

(4
9

.8
6

)
1

.0
0

T
o

ta
l

2
4

7
3

(1
0

0
)

�
�

5
7

9
(1

0
0

)
�

�
3

2
4

(1
0

0
)

�
�

3
5

1
(1

0
0

)
�

B
as

ed
o

n
d

if
fe

re
n

tp
ar

ti
ci

p
at

in
g

p
at

te
rn

s,
m

ul
ti

v
ar

ia
te

-a
d

ju
st

ed
h

az
ar

d
ra

ti
o

s
o

f
C

o
x

re
g

re
ss

io
n

m
od

el
in

cl
u

d
es

th
e

v
ar

ia
b

le
s

o
f

st
u

d
y

g
ro

u
p

,p
at

ie
n

t’
s

se
x

,p
at

ie
n

t’
s

ag
e,

C
h

ar
ls

o
n

co
m

o
rb

id
it

y
in

d
ex

,D
M

v
in

ta
g

e,
h

o
sp

it
al

ac
cr

ed
it

at
io

n
le

v
el

,
h

o
sp

it
al

lo
ca

ti
o

n
,

p
h

y
si

ci
an

’s
se

x
,

an
d

y
ea

rs
o

f
p

h
y

si
ci

an
’s

sp
ec

ia
lt

y
li

ce
n

se
aw

ar
d

ed
.

9
5

%
C

I¼
9

5
%

co
n

fi
d

en
ce

in
te

rv
al

,
C

K
D
¼

ch
ro

n
ic

k
id

n
ey

d
is

ea
se

,
D

M
¼

d
ia

be
te

s
m

el
li

tu
s,

P
4

P
¼

p
ay

-f
o
r-

p
er

fo
rm

an
ce

.
y P
<

0
.0

5.
� In

fe
ct

io
u
s

d
is

ea
se

s
(I

C
D

-9
-C

M
co

d
e)

:
se

p
ti

ce
m

ia
(0

3
8
),

p
n
eu

m
o
ni

a
(4

8
6
),

lu
n
g

d
is

ea
se

s
(5

1
8
),

b
ac

te
ri

al
p
n
eu

m
o
ni

a
(4

8
2
),

an
d

p
n
eu

m
o
ni

ti
s

d
u
e

to
so

li
d

s
an

d
li

q
u

id
s

(5
0

7
).

z C
ar

d
io

v
as

cu
la

r
d
is

ea
se

s
(I

C
D

-9
-C

M
co

d
e)

:
h
ea

rt
fa

il
ur

e
(4

2
8
),

is
ch

em
ic

h
ea

rt
d
is

ea
se

(4
1
0
),

o
cc

lu
si

o
n

o
f

ce
re

b
ra

l
ar

te
ri

es
(4

3
4
),

ca
rd

ia
c

d
y
sr

h
y
th

m
ia

s
(4

2
7

),
o

th
er

fo
rm

s
o

f
ch

ro
n

ic
is

ch
em

ic
h

ea
rt

d
is

ea
se

(4
1

4
),

sy
m

p
to

m
s

in
v

o
lv

in
g

ca
rd

io
v

as
cu

la
r

sy
st

em
(7

8
5

),
an

d
in

tr
ac

er
eb

ra
l

h
em

o
rr

h
ag

e
(4

3
1

).

Liao et al

8 | www.md-journal.com
microalbumin and serum creatinine levels is important for eval-
uating the status of CKD. Patients will receive more care and
health promotion from routine chronic complication evaluations
and management under P4P programs.

This study was one of the first to examine a large nation-
wide diabetic nephropathy population and to assess the quality
of care of diabetes and early CKD P4P programs with long-term
follow-up. Although, the study has several limitations that merit
caution. First, patients who may have higher education and
better medical compliance or doctor–patient interaction could
have an effect. However, it is difficult to control these situ-
ations. Second, the NHI claim database lacks detailed biophy-
siological measures; thus, this study was unable to investigate
the intermediate measures, such as the levels of HbA1c, BP, and
other CKD-specific examinations. Third, several patients in
both interventions may not have had sufficient time of inter-
ventions, which is likely to cause an underestimate of the P4P
intervention effects. Fifth, the declination of renal function was
higher in this population (8.38% of the diabetic nephropathy
patients developed late CKD or ESRD within 2 years of follow-
up) as opposed to that of Western population. The general-
izability of the findings to other populations is suggested to be
cautious. Finally, residual effects of the confounding variables
may still exist under multivariable models. As such, patient’s
medical seeking behavior and adherence to providers were not
able to be examined in this national health claim database.

In conclusion, this study showed that either diabetes or early
CKD P4P programs could significantly decrease the mortality
rates and the adverse manifestations for patients with diabetic
nephropathy. There is evidence to support the intervention effects
by P4P programs, which motivate physicians to strive to improve
the quality of care. The complement effects derived from both

Medicine � Volume 95, Number 14, April 2016
P4P interventions may suggest that a more comprehensive,

integrated, and continuous program for patient care starting from
the early course of the disease is warranted in future care.
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