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Objective: To investigate the impact of a multidisciplinary intervention on the clinical outcomes of patients with COPD.
Methods: This study retrospectively extracted the data of patients enrolled in the national pay-for-performance (P4P) program for
COPD in four hospitals. Only COPD patients who received regular follow-up for at least one year in the P4P program between
September 2018 and December 2020 were included.
Results: A total of 1081 patients were included in this study. Among them, 424 (39.2%), 287 (26.5%), 179 (16.6%), and 191 (17.7%)
patients were classified as COPD Groups A, B, C, and D, respectively. Dual therapy with long-acting β2-agonist (LABA)/long-acting
muscarinic antagonist (LAMA) was the most used inhaled bronchodilator at baseline (n = 477, 44.1%) patients, followed by LAMA
monotherapy (n = 195, 18.0%), triple therapy with inhaled corticosteroid (ICS)/LABA/LAMA (n = 184, 17.0%), and ICS/LABA
combination (n = 165, 15.3%). After one year of intervention, 374 (34.6%) and 323 (29.9%) patients had their pre- and post-
bronchodilator-forced expiratory volume in one second (FEV1) increase of more than 100 mL. Both the COPD Assessment Test
(CAT) and modified British Medical Research Council (mMRC) scores had a mean change of −2.2 ± 5.5 and −0.3 ± 0.9, respectively.
The improvement in pulmonary function and symptom score were observed across four groups. The decreased number of exacerba-
tions was only observed in Groups C and D, and not in Groups A and B.
Conclusion: This real-world study demonstrated that the intervention in the P4P program could help improve the clinical outcome of
COPD patients. It also showed us a different view on the use of dual therapy, which has a lower cost in Taiwan.
Keywords: chronic obstructive pulmonary disease, COPD, dual therapy, Disease-Specific Care – Chronic Obstructive Pulmonary
Disease, DSC-COPD, certification program, Joint Commission of Taiwan, pay-for-performance, quality-improvement

Introduction
Chronic obstructive pulmonary disease (COPD) is a common airway disease characterized by persistent respiratory
symptoms and airflow limitation. In contrast to other diseases, ie, cardiovascular disease, coronary artery disease, and
stroke, which showed decreasing burden with time, the prevalence of COPD remains high and has been continuously
a major health problem and an economic burden globally.1,2 In 2015, 2.6% of the global disability-adjusted life year
(DALY) was caused by COPD and 3.2 million people were estimated to die of COPD worldwide.2 In Taiwan, there was
no exception. The average annual prevalence of COPD in Taiwan, based on the National Health Insurance medical
reimbursement claims from 1996 to 2002, was 2.48%, with a rate up to 8.83% in those older than 70 years of age.3

A study of the impact of COPD in the Asia-Pacific region—the Epidemiology and Impact of COPD (EPIC) Asia
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population-based survey—used telephone or face-to-face interviews in 6,000 residents of the Asia-Pacific and detected
a prevalence rate of 9.5% in 207 Taiwanese patients.4 In 2019, chronic lower respiratory disease ranked as the seventh
cause of death in Taiwan, with a mortality rate of 26.7 per 100,000 population. Additionally, the in-hospital mortality rate
for COPD patients requiring hospitalization remained 4% and the 1-year mortality rate was as high as 22%.3

To improve the clinical outcome of patients with COPD in Taiwan, the Bureau of National Health Insurance (NHI)
and Joint Commission of Taiwan (JCT) implemented a Pay for Performance (P4P) program for COPD (Disease-Specific
Care – Chronic Obstructive Pulmonary Disease (DSC-COPD)) in April 2017.5 DSC-COPD certification program
provides financial incentives to motivate the participation of physicians to establish patient-centered care within their
service and to enhance the value of patient monitoring and management. A preliminary study showed that the
implementation of the DSC-COPD certification program could help reduce 14-day readmission rates (37.5%), emergency
department visit rate (31.3%), intensive care unit (ICU) admission rate (48.1%), and increase pulmonary rehabilitation
rate (49.7%).5 To provide more detailed data, the present study was conducted to investigate the impact of this
multidisciplinary intervention on the clinical outcomes of patients with COPD in Taiwan.

Methods
Study Design
The COPD P4P program was started on April 1, 2017. Our P4P team member included pulmonologist, pharmacists,
respiratory therapists, and healthcare administrator. According to the COPD P4P program guidelines, pulmonologist
enrolled patients with symptoms of cough, dyspnea with and without sputum, history of risk factors’ exposure, and
COPD was confirmed using a lung function test (postbronchodilator FEV1/FVC <70%) during a 90-day period on an
outpatient basis in the hospital. After enrolled, patients were suggested to maintain regular therapy and follow-up every 3
months with the same pulmonologist in the same hospital. Patients enrolled into P4P and received complete pharmaco-
logic and nonpharmacologic intervention included physical exercise program designed to help patients with COPD,
quitting smoking, coordinated and integration of COPD information on self-care and to prevent exacerbation.
Pulmonologist evaluated the enrolled COPD patients and adjusted their treatment and management of drug therapy. In
this study, we used severe exacerbation requiring hospitalization or emergency department visit as the definition of
COPD exacerbation. The prior history of exacerbation was counted by patients and case managers.

