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Abstract
Background: The impact of pay-for-performance (P4P) programs on long-term mortality for chronic illnesses, especially diabetes
mellitus, has been rarely reported. Several studies described the favorable impact of P4P for diabetes mellitus on medical utilizations
or intermediate outcomes. Therefore, this study aimed to investigate the impact of a P4P program onmortality in patients with type 2
diabetes.

Methods: The P4P group in this population-based cohort study was 2090 individuals with a primary diagnosis of type 2 diabetes
who had been newly enrolled in the P4P program of Taiwan between January 1, 2004 and December 31, 2004.Matched by 1:1 ratio,
patients in the non-P4P group were selected by propensity score matching (PSM) for sex, age, the first year of diagnosis as diabetes,
and 32 other potential confounding factors. Mean (SD) age was 60.91 (12.04) years when diabetes was first diagnosed and mean
(SD) duration of diabetes was 4.3 (1.9) years at baseline. The time-dependent Cox regression model was used to explore the impact
of P4P on all-cause mortality.

Results:During a mean of 5.13 years (SD=1.07 years) of follow-up, 206 and 263 subjects died in the P4P group and the non-P4P
group, respectively. After adjusting for the potential confounding factors at baseline, survival was significantly longer in the P4P group
than in the non-P4P group (hazard ratio, 0.76 [95% confidence interval, 0.64–0.92], P=0.004, by log-rank test). This decrease in
mortality is equivalent to one less death for every 37 patients who were treated in the P4P program for 5.13 years. In this study, the
P4P program significantly increased the medical utilization of physician visits and diabetes-related examinations, improved the
adherence of oral hypoglycemic drugs during the first 3 years and that of insulin during the second 3 years, and was negatively
associated with risk of cancer and chronic kidney disease. In annual health expense, there was no significant difference between P4P
and non-P4P groups, P=0.430.

Conclusions: As compared with control, pay-for-performance program significantly improved survival in patients with diabetes
without increasing the medical cost. The P4P group had significantly lower risk of cancer and chronic kidney disease.

Abbreviations: BMI = body mass index, CCI = Charlson comorbidity index, CI = confidence interval, DCSI = diabetes
complications severity index, DDD = defined daily dose, DM = diabetes mellitus, DSCI = diabetes severity comorbidity index, HR =
hazard ratio, IRB = Institutional Review Board, NHANES = national health and human nutrition examination surveys, NHI = National
Health Insurance, P4P = pay-for-performance, PMTCSCI = patient-centered multidisciplinary team care and structured care
implementation, PSM = propensity score matching, TADE = Taiwanese Association of Diabetes Educators.
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1. Introduction

Following the Saint Vincent Declaration,[1] pay-for-performance
(P4P) programs for diabetes have been increasingly conducted
worldwide.[2] In 1999, Anthem Blue Cross and Blue Shield in
New Hampshire launched an incentive program, encouraging
physicians to provide retinal examinations, lipid and glycated
hemoglobin testing for patients with diabetes.[3] In 2004, the
United Kingdom introduced a P4P contract for family practi-
tioners, covering the clinical care for 10 chronic diseases,
including diabetes.[4] In 2001, a P4P program for 5 diseases, one
of which was diabetes, was implemented in Taiwan.[5] Some
reports on the effects of P4P were not promising, one with short-
term improvement in quality of care [6] and another without
significant improvement in processes or outcomes.[7] In Taiwan,
increasing annual diabetes-related tests, better medication
adherence, and sustained improvement in continuity of care
have been achieved with P4P program.[8] In the UK framework,
there are 3 main sections: clinical care, practice organization, and
patient experience,[9] whereas in the Taiwan framework, the
structured care to be implemented in each visit every quarter
covers 5 domains: medical history, physical examination,
laboratory evaluation, management plan, and diabetes self-
management plan (Table 1-1 in Supplementary Appendix, http://
links.lww.com/MD/B125).
The impact of P4P programs on long-term mortality for

chronic illnesses, especially diabetes mellitus, has been rarely
reported. Several studies described the favorable impact of P4P
on medical utilizations[8,10,11] or intermediate outcomes,[12]

whereas evidence of the long-term impact of P4P programs on
mortality was lacking. Therefore, this study aimed to perform a
population-based cohort study to investigate the impact of P4P
on all-cause mortality in diabetes patients of Taiwan.
2. Material and methods

2.1. Ethics statement

The institutional review board (IRB) of the Kaohsiung Medical
University Hospital approved this Taiwan study.Written consent
from the study patients was not required because the National
Health Insurance (NHI) dataset consists of de-identified second-
ary data used for research purposes, and the IRB gave a formal
written waiver of the need for consent.
2.2. Data source

This retrospective cohort study analyzed data from the Taiwan
National Health Insurance Research Database (NHIRD) provid-
ed by National Health Research Institute (NHRI), including data
for physician visits, emergency department visits, and hospital
admissions. By December 2010, more than 23 million people had
been covered nationwide, with a coverage rate of 99.6% of
residents, which has improved general accessibility to health
care.[13] For research purposes, the NHRI adopted a systematic
random sampling method to construct a representative database
containing data for 1,000,000 randomly selected enrollees in the
NHI registry. The resulting database was designated the
Longitudinal Health Insurance Database (LHID). The selected
sample and the total population did not statistically differ in age,
sex, or health care costs.[14] The NHIRD was derived from the
reimbursement claims of the NHI program. The database
provided details of laboratory and prescription records, including
the laboratory tests done, the medications used, dosages, days of
2

supply dispensed, and diagnostic codes based on the Interna-
tional Classifications of Diseases, Ninth Revision, Clinical
Modifications (ICD-9-CM). This study used the LHID.
2.3. The P4P program

Since2001, theBureauof theNationalHealth Insurance (NHI)has
implemented a P4Pprogram for diabetes care. It is patient-centered
multidisciplinary team care that engages physicians, registered
nurses, nutritionists, pharmacists, and others, who are certified
diabetes educators (CDE) by Taiwanese Association of Diabetes
Educators (TADE).[15] Four levels of health care facility exist in
Taiwan, comprising medical center, regional hospital, district
hospital, and community clinic. There is no primary care
gatekeeping and referral system[16] in Taiwan, and patients are
free to seek health care based on her or his discretion.[17] Health
care facility with CDE physicians can voluntarily apply to
participate in the NHI P4P program. These certified physicians
then can enroll patients individually into the program (Fig. 1).[18]