This study retrospectively extracted data of COPD patients who participated in the national P4P program in four
hospitals in Taiwan.5 The P4P program aims to provide a comprehensive care system and create a trilateral win-win
situation for patients, physicians, and insurers. Furthermore, the comprehensive care system was expected to improve the
quality of health care, as well as reduce emergency department visits, ICU admission, and the cost burden of COPD. The
hospitals/clinics that are enrolled in the P4P program could receive extra payments for case management, smoking
cessation success, execution of pulmonary rehabilitation, medication adherence, and reduction in COPD-related emer-
gency visits and hospitalizations. The Taiwan COPD Clinical Treatment Guideline was used to establish a unified
standard for physicians and provide evidence-based analyses of individual agents commonly used in the treatment of
COPD. Moreover, the Taiwan Society of Pulmonary and Critical Care Medicine (TSPCCM) was responsible for
conducting training certification classes to improve the skills and knowledge of physicians, case managers, and
respiratory therapists. Patients’ decision aid and self-management tools are also provided by TSPCCM.

Study Participants
Only COPD patients who received regular follow-up for at least one year in the P4P program in the four hospitals,
including Chi Mei Medical Center, Cardinal Tien Hospital, Chi Mei Medical Center Liouying branch, and Chi Mei
Medical Center Chiali branch between September 2018 and December 2020 were included in this study. Patients without
complete symptom scores in the COPD Assessment Test (CAT) and modified British Medical Research Council (mMRC)
were excluded in the study as well as those with incomplete spirometry scores in the pre- and post-bronchodilator (BD)
forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) at both pre- and post-intervention. After
obtaining the ethical approval of the institutional review board, the clinical data of patients, including demographic
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characteristics, signs and symptoms, results of initial and follow-up spirometry, number of exacerbation, and medications
especially for inhaled bronchodilator, were retrospectively collected for analysis. To avoid confounding effect of
changing inhaled bronchodilator, only patients used the same type of inhaled bronchodilator for one year were included
in this study. Therefore, the inhaled bronchodilator used at baseline was kept in use for the follow-up one year. The study
design complies with the Declaration of Helsinki ethical standards.

Statistical Analysis
Continuous variables were reported as the mean and standard deviation (SD). Categorical variables are presented as
frequency counts with percentages. In addition, the differences in baseline characteristics and clinical variables were
evaluated using Kruskal–Wallis test for continuous variables and Pearson’s chi-squared test or Fisher’s exact test for
categorical variables. For estimating the post hoc analysis, the Dunn’s test was used after the significant difference in
Kruskal–Wallis test. All statistical analyses were conducted using the statistical package SPSS for Windows (Version
26.0, IBM Corp, Armonk, NY, USA); a p value of <0.05 was considered to show statistical significance.

Results
Study Subjects
Initially, 1,137 COPD patients with regular follow-up for more than 1 year were identified from the databases of the local
P4P program. However, 56 patients did not have follow-up spirometry; thus, they were excluded. Finally, a total of 1081
patients were included in this study. Among them, 424 (39.2%) patients were classified as COPD Group A, 287 (26.5%)
as Group B, 179 (16.6%) as Group C, and 191 (17.7%) as Group D. According to their baseline spirometry, most COPD
patients were classified as GOLD grade 2 (51.6%), followed by grade 1 (24.2%) and grade 3 (21.3%). Only 31 (2.9%)
patients were classified as GOLD grade 4. Group A and B patients belonged mostly in GOLD grades I and 2, while those
in Groups C and D were under GOLD grades 3 and 4 (see Figure 1).