An enrollee of P4P program is advised to visit the physician once
every3months. In eachvisit, implemented structured care is clearly
defined in initial enrollment visit, continuing care visits, andannual
evaluation visit, respectively (Tables 1-1, 1-2 and 1-3 in the
Supplementary Appendix, http://links.lww.com/MD/B125). In
addition to usual reimbursement for health care services such as
physician visits, laboratory evaluations, and medications, the P4P
programoffers engaged physicians additional“incentive physician
fee” and engaged diabetes educators “fee for nursing and nutrition
education” in the 3 sequential types of visit. Both fees are included
in the New Taiwan Dollar (NTD) 1845, (NTD 32.1=USD 1.0 in
2009) for initial enrollment visit (Supplementary Appendix:
Table 1-1: package P1401C, http://links.lww.com/MD/B125),
NTD 875 for continuing care visit (Table 1-2: package P1402C,
http://links.lww.com/MD/B125), and NTD 2245 for annual
evaluation visit (Table 1-3: package P1403C, http://links.lww.
com/MD/B125). To claim the fee of each package, data of the
“must-do” laboratory tests and examinations must be electroni-
cally uploaded to Bureau of Health Promotion. These “must-dos”
include blood sugar, glycated hemoglobin (HbA1C), low-density
lipoprotein (LDL), triglyceride, serum creatinine, urine albumin/
creatinine ratio, systolic and diastolic blood pressure, eye fundus
examination, and foot examination for initial enrollment visit and
annual evaluation visit, and include blood sugar, HbA1C, systolic
anddiastolic bloodpressure for continuing care visit.Required and
recommended services included in initial enrollment, continuing
care, and annual evaluation (e.g., medical history, physical
examination, laboratory evaluation, management plan, and
diabetes self-management plan) are clearly defined in each package
for visit in the P4P program. Between visits, individual phone or
cellphone calls oronline groupcommunication to care for enrollees
to reinforce self-monitoring of blood sugar, intensify physical
activity, and boost medication adherence are made for patients
whose HbA1C levels are greater than 8.5%. Group education
activities at health care facilities once every 2 to 4weeks are done to
promote insulin therapy for patients whose HbA1C levels are
greater than 8% despite treatment with 2 or more oral
hypoglycemic drugs. In non-P4P group, patients are treated at
the discretion of a physician, who may or may not be a CDE. P4P
program in Taiwan is to implement the structured cares set up in
the initial enrollment visit, continuing care visit, and annual
evaluation visit to treat patients to the targets. Because this P4P
program presents a chronic care model with patient-centered
multidisciplinary team care and structured care implementation
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Figure 1. Flowchart of the pay-for-performance (P4P) program for diabetes: Once enrolled into P4P program at the initial enrollment visit, the P4P subject visits
physician once each quarter, cycling through 3 continuing care visits and 1 annual evaluation visit. Each visit covers 5 domains: medical history, physical
examination, laboratory evaluation, management plan, and diabetes self-management plan.
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(PMTCSCI), the effect of P4P can be isolated separately from the
attributes of the treating physicians. There was no coding for CDE
physicians in NHIRD, and the proportion of non-P4P group who
were cared by CDE physicians could not be ascertained.
Additionally, only the physicians who have fulfilled the threshold
of enrollment can be listed as a candidate for the “Annual Incentive
by Performance.” Annual incentive by performance is calculated
according to the following 4 indicators: the proportion of the
enrolleeswho have completed each visit per quarter, 4 visits a year;
the proportion of enrollees with HbA1C<7.0%; the proportion of
enrolleeswithHbA1C>9.5%; the proportionof enrolleeswith low
density lipoprotein cholesterol (LDL-C) >130mg/dL at annual
evaluation visit. The CDE physician who ranks in the top 25
percentile of all the candidateswill be rewardedbyannual incentive
(please see Supplementary Appendix, http://links.lww.com/MD/
B125).

2.4. Patient involvement

P4P program, a landmark national health policy, involved
diabetes patients, health care providers, and administrators in the
policymaking. Medical utilization, medication adherence, and
prevention of comorbidities were based on structured care
implementation to match care to patient need, and the results of
the preceding 3 dimensions were revealed to patients in the
current or next visits. TADE-certified physicians play a key role in
the recruitment to, and conduct of, the study. Their contributions
were rewarded by incentives for each patient visit and their
annual performance. This quasiexperimental, retrospective
cohort study aimed to investigate the impact of P4P to decrease
comorbidities and prolong life.
2.5. Study population

Figure 2 shows the collection of our study patients. Using LHID,
we identified patients diagnosedwith type 2 diabetes [ICD-9-CM,
codes 250.xx (excluding 250.x1 or 250.x3)], who had any
3

inpatient diabetes diagnoses or at least 3 outpatient diabetes
diagnoses within 1 year. The validation of this definition of
diabetes showed a 96.9% sensitivity and 93.9% positive
predictive value in a study using a questionnaire assessment of
patients with diabetes from NHIRD.[19] All our study patients
were diagnosedwith diabetesmellitus before December 31, 2003.
The intervention group was 2090 individuals aged 18 years or
older who had been newly enrolled in the P4P program in Taiwan
between January 1, 2004 and December 31, 2004. The starting
point of follow-up for intervention group was the date of
enrollment into P4P. Each counterpart in comparison group
(non-P4P group) was randomly selected by PSM, utilizing 35
covariates including Charlson Comorbidity Index (CCI), Diabe-
tes Severity Comorbidity Index (DSCI), and others. P4P in
Taiwan began in 2001, but successful PSM for our study
population could not be achieved until 2004 claim data of
NHIRD was analyzed.

2.6. Study variables for propensity score matching

Propensity score matching method was used to perform one-to-
one matching between the P4P group and the non-P4P group
based on sex, age, the first year of diagnosis as diabetes, CCI
score, DSCI score, catastrophic disabling disease, residence,
insurance premium, health care facility level, physician visits,
diabetes-related examinations, oral hypoglycemic drugs, insulin,
statin, non-statin lipid-lowering drugs, angiotensin-converting-
enzyme inhibitors (ACEIs), angiotensin receptor blockers
(ARBs), non-ACEI and non-ARB anti-hypertensive drugs,
emergency department visits, diabetes-related hospitalization,
readmission within 30 days, annual NHI health care expenses,
severe hypoglycemia, cancer (ICD-9:140–208, 230–234), hyper-
tension (ICD-9:401), dyslipidemia (ICD-9:272), stroke (ICD-
9:430–438), coronary artery disease (ICD-9:410–414, 398.91,
402, 404, 036.1, 036.01, 036.02, 036.05, 036.06, 036.07,
000.66), heart failure (ICD-9:428.0), chronic kidney disease
(ICD-9:585), renal disease (ICD-9:580–584, 586–590, 403,
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Figure 2. Subject collection flowchart. Using Longitudinal Health Insurance Database (LHID), this study identified diabetes patients diagnosed before December
31, 2003. The intervention group was 2090 individuals who had been newly enrolled into the P4P program in 2004. Utilizing 35 covariates, propensity score
matching method was used to perform one-to-one matching between the P4P group and the non-P4P group.
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250.40), dementia or Alzheimer (ICD-9:290, 331.0), depressive
disorder (ICD-9:296.2x, 296.3x, 300.4, 311), and bipolar
disorder(ICD-9:296.0, 296.4, 296.5, 296.7, 296.80, 296.89) at
the baseline year. Severe hypoglycemia is an event requiring
assistance of another person to actively administer carbohydrate
or glucagon.[20] The general medical status before the index date
was assessed using a modified version of the Charlson
comorbidity index, which was the sum for 19 comorbid
conditions.[21] For patient severity/complication, this study used
the Diabetes Complications Severity Index (DCSI) developed by
Young et al,[22] which includes 7 categories of complications
according to the ICD-9-CM codes: cardiovascular complications,
nephropathy, retinopathy, peripheral vascular disease, stroke,
neuropathy, and metabolic disorders. Certificate of catastrophic
disabling disease is issued when a patient is diagnosed with one of
thirty categories of catastrophic diseases.[23] Four categories are
listed as follows: malignant neoplasms requiring long-term
4

therapy; chronic kidney disease, stage V or dialysis; rheumato-
logic disorders requiring life-long therapy; mental disorders
including dementia, schizophrenia, affective disorders, and
others.
Residence was categorized as rural or urban. The insurance

premium was a proxy indicator of economic status and was
classified into one of 3 categories: fixed premium and dependent,
less than NTD 40,000 monthly, and NTD 40,000 or more
monthly (NTD 32.1=USD 1.0 in 2009). The fixed premium
group included those receiving social welfare supports such as
low-income individuals and veterans. The dependent insurance
premium group comprised spouse and dependents who did not
have a job or income. Health care facility level was classified
according to the Taiwan Joint Commission on Hospital
Accreditation criteria as medical center (>500 beds), regional
hospital (301–500 beds), district hospital (101–300 beds), and
community clinic.
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To investigate medication adherence, we used the defined daily
dose (DDD). DDD recommended by the World Health
Organization is a unit for assessing the standard dose of drug;
that is, the dose for a 70-kg adult in a day was called 1 DDD. For
example, 1 DDD was 2g for metformin (biguanide) and 10mg
for enalapril (ACE inhibitor). Cumulative DDD (cDDD), which
indicates the duration of drug use, is estimated as the sum of the
dispensedDDDof the drug and comparedwith themortality risk.
Medication use was classified into 1 of 3 categories: 0 cDDD, 1
cDDD to Q3, and ≥Q3. The cutoff point for Q3 was the third
quartile of cDDD in our study group. The cDDD were defined
similarly to that in another study.[24]
2.7. Statistical analysis

The unit of analysis in this study was the individual patient
diagnosed with type 2 diabetes. The main end point in this
analysis was the date of death as indicated on the death
certificate. Because the diabetes patients were not randomly
assigned to the intervention group or comparison group, PSM
was used to minimize selection bias and to assign patients with
diabetes to the comparison group. The caliper matching method
(also known as the greedy algorithm) was used for 1-to-1
matching between the intervention and comparison groups. The
baseline characteristics were compared between the P4P and non-
P4P groups by x2 test and t test to make sure the matched controls
had similar 35 characteristics as their P4P counterparts at
baseline. The Kaplan–Meier method was used to calculate overall
survival curves, and the group comparisons of survival rate were
delineated by log-rank test. There were 2 main procedures in our
analysis. First, the time-dependent Cox regression model was
used for multivariate assessment of P4P on mortality by
controlling the 35 potential confounding covariates. This model
can take dynamic changing of covariates into account and is
widely used in pharmacoepidemiology. Volume of medical
utilization, annual average dose of medication use, and
comorbidity incidence served as time-dependent covariates.
Hazard ratios (HRs) and 95% confidence interval (CI) for
survival were reported. Secondly, each covariate of medical
utilization and medication use was analyzed, in terms of the
difference between the averages of P4P and non-P4P groups,
through generalized estimating equation by annual longitudinal
design. Each comorbidity was also analyzed, in terms of the
difference between the risks of P4P and non-P4P groups, through
competing risk adjusted Cox regression by controlling mortality.
Statistical analyses and data management were performed using
SAS 9.4 software (SAS Institute Inc, Cary, NC). All tests were 2-
sided, and P values <0.05 were considered statistically signifi-
cant.
3. Results

3.1. Patient characteristics

This study analyzed data obtained from 2090 P4P patients and
2090 controls matched by sex, age, the first year of diagnosis as
diabetes, and 32 other potential confounding factors. Mean (SD)
age was 60.91 (12.04) and 61.06 (12.697) years when diabetes
was first diagnosed and mean (SD) duration of diabetes at
baseline was 4.3 (1.9) and 4.3 (1.8) years for P4P and non-P4P
group, respectively. Approximately 52% of the subjects were
female. Table 1 shows that, in the pre-matched sample, the P4P
and non-P4P groups significantly (P<0.05) differed in most of
5

the assessed characteristics. After PSM, all 35 study covariates
were similar at baseline between the 2 groups. Figure 2 shows the
data collection flow chart.
3.2. Mortality rate after P4P

During an average of 5.13 years of follow-up, 469 of the subjects
died (206 P4P and 263 non-P4P subjects). The crude all-cause
mortality throughout the follow-up period was 1.90 (per 100
person-years, 95% CI: 1.65–2.18) for the P4P group. In the non-
P4P group, it was 2.47 (per 100 person-years, 95% CI:
2.18–2.79). Kaplan–Meier analysis of survival showed that the
cumulative survival rate of the P4P group was significantly higher
than that of non-P4P group (HR, 0.76 [95% CI, 0.64–0.92], P=
0.004, by log-rank test, Fig. 3).

3.3. Impact of P4P on mortality

Table 2 shows that during an average 5.13 years follow-up, the
mortality rate was significantly lower in the P4P group than in the
non-P4P group (HR, 0.76 [95% CI, 0.64–0.92], P=0.004) in
unadjusted univariate analysis. After being adjusted for total 35
covariates in multivariate analysis, no difference in mortality
existed between P4P and non-P4P groups (HR, 0.89 [95% CI,
0.74–1.07], P=0.224), which suggests that some of these 35
covariates account for the impact of P4P on mortality.
Multivariate time-dependent Cox regression analysis revealed
that mortality was negatively associated with physician visits,
diabetes-related examinations, oral hypoglycemic drugs, statin/
non-statin lipid-lowering drugs, ACEIs, ARBs, annual NHI
health care expenses, and dyslipidemia during the follow-up
period. In contrast, emergency department visits, diabetes-related
hospitalization, severe hypoglycemia, cancer, stroke, and heart
failure were positively associated with mortality in the study
patients.
3.4. Medical utilization and medication use by P4P
patients

Table 3 comparesmedical utilization andmedication use between
P4P and non-P4P patients during study period. The mean values
for physician visits, diabetes-related examinations, oral hypogly-
cemic drug use, insulin use, and statin use were significantly
higher in the P4P group than in the non-P4P group. P4P group
had significantly fewer diabetes-related hospitalizations than
non-P4P group. The 2 groups had similar mean values for non-
statin lipid-lowering drug use, ACEI use, ARB use, Non-ACEI-
non-ARB anti-hypertensive drug use, emergency department
visit, readmission within 30 days, annual NHI health care
expenses, and severe hypoglycemia.
3.5. Incidence of comorbidity between P4P and non-P4P
groups

Table 4 compares incidence of comorbidities between P4P and
non-P4P patients during study period. The study sample size
varied with each comorbidity because in either P4P group or non-
P4P group, selected at baseline, were those patients who had no
comorbidities to be analyzed, for which they were followed up
thereafter. Medical utilization served as a proxy index of screen
rate, including physician visits, diabetes-related examinations,
emergency department visit, diabetes-related hospitalization,
readmission within 30 days, and annual National Health
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Table 1

Demographic, utilization and clinical parameters of study patients by pay-for-performance (P4P) and propensity score matching (PSM)
∗
.

Characteristics
Before PSM matching After PSM matching

P4P (%) Non-P4P (%) P P4P (%) Non-P4P (%) P

Demographic parameters
Sex
Female 1093 (52.3) 13,669 (49.06) 0.004 1093 (52.3) 1128 (53.97) 0.278
Male 997 (47.7) 14,194 (50.94) 997 (47.7) 962 (46.03)

Age group, y)
18–59 982 (46.99) 11,424 (41) <0.001 982 (46.99) 979 (46.84) 0.969
60–69 567 (27.13) 7312 (26.24) 567 (27.13) 563 (26.94)
≥70 541 (25.89) 9127 (32.76) 541 (25.89) 548 (26.22)

Age, y, mean±SD 60.91±12.04 62.53±13.50 <0.001 60.91±12.04 61.06±12.69 0.703
First year of diagnosis as diabetes
1997 204 (9.76) 2091 (7.50) <0.001 204 (9.76) 199 (9.52) 0.998
1998 344 (16.46) 4224 (15.16) 344 (16.46) 358 (17.13)
1999 544 (26.03) 6600 (23.69) 544 (26.03) 542 (25.93)
2000 363 (17.37) 4833 (17.35) 363 (17.37) 356 (17.03)
2001 218 (10.43) 3549 (12.74) 218 (10.43) 217 (10.38)
2002 209 (10.00) 3421 (12.28) 209 (10.00) 213 (10.19)
2003 208 (9.95) 3145 (11.29) 208 (9.95) 205 (9.81)

Duration of diabetes (y) 4.31±1.85 4.05±1.82 <0.001 4.31±1.85 4.29±1.82 0.745
Charlson comorbidity index score
0 1257 (60.14) 14,398 (51.67) <0.001 1257 (60.14) 1255 (60.05) 0.911
1 364 (17.42) 5714 (20.51) 364 (17.42) 364 (17.42)
2 224 (10.72) 3540 (12.71) 224 (10.72) 216 (10.33)
3 115 (5.5) 1903 (6.83) 115 (5.50) 112 (5.36)
4 67 (3.21) 1098 (3.94) 67 (3.21) 81 (3.88)
≥5 63 (3.01) 1210 (4.34) 63 (3.01) 62 (2.97)

Diabetes severity comorbidity index score
0 1635 (78.23) 19,848 (71.23) <0.001 1635 (78.23) 1633 (78.13) 0.967
1 215 (10.29) 3145 (11.29) 215 (10.29) 223 (10.67)
2 113 (5.41) 2133 (7.66) 113 (5.41) 108 (5.17)
≥3 127 (6.08) 2737 (9.82) 127 (6.08) 126 (6.03)

Catastrophic disabling disease 68 (3.25) 1116 (4.01) 0.089 68 (3.25) 73 (3.49) 0.668
Residence
Rural 530 (25.36) 7467 (26.8) 0.151 530 (25.36) 521 (24.93) 0.748
Urban 1560 (74.64) 20,396 (73.2) 1560 (74.64) 1569 (75.07)

Insurance premium†

Fixed premium and dependent 808 (38.66) 10,945 (39.28) 0.337 808 (38.66) 822 (39.33) 0.906
Less than NTD† 40,000 1123 (53.73) 15,030 (53.94) 1123 (53.73) 1111 (53.16)
NTD 40,000 or more 159 (7.61) 1888 (6.78) 159 (7.61) 157 (7.51)

Health care facility level
Medical center 562 (26.89) 8196 (29.42) <0.001 562 (26.89) 545 (26.08) 0.940
Regional hospital 611 (29.23) 6942 (24.91) 611 (29.23) 618 (29.57)
District hospital 432 (20.67) 6203 (22.26) 432 (20.67) 432 (20.67)
Communityclinic 485 (23.21) 6522 (23.41) 485 (23.21) 495 (23.68)

Utilization parameters
Physician visits, number
0–10 144 (6.89) 3633 (13.04) <0.001 144 (6.89) 141 (6.75) 0.294
11–20 498 (23.83) 6953 (24.95) 498 (23.83) 457 (21.87)
≥21 1448 (69.28) 17,277 (62.01) 1448 (69.28) 1492 (71.39)

Diabetes-related examinations, number
0–1 226 (10.81) 8456 (30.35) <0.001 226 (10.81) 215 (10.29) 0.349
2–6 544 (26.03) 8813 (31.63) 544 (26.03) 585 (27.99)
≥7 1320 (63.16) 10,594 (38.02) 1320 (63.16) 1290 (61.72)

Oral hypoglycemic drugs, cDDD
0 157 (7.51) 10,133 (36.37) <0.001 157 (7.51) 154 (7.37) 0.854
1–784.3 766 (36.65) 8346 (29.95) 766 (36.65) 751 (35.93)
≥784.4 1167 (55.84) 9384 (33.68) 1167 (55.84) 1185 (56.7)

Insulin, cDDD
0 1648 (78.85) 24,326 (87.31) <0.001 1648 (78.85) 1625 (77.75) 0.642
1–269 178 (8.52) 1743 (6.26) 178 (8.52) 193 (9.23)
≥270 264 (12.63) 1794 (6.44) 264 (12.63) 272 (13.01)

Statin, cDDD
0 1461 (69.90) 22,506 (80.77) <0.001 1461 (69.90) 1477 (70.67) 0.737
1–126.6 322 (15.41) 2466 (8.85) 322 (15.41) 304 (14.55)
≥126.7 307 (14.69) 2891 (10.38) 307 (14.69) 309 (14.78)

Non-statin, cDDD
0 1765 (84.45) 24,947 (89.53) <0.001 1765 (84.45) 1765 (84.45) 0.450
1–161 136 (6.51) 1324 (4.75) 136 (6.51) 152 (7.27)
≥162 189 (9.04) 1592 (5.71) 189 (9.04) 173 (8.28)

ACEI, cDDD

(continued )
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Table 1

(continued).

Characteristics
Before PSM matching After PSM matching

P4P (%) Non-P4P (%) P P4P (%) Non-P4P (%) P

0 1504 (71.96) 20,987 (75.32) 0.003 1504 (71.96) 1496 (71.58) 0.885
1–307 285 (13.64) 3277 (11.76) 285 (13.64) 296 (14.16)
≥308 301 (14.40) 3599 (12.92) 301 (14.40) 298 (14.26)

ARB, cDDD
0 1583 (75.74) 22,572 (81.01) <0.001 1583 (75.74) 1558 (74.55) 0.540
1–335 246 (11.77) 2438 (8.75) 246 (11.77) 269 (12.87)
≥336 261 (12.49) 2853 (10.24) 261 (12.49) 263 (12.58)

Non-ACEI and non-ARB, cDDD
0 955 (45.69) 12,136 (43.56) 0.024 955 (45.69) 911 (43.59) 0.378
1–396 557 (26.65) 7235 (25.97) 557 (26.65) 572 (27.37)
≥397 578 (27.66) 8492 (30.48) 578 (27.66) 607 (29.04)

Emergency department visit, yes 296 (14.16) 3824 (13.72) 0.575 296 (14.16) 302 (14.45) 0.791
Diabetes-related hospitalization, days
0 1642 (78.56) 21,812 (78.28) <0.001 1642 (78.56) 1614 (77.22) 0.389
1–16 368 (17.61) 4304 (15.45) 368 (17.61) 380 (18.18)
≥17 80 (3.83) 1747 (6.27) 80 (3.83) 96 (4.59)

Readmission within 30 days 61 (2.92) 1242 (4.46) 0.001 61 (2.92) 79 (3.78) 0.122
Annual NHI health care expenses, NTD†

0–7580 149 (7.13) 3708 (13.31) <0.001 149 (7.13) 145 (6.94) 0.689
7581–20,959 470 (22.49) 6513 (23.38) 470 (22.49) 449 (21.48)
≥20,960 1471 (70.38) 17,642 (63.32) 1471 (70.38) 1496 (71.58)

Clinical parameters
Severe hypoglycemia, yes 201 (9.62) 3224 (11.57) 0.007 201 (9.62) 201 (9.62) 1.000
Cancer, yes 125 (5.98) 2069 (7.43) 0.014 125 (5.98) 131 (6.27) 0.699
Hypertension, yes 240 (11.48) 2943 (10.56) 0.188 240 (11.48) 230 (11) 0.624
Dyslipidemia, yes 1223 (58.52) 12,980 (46.59) <0.001 1223 (58.52) 1203 (57.56) 0.531
Stroke, yes 377 (18.04) 6060 (21.75) <0.001 377 (18.04) 408 (19.52) 0.220
Coronary artery disease, yes 981 (46.94) 13,867 (49.77) 0.013 981 (46.94) 1003 (47.99) 0.496
Heart failure, yes 103 (4.93) 1969 (7.07) <0.001 103 (4.93) 99 (4.74) 0.773
Chronic kidney disease, yes 61 (2.92) 1451 (5.21) <0.001 61 (2.92) 63 (3.01) 0.855
Renal disease, yes 512 (24.50) 5316 (19.08) <0.001 512 (24.5) 500 (23.92) 0.665
Dementia or Alzheimer, yes 39 (1.87) 861 (3.09) 0.002 39 (1.87) 37 (1.77) 0.817
Depressive disorder, yes 126 (6.03) 1647 (5.91) 0.826 126 (6.03) 103 (4.93) 0.118
Bipolar disorder, yes 11 (0.53) 194 (0.70) 0.363 11 (0.53) 12 (0.57) 0.834

SD= standard deviation, ACEIs= angiotensin-converting-enzyme inhibitors, ARB= angiotensin receptor blocker, cDDD= cumulative defined daily dose, NHI=national health insurance.
∗
All demographic, utilization, and clinical parameters, totaling 35 variables in this table, were used to perform propensity score matching

† 1USD=32.1 New Taiwan Dollars (NTD) in 2009.

Figure 3. Kaplan–Meier survival curve by pay-for-performance (P4P) in
Taiwan. Kaplan–Meier analysis of survival showed that during a mean of 5.13
years of follow-up, the cumulative survival rate of the P4P group was
significantly higher than that of non-P4P group (hazard ratio, 0.76 [95%
confidence interval, 0.64–0.92], P=0.004, by log-rank test).

Chen et al. Medicine (2016) 95:27 www.md-journal.com

7

Insurance health care expenses during follow-up period. Without
controlling screen rate in the follow-up period, the incidences of
all 9 comorbidities were similar between P4P and non-P4P groups
(adjusted model 1). Compared with non-P4P group, P4P group
had significantly lower incidence of cancer and chronic kidney
disease after controlling screen rate (adjusted model 2).
3.6. Dimensions explaining the impact of P4P on mortality

In Table 5, extracted from the 35 covariates, 25 covariates were
segregated into 3 dimensions, comprising 6 in medical utilization,
7 in medication use, and 12 in comorbidity. When time-
dependent Cox regression models were applied at the level of
each dimension or any of their combinations, the results revealed
that the impact of P4P onmortality can be explained by analyzing
medical utilization, comorbidity, their combination, and combi-
nation of medical utilization and medication use.
4. Discussion

This study is the first nationwide population-based cohort study
to provide evidence that the P4P program improves mortality in
patients with diabetes. Using PSM to harness sex, age, the first
year of diagnosis as diabetes, and 32 other potential confounding
variables, we endeavored to eliminate baseline differences
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Table 2

Time-dependent Cox regression models for mortality based on propensity score matching sample (n=4180)
∗
.

Variables
Unadjusted analysis Adjusted analysis

HR (95% CI) P† P‡ HR (95% CI) P† P‡

Pay-for-performance, yes vs. no 0.76 (0.64–0.92) 0.004 0.89 (0.74–1.07) 0.224
Utilization parameters
Physician visits, number
0–10 1[Reference] 1[Reference]
11–20 0.31 (0.22–0.43) <0.001 <0.001 0.56 (0.38–0.82) 0.003 <0.001
≥21 0.41 (0.32–0.52) <0.001 0.30 (0.21–0.42) <0.001

Diabetes-related examinations, number
0–1 1[Reference] 1[Reference]
2–6 0.51 (0.37–0.70) <0.001 <0.001 0.38 (0.26–0.54) <0.001 <0.001
≥7 0.55 (0.43–0.71) <0.001 0.57 (0.40–0.81) 0.001

Oral hypoglycemic drugs, cDDD
0 1[Reference] 1[Reference]
1–784.3 0.46 (0.37–0.57) <0.001 <0.001 0.59 (0.46–0.75) <0.001 <0.001
≥784.4 0.22 (0.18–0.28) <0.001 0.57 (0.43–0.74) <0.001

Insulin, cDDD
0 1[Reference] 1[Reference]
1–269 6.06 (4.59–8.00) <0.001 <0.001 1.19 (0.86–1.64) 0.289 0.109
≥270 7.76 (6.29–9.57) <0.001 1.34 (1.02–1.77) 0.036

Statin, cDDD
0 1[Reference] 1[Reference]
1–126.6 0.40 (0.28–0.58) <0.001 <0.001 0.56 (0.38–0.83) 0.003 0.002
≥126.7 0.45 (0.34–0.59) <0.001 0.69 (0.52–0.93) 0.014

Non-statin, cDDD
0 1[Reference] 1[Reference]
1–161 0.54 (0.32–0.92) 0.024 <0.001 0.71 (0.41–1.22) 0.215 0.043
≥162 0.3 (0.17–0.54) <0.001 0.51 (0.29–0.92) 0.025

ACEI, cDDD
0 1[Reference] 1[Reference]
1–307 1.83 (1.45–2.33) <0.001 <0.001 0.67 (0.52–0.87) 0.002 0.006
≥308 1.02 (0.77–1.35) 0.892 0.78 (0.58–1.06) 0.113

ARB, cDDD
0 1[Reference] 1[Reference]
1–335 1.25 (0.97–1.62) 0.081 0.028 0.65 (0.50–0.86) 0.002 0.002
≥336 0.78 (0.59–1.03) 0.084 0.70 (0.52–0.94) 0.018

Non-ACEI and non-ARB, cDDD
0 1[Reference] 1[Reference]
1–396 2.64 (2.02–3.45) <0.001 <0.001 0.87 (0.63–1.20) 0.408 0.355
≥397 3.41 (2.67–4.36) <0.001 1.03 (0.74–1.42) 0.871

Emergency department visit, yes vs no 4.98 (4.14–5.97) <0.001 1.43 (1.15–1.77) 0.001
Diabetes-related hospitalization, days
0 1[Reference] 1[Reference]
1–16 5.05 (3.66–6.96) <0.001 <0.001 3.78 (2.53–5.63) <0.001 <0.001
≥17 48.06 (37.46–61.65) <0.001 16.31 (10.89–24.42) <0.001

Readmission within 30 days 15.12 (12.59–18.16) <0.001 1.01 (0.8–1.26) 0.963
Annual NHI health care expenses, NTD†

0–7580 1[Reference] 1[Reference]
7581–20,959 0.04 (0.02–0.13) <0.001 <0.001 0.16 (0.06–0.47) 0.001 0.003
≥20,960 1.13 (0.78–1.64) 0.503 0.85 (0.48–1.51) 0.582

Clinical parameters
Severe hypoglycemia, yes vs no 20.68 (17.21–24.84) <0.001 2.55 (2.01–3.24) <0.001
Cancer, yes vs no 3.87 (3.15–4.74) <0.001 2.00 (1.60–2.48) <0.001
Hypertension, yes vs no 1.44 (1.12–1.83) 0.004 1.05 (0.81–1.36) 0.694
Dyslipidemia, yes vs no 0.55 (0.46–0.67) <0.001 0.77 (0.63–0.94) 0.009
Stroke, yes vs no 3.44 (2.87–4.12) <0.001 1.60 (1.31–1.96) <0.001
Coronary artery disease, yes vs no 2.32 (1.9–2.85) <0.001 1.17 (0.92–1.48) 0.192
Heart failure, yes vs no 6.18 (5.1–7.49) <0.001 1.71 (1.37–2.14) <0.001
Chronic kidney disease, yes vs no 5.16 (4.19–6.36) <0.001 1.09 (0.85–1.39) 0.520
Renal disease, yes vs no 2.86 (2.39–3.44) <0.001 1.10 (0.88–1.37) 0.412
Dementia or Alzheimer, yes vs no 3.3 (2.46–4.42) <0.001 1.02 (0.75–1.39) 0.902
Depressive disorder, yes vs no 1.23 (0.89–1.7) 0.205 0.74 (0.52–1.06) 0.100
Bipolar disorder, yes vs no 2.68 (1.33–5.39) 0.006 2.08 (0.98–4.44) 0.058

ACEI=angiotensin-converting-enzyme inhibitors, ARB= angiotensin receptor blocker, cDDD= cumulative defined daily dose, CI= confidence interval, NHI=national health insurance.
∗
Propensity score matching for demographic, utilization, and clinical parameters:

Demographic parameters comprise sex, age, first year of diagnosis as diabetes, duration of diabetes, Charlson comorbidity index score, diabetes severity comorbidity index score, catastrophic disabling disease,
residence, insurance premium, and health care facility level.
Utilization parameters comprise physician visits, diabetes-related examinations, oral hypoglycemic drugs, insulin, statin, non-statin lipid-lowering drugs, ACEI, ARB, non-ACEI and non-ARB anti-hypertensive
drugs, emergency department visit, diabetes-related hospitalization, readmission within 30 days, and annual NHI health care expenses.
Clinical parameters comprise severe hypoglycemia, cancer, hypertension, dyslipidemia, stroke, coronary artery disease, heart failure, chronic kidney disease, renal disease, dementia or Alzheimer, depressive
disorder, and bipolar disorder at baseline.
†Within variable comparison.
‡ Overall test for a variable.
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Table 3

Medical utilization and medication dosage by pay-for-performance (P4P).

Variable Follow-up year P4P Non-P4P t test P GEE analysis P

Physician visits Baseline 33.988 (32.806–35.169) 33.289 (32.336–34.243) 0.367 <0.001
(number) 1 38.704 (37.566–39.842) 34.585 (33.576–35.593) <0.001

2 36.095 (34.957–37.233) 33.970 (32.971–34.970) 0.006
3 35.657 (34.485–36.829) 33.522 (32.537–34.508) 0.006
4 35.853 (34.806–36.900) 34.111 (33.143–35.078) 0.017
5 36.699 (35.598–37.799) 34.514 (33.477–35.55) 0.005
6 35.623 (34.106–37.139) 34.478 (33.207–35.749) 0.258

Diabetes-related examinations Baseline 6.189 (6.059–6.320) 6.167 (6.042–6.292) 0.808 <0.001
(number) 1 10.581 (10.462–10.701) 5.481 (5.351–5.611) <0.001

2 8.174 (7.912–8.436) 5.696 (5.479–5.914) <0.001
3 7.935 (7.780–8.090) 6.309 (5.393–7.224) 0.001
4 8.134 (7.809–8.460) 6.613 (6.165–7.060) <0.001
5 8.219 (8.016–8.421) 6.442 (6.266–6.618) <0.001
6 13.967 (10.396–17.538) 9.927 (9.191–10.664) 0.033

Oral hypoglycemic drugs Baseline 1.714 (1.646–1.781) 1.722 (1.656–1.789) 0.859 <0.001
(cDDD) 1 1.977 (1.908–2.046) 1.636 (1.572–1.699) <0.001

2 1.770 (1.704–1.836) 1.589 (1.526–1.651) <0.001
3 1.730 (1.663–1.798) 1.612 (1.546–1.677) 0.013
4 1.687 (1.62–1.753) 1.615 (1.549–1.681) 0.134
5 1.633 (1.566–1.701) 1.570 (1.504–1.636) 0.191
6 1.715 (1.597–1.833) 1.640 (1.562–1.717) 0.296

Insulin Baseline 0.111 (0.090–0.132) 0.110 (0.093–0.127) 0.937 0.024
(cDDD) 1 0.162 (0.142–0.182) 0.145 (0.112–0.177) 0.360

2 0.182 (0.161–0.203) 0.159 (0.130–0.189) 0.225
3 0.227 (0.172–0.283) 0.212 (0.144–0.279) 0.723
4 0.217 (0.194–0.240) 0.162 (0.140–0.183) <0.001
5 0.233 (0.205–0.261) 0.176 (0.153–0.198) 0.002
6 0.249 (0.218–0.279) 0.189 (0.159–0.219) 0.006

Statin Baseline 0.066 (0.060–0.072) 0.073 (0.066–0.080) 0.173 0.036
(cDDD) 1 0.110 (0.101–0.118) 0.088 (0.080–0.096) <0.001

2 0.108 (0.100–0.117) 0.097 (0.087–0.107) 0.088
3 0.127 (0.117–0.137) 0.116 (0.105–0.127) 0.136
4 0.131 (0.120–0.141) 0.126 (0.114–0.137) 0.510
5 0.126 (0.115–0.136) 0.138 (0.125–0.151) 0.154
6 0.133 (0.120–0.147) 0.135 (0.121–0.149) 0.860

Non-statin Baseline 0.058 (0.049–0.067) 0.050 (0.043–0.057) 0.170 0.482
(cDDD) 1 0.059 (0.051–0.068) 0.048 (0.041–0.055) 0.054

2 0.047 (0.040–0.055) 0.045 (0.037–0.052) 0.624
3 0.046 (0.039–0.053) 0.042 (0.035–0.049) 0.459
4 0.039 (0.033–0.046) 0.049 (0.041–0.056) 0.062
5 0.040 (0.033–0.047) 0.044 (0.037–0.050) 0.473
6 0.041 (0.032–0.049) 0.048 (0.039–0.058) 0.235

ACEI Baseline 0.159 (0.141–0.177) 0.157 (0.140–0.174) 0.878 0.266
(cDDD) 1 0.195 (0.174–0.216) 0.161 (0.143–0.179) 0.014

2 0.190 (0.169–0.212) 0.171 (0.151–0.192) 0.209
3 0.172 (0.152–0.191) 0.162 (0.142–0.182) 0.514
4 0.160 (0.140–0.180) 0.151 (0.130–0.172) 0.552
5 0.135 (0.117–0.154) 0.136 (0.113–0.158) 0.978
6 0.132 (0.107–0.156) 0.132 (0.109–0.154) 1.00

ARB Baseline 0.143 (0.129–0.157) 0.155 (0.14–0.171) 0.244 0.541
(cDDD) 1 0.182 (0.166–0.198) 0.171 (0.155–0.187) 0.315

2 0.170 (0.155–0.186) 0.177 (0.161–0.194) 0.566
3 0.186 (0.168–0.203) 0.185 (0.167–0.202) 0.948
4 0.197 (0.180–0.214) 0.200 (0.181–0.219) 0.831
5 0.198 (0.180–0.216) 0.205 (0.185–0.224) 0.609
6 0.197 (0.176–0.218) 0.210 (0.187–0.233) 0.413

NonACEI-nonARB Baseline 0.419 (0.39–0.449) 0.451 (0.419–0.482) 0.157 0.038
(cDDD) 1 0.520 (0.486–0.555) 0.493 (0.461–0.526) 0.269

2 0.536 (0.500–0.571) 0.521 (0.486–0.556) 0.562
3 0.549 (0.511–0.587) 0.538 (0.498–0.578) 0.710
4 0.555 (0.518–0.593) 0.554 (0.516–0.592) 0.957
5 0.572 (0.532–0.612) 0.547 (0.509–0.584) 0.372
6 0.554 (0.510–0.597) 0.554 (0.507–0.600) 0.996

(continued )
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Table 3

(continued).

Variable Follow-up year P4P Non-P4P t test P GEE analysis P

Emergency department visit Baseline 0.142 (0.127–0.157) 0.144 (0.129–0.160) 0.791 0.299
(number) 1 0.151 (0.136–0.167) 0.167 (0.151–0.183) 0.163

2 0.162 (0.146–0.178) 0.186 (0.169–0.202) 0.050
3 0.212 (0.194–0.230) 0.198 (0.180–0.215) 0.256
4 0.218 (0.200–0.236) 0.226 (0.208–0.245) 0.537
5 0.230 (0.211–0.249) 0.237 (0.218–0.256) 0.592
6 0.141 (0.125–0.157) 0.145 (0.128–0.161) 0.776

Diabetes-related hospitalization (days) Baseline 2.623 (2.175–3.071) 2.729 (2.353–3.105) 0.722 0.019
1 4.549 (3.490–5.608) 5.124 (3.985–6.263) 0.468
2 5.168 (4.196–6.140) 7.338 (5.957–8.720) 0.012
3 4.832 (3.884–5.780) 5.894 (4.745–7.042) 0.161
4 6.065 (4.749–7.381) 6.133 (5.036–7.230) 0.938
5 6.342 (5.180–7.504) 7.839 (6.46–9.219) 0.103
6 4.641 (3.519–5.763) 5.241 (4.039–6.442) 0.474

Readmission within 30 days Baseline 0.029 (0.022–0.036) 0.038 (0.030–0.046) 0.122 0.188
(number) 1 0.046 (0.037–0.055) 0.055 (0.045–0.065) 0.205

2 0.051 (0.041–0.060) 0.056 (0.046–0.066) 0.452
3 0.049 (0.040–0.059) 0.050 (0.040–0.059) 0.946
4 0.052 (0.043–0.062) 0.051 (0.041–0.061) 0.847
5 0.057 (0.047–0.068) 0.070 (0.058–0.081) 0.120
6 0.03 (0.022–0.038) 0.033 (0.024–0.041) 0.689

Annual NHI health care expense Baseline 52,286 (49,248–55,325) 54,003 (51,347–56,659) 0.404 0.430
(NTD) 1 81,223 (74,043–88,403) 74,293 (67,692–80,894) 0.164

2 86,679 (77,510–95,848) 101,488 (87,938–115,039) 0.076
3 89,703 (80,342–99,064) 99,348.46 (86,496–112,201) 0.233
4 100,021 (88,403–111,639) 97,543 (87,698–107,393) 0.750
5 108,133 (96,819–119,447) 113,687 (101,868–125,505) 0.505
6 94,033 (82,856–105,209) 99,476 (82,425–116,528) 0.598

Severe hypoglycaemia Baseline 0.096 (0.084–0.109) 0.096 (0.084–0.109) 1.000 0.258
(number) 1 0.054 (0.044–0.063) 0.005 (0.041–0.060) 0.626

2 0.058 (0.048–0.068) 0.066 (0.055–0.076) 0.301
3 0.061 (0.051–0.071) 0.061 (0.05–0.071) 0.967
4 0.071 (0.060–0.083) 0.074 (0.062–0.086) 0.745
5 0.072 (0.061–0.084) 0.084 (0.071–0.096) 0.202
6 0.037 (0.028–0.045) 0.048 (0.038–0.058) 0.099

ACEI=angiotensin-converting-enzyme inhibitor, ARB= angiotensin receptor blocker, cDDD= cumulative defined daily dose, GEE=generalized estimating equation, NHI=national health insurance, NTD=New
Taiwan Dollars.

Table 4

Comorbidities by pay-for-performance (P4P), competing risk adjusted Cox regression
∗
.

Disease
Number of incidences/number at risk (%) P4P vs non-P4P hazard ratio (95% CI), P
P4P Non-P4P Adjusted model 1† Adjusted model 2‡

Cancer 132/1965 (6.72) 153/1965 (7.79) 0.86 (0.68–1.08), 0.188 0.62 (0.46–0.84), 0.002
Stroke 162/1713 (9.46) 164/1713 (9.57) 0.99 (0.79–1.23), 0.986 0.95 (0.70–1.30), 0.735
Coronary artery disease 208/1109 (18.76) 181/1109 (16.32) 1.17 (0.96–1.43), 0.125 0.88 (0.67–1.17), 0.375
Heart failure 121/1987 (6.09) 124/1987 (6.24) 0.98 (0.76–1.26), 0.859 0.90 (0.64–1.27), 0.541
Chronic kidney disease 130/2029 (6.41) 149/2029 (7.34) 0.87 (0.69–1.10), 0.236 0.53 (0.38–0.74), <0.001
Renal disease 214/1578 (13.56) 164/1578 (10.39) 1.32 (1.08–1.62), 0.007 0.89 (0.67–1.20), 0.443
Dementia or Alzheimer 50/2051 (2.44) 50/2051 (2.44) 1.00 (0.68–1.48), 0.994 0.74 (0.43–1.26), 0.262
Depressive disorder 43/1964 (2.19) 37/1964 (1.88) 1.16 (0.75–1.80), 0.509 0.83 (0.45–1.50) 0.529
Bipolar disorder 1/2079 (0.05) 6/2079 (0.29) 0.17 (0.02–1.38), 0.097 0.18 (0.01–2.50), 0.202

CI= confidence interval.
∗
Propensity score matching for demographic, utilization, and clinical parameters:

Demographic parameters comprise sex, age, first year of diagnosis as diabetes, duration of diabetes, Charlson comorbidity index score, diabetes severity comorbidity index score, catastrophic disabling disease,
residence, insurance premium, and health care facility level.
Utilization parameters comprise physician visits, diabetes-related examinations, oral hypoglycemic drugs, insulin, statin, non-statin lipid-lowering drugs, ACEI, ARB, non-ACEI and non-ARB anti-hypertensive
drugs, emergency department visit, diabetes-related hospitalization, readmission within 30 days, and annual NHI health care expenses.
Clinical parameters comprise severe hypoglycemia, cancer, hypertension, dyslipidemia, stroke, coronary artery disease, heart failure, chronic kidney disease, renal disease, dementia or Alzheimer, depressive
disorder, and bipolar disorder at baseline.
† Adjusted mortality.
‡ Adjusted mortality and proxy index of screen rate (diabetes-related hospitalization, physician visits, diabetes-related examinations, readmission within 30 days, annual National Health Insurance health care
expenses, emergency department visit) during follow-up period.
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Table 5

Time-dependentCox regressionmodels formortality by controlling 3 dimensions of confounding factors during follow-upperiod basedon
propensity score matching sample (n=4180)

∗
.

Adjusted Variables
Pay-for-performance, yes vs no

HR (95% CI) P

Medical utilization (A†) 0.92 (0.77–1.11) 0.392
Medication use (B‡) 0.71 (0.59–0.85) <0.001
Comorbiditiy (Cx) 0.85 (0.71–1.02) 0.085
A+B 0.89 (0.74–1.07) 0.210
A+C 0.93 (0.78–1.13) 0.471
B+C 0.79 (0.66–0.96) 0.016
A+B+C 0.89 (0.74–1.07) 0.224

ACEI=angiotensin-converting-enzyme inhibitors, ARB= angiotensin receptor blocker, CI= confidence interval.
∗
Propensity score matching for demographic, utilization, and clinical parameters:

Demographic parameters comprise sex, age, first year of diagnosis as diabetes, duration of diabetes, Charlson comorbidity index score, diabetes severity comorbidity index score, catastrophic disabling disease,
residence, insurance premium, and health care facility level.
Utilization parameters comprise physician visits, diabetes-related examinations, oral hypoglycemic drugs, insulin, statin, non-statin lipid-lowering drugs, ACEI, ARB, non-ACEI and non-ARB anti-hypertensive
drugs, emergency department visit, diabetes-related hospitalization, readmission within 30 days, and annual NHI health care expenses.
Clinical parameters comprise severe hypoglycemia, cancer, hypertension, dyslipidemia, stroke, coronary artery disease, heart failure, chronic kidney disease, renal disease, dementia or Alzheimer, depressive
disorder, and bipolar disorder at baseline.
† Dimension of medical utilization: physician visits, diabetes-related examinations, emergency department visit, diabetes-related hospitalization, readmission within 30 days, annual National Health Insurance
health care expenses during follow-up period.
‡ Dimension of medication use: oral hypoglycemic drugs, insulin, statin, non-statin lipid-lowering drugs, ACEI, ARB, non-ACEI and non-ARB anti-hypertensive drugs during follow-up period.
x Dimension of comorbidity: severe hypoglycemia, cancer, hypertension, dyslipidemia, stroke, coronary artery disease, heart failure, chronic kidney disease, renal disease, dementia or Alzheimer, depressive
disorder, and bipolar disorder during follow-up period.
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between the P4P and non-P4P groups. The results revealed that
P4P program reduced mortality in diabetes patients during an
average of 5.13 years of intervention without increasing the
medical cost. This decrease in mortality is equivalent to one less
death for every 37 patients who were treated in the P4P program
for 5.13 years. The impact of P4P on mortality can be explained
by the dimension of medical utilization, and the dimension of
comorbidity, alone.

4.1. Impact of medical utilization and medication use on
mortality

In this study, through PMTCSCI of 3 sequential types of visit, the
P4P program significantly increased physician visits and their
associated diabetes-related examinations,[8] including measure-
ment of HbA1C (A), blood pressure (B), and low density
lipoprotein cholesterol (C). To reach target levels of HbA1C the
adherence of oral hypoglycemic drugs was significantly better in
P4P group than in non-P4P group during the first 3 years. In
Taiwan, diabetes patients are reluctant to accept insulin therapy;
and insulin is not utilized until multiple oral hypoglycemic drugs
have failed.[25] The adherence of insulin was significantly better in
P4P group than in non-P4P group during the second 3 years,
which suggested that through PMTCSCI, subjects in P4P group
were more likely to accept insulin to achieve HbA1C target than
those in non-P4P group.
In Heart Protection Study, simvastatin reduced the rate of first

major vascular events by a quarter,[26] and atorvastatin reduced
death rate in diabetes subjects in CARDS trial.[27] Our study also
revealed that statinusewasnegativelyassociatedwithmortality and
P4P group utilized higher dose of statin than non-P4P group. In a
retrospectiveanalysis ofdiabetes subjects byHoet al,[28]medication
nonadherence was significantly associated with increased risks for
all-cause hospitalization and for all-cause mortality.
In Taiwan, from 2006 to 2011, the percentages of P4P subjects

(n=720) who had HbA1C lower than 7% (A), both systolic and
diastolic blood pressure lower than 130/80 mmHg (B), and total
cholesterol lower than 160mg/dL or LDL cholesterol lower than
11
100mg/dL (C) improved by 6.5% (from 32.4% to 34.5%),
22.0% (from 30.9% to 37.7%), and 57.8% (from 35.3% to
55.7%), respectively, with a resulting total ABC attainment rate
from 4.1% to 8.6%.[29,30]

This might be the favorable result of long-term PMTCSCI,
which was also echoed in a population study on changes in
diabetes self-care behaviors in Taiwan between 2001 and
2005.[31] People (n=1069) with diabetes in 2005 were
significantly more likely to take medication (oral tablets or
insulin injections) regularly, control their weight, reduce smoking
and drinking, exercise, control their diet, and maintain a regular
lifestyle (i.e., getting adequate sleep, not staying up too late, and
avoiding stress) than people (n=797) with diabetes in 2001.[31]

One weakness of our study is that no data of ABC from non-P4P
group was available for comparison. From the Elderly Nutrition
and Health Survey from 1999 to 2000,“dietary diversity scores
�4 and poor appetite” was associated with lower food and
nutrient intakes and an independent risk for mortality in older
Taiwanese.[32] Balanced food diversity is the essence of nutrition
education highlighted in each visit of P4P program, but its impact
on mortality could not be addressed and measured from claim
data of NHIRD.
Compared with subjects in non-P4P group in this study, those

in P4P group had significantly fewer diabetes-related hospital-
izations.[10] Therefore, during the follow-up period, no signifi-
cant difference in annual NHI health care expense existed
between 2 study groups. In terms of annual NHI care expense,
mean cost was NTD 81,223 for P4P group and NTD 74,293 for
non-P4P group in 2004, and increased to NTD 94,033 for P4P
group andNTD99,476 for non P4P group in 2009. There was no
significant difference between P4P and non-P4P groups, P=
0.430, as shown in Table 3.
4.2. Impact of comorbidities on mortality

The UKPDS looked at patients newly diagnosed with type-2
diabetes and found that for each1%reduction inHbA1C, therewas
a relative risk reduction of 21% for diabetes-related deaths.[33] In
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contrast, the ACCORD study revealed that among patients with
type 2 diabetes averaging duration of 10 years and at high risk for
cardiovascular disease, glycemic control was significantly better in
the intensive-treatment group (HbA1C, 6.4% vs 7.5%). However,
during a mean of 3.5 years of follow-up, the intensive-treatment
group had significantly higher mortality than the standard-
treatment group did,[34] which suggested HbA1C alone might
not be a good predictor of mortality.
Using data from the National Health and Human Nutrition

Examination Surveys (NHANES) III (1988–1994), body mass
index (BMI) category alone could not predict mortality, whereas
staging by the presence of risk factors, chronic disease, end-organ
damage and end-stage disabilities, the Edmonton obesity staging
system independently predicted increased mortality.[35] This
ability was independent of BMI.
Therefore, our study investigated the new onset comorbidities

during the follow-up period and analyzed their impact on
mortality. Subjects of P4P group had lower risk of cancer and
chronic kidney disease. Type 2 diabetes and cancer share many
risk factors, including aging, diet, physical inactivity and
obesity.[36] Diabetes may influence the neoplastic process by
several mechanisms, including insulin resistance, hyperinsuline-
mia, hyperglycemia, or chronic inflammation,[37] which might be
improved through medical utilization and medication use by
PMTCSCI to a greater extent in the P4P group than in the non-
P4P group. Life years saved by successful prevention of end-stage
renal disease in elderly patients with diabetes are substantial.[38]

In Taiwan, nationwide implementation of predialysis care
program and improvement of predialysis chronic kidney disease
patient care might be one of the factors for the continuous
stabilization of dialysis incidence since 2007.[39] Significantly
lower incidence of chronic kidney disease in the P4P might
decrease the incidence of end-stage renal disease and contribute
to the reduced mortality in the P4P group.
4.3. Impact of each dimension on mortality

The results revealed that the impact of P4P on mortality could be
explained by the dimension of medical utilization, and the
dimension of comorbidity, alone. Our study revealed statin use in
30.1%, and ACEI use in 28.0% of the P4P group in baseline year,
whereas among US adults with diabetes in 2005–2006, there was
51.3% statin use and 60.8% ACEI medication use, respective-
ly.[40] Underuse of statin and ACEIs in Taiwan might be one of
the reasons that the dimension of medication use alone could not
account for the impact of P4P on mortality in this study.
4.4. National Health Insurance of Taiwan

Taiwan implemented a single-payer National Health Insurance
(NHI) system in 1995; in 2008, approximately 92% of the
hospitals nationwide were contracted by NHI, and more than
99% of all Taiwanese residents, around 23 million, were covered
under NHI.[10] Utilization of medical services increased, whereas
cost remained at 5% to 6% of the gross domestic product. Total
national health expenditures in Taiwan made up 6.63% of gross
domestic product in 2012.[41] The per capita average annual
number of visits to the physician’s office was 14,[13] because of the
absence of referral requirement and free choice of health care
providers.[17] High accessibility and structured care implementa-
tion of sequential visits, one each quarter, might be 2 of the
reasons leading favorably to reduced mortality in the P4P group
compared with the non-P4P group.
12
4.5. Limitations

Certain limitations of this study require consideration. Firstly,
there was no coding for CDE physicians in NHIRD, and the
proportion of non-P4P group who were cared by CDE physicians
could not be ascertained. Secondly, some variables (e.g., health
literacy and education) could not be adjusted in the PSMapproach
used for the research participants. These uncontrolled character-
istics might contribute to the preexisting differences between the
P4P and non-P4P groups, such as compliance with physician visits
and utilization of laboratory examination. Thirdly, the data of
HbA1C, LDL-C, and blood pressure could not be compared
between the P4P group and the non-P4P group because these data
were unavailable in our study database. Fourthly, only the date of
death was available; the cause of death could not be delineated in
our data. Finally, BMI,[42] which is an important and potentially
modifiable factor associatedwithmortality or developingmobility
disability, was also unavailable in our data.

5. Conclusions

In conclusion, the P4P program significantly reducedmortality by
24% in the P4P group in comparison with the non-P4P group
during an average of 5.13 years of intervention without
increasing the medical cost. In addition, the P4P group had
significantly lower risk of cancer and chronic kidney disease.
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