The demographic features and clinical characteristics of the patients at baseline are shown in Table 1. Overall, the
mean age of the participants was 70.6 ± 9.9 years and 85.4% (n = 923) of them were males. Their mean body mass index
was 24.2 ± 4.2 kg/m2. A total of 110 (10.2%) patients had a family history of COPD and 74 (6.8%) had asthma.
Hypertension was the most common co-morbidity (n = 449, 41.5%), followed by cardiovascular disease (n = 337, 31.2%)
and diabetes mellitus (n = 195, 18.0%). Further, 864 patients had a smoking history and 556 patients had quit smoking.
There was no significant difference in age, gender, allergy history, and smoking history between each group (all with
p>0.05). In contrast, the frequency of family history of COPD, underlying diabetes mellitus and cardiovascular disease,
baseline pulmonary function, symptomatic scores, and episodes of prior exacerbation varied across the groups (all with
p<0.05). As shown in Figure 2, dual therapy with long-acting β2-agonist (LABA)/long-acting muscarinic antagonist
(LAMA) was the most commonly used inhaled bronchodilator at baseline (n = 477, 44.1%), followed by LAMA
monotherapy (n = 195, 18.0%), triple therapy with inhaled corticosteroid (ICS)/LABA/LAMA (n = 184, 17.0%), and

Figure 1 The distribution of 1081 patients with COPD according to GOLD grade.
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Table 1 The Demographic and Clinical Characteristics of Patients

Variable Group A (a)
(n=424)

Group B (b)
(n=287)

Group C (c)
(n=179)

Group D (d)
(n=191)

P value Post Hoc Tests*

Age, y 70.25±9.69 71.20±10.10 69.72±9.31 71.29±10.33 0.198

Male, n (%) 357 (84.2) 244 (85.0) 154 (86.0) 168 (88.0) 0.663

BMI, kg/m2-mean±SD 24.32±3.90 23.97±4.33 24.65±4.19 23.72±4.54 0.015 (a) vs (d); (b) vs (c); (c) vs (d)

Family history of COPD, n (%) 37 (8.7) 18 (6.3) 33 (18.4) 22 (11.5) <0.001 (a) vs (c); (b) vs (c); (b) vs (d)

Smoking status

History of smoking 329 (77.6) 227(79.1) 148 (82.7) 160 (83.8) 0.244

Quit smoking 220 (51.9) 131 (45.6) 100 (55.9) 105 (55.0) 0.123

Underlying disease

Hypertension, n (%) 177 (41.4) 105 (36.6) 85 (47.5) 82 (42.9) 0.129

Cardiovascular disease, n (%) 136 (32.1) 71 (24.7) 61 (34.1) 69 (36.1) 0.035 (a) vs (b); (b) vs (c); (b) vs (d)

Diabetes mellitus, n (%) 64 (15.1) 48 (16.7) 34 (19.0) 49 (25.7) 0.015 (a) vs (d); (b) vs (d)

Chronic liver disease, n (%) 36 (8.5) 14 (4.9) 16 (8.9) 8 (4.2) 0.076

Asthma, n (%) 26 (6.1) 23 (8.0) 11 (6.1) 14 (7.3) 0.762

History of tuberculosis, n (%) 34 (8.0) 19 (6.6) 17 (9.5) 12 (6.3) 0.595

Occupational lung disease, n (%) 3 (0.7) 3 (0.7) 1 (0.6) 0 (0) 0.573

Thoracic surgery, n (%) 11 (2.6) 4 (1.4) 4 (2.2) 6 (3.1) 0.613

Baseline lung function

Pre-BD-FEV1 (L) 1.58±0.56 1.42±0.55 1.36±0.57 1.18±0.48 <0.001 (a) vs (b); (a) vs (c); (a) vs (d) (b) vs (d); (c) vs (d)

Pre-BD-FEV1 (%) 67.05±19.62 61.80±22.40 57.54±18.85 51.95±20.14 <0.001 (a) vs (b); (a) vs (c); (a) vs (d) (b) vs (c); (b) vs (d);

(c) vs (d)

Pre-BD-FEV1/FVC (%) 56.18±10.49 53.91±11.60 52.19±11.08 49.33±11.78 <0.001 (a) vs (b); (a) vs (c); (a) vs (d) (b) vs (c); (b) vs (d);

(c) vs (d)

Post-BD-FEV1 (L) 1.67±0.56 1.51±0.55 1.45±0.52 1.27±0.51 <0.001 (a) vs (b); (a) vs (c); (a) vs (d) (b) vs (d); (c) vs (d)

Post-BD-FEV1 (%) 70.87±19.5 65.93±22.62 62.17±19.41 56.01±21.13 <0.001 (a) vs (b); (a) vs (c); (a) vs (d) (b) vs (d); (c) vs (d)
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Post-BD-FEV1/FVC (%) 56.94±10.64 54.56±12.10 53.44±11.29 49.92±12.79 <0.001 (a) vs (b); (a) vs (c); (a) vs (d) (b) vs (d); (c) vs (d)

CAT score 5.48±2.41 12.52±4.46 5.41±2.24 14.62±5.78 <0.001 (a) vs (b); (a) vs (d); (b) vs (c) (b) vs (d); (c) vs (d)

mMRC score 0.78±0.43 1.77±0.79 0.83±0.40 2.33±0.75 <0.001 (a) vs (b); (a) vs (d); (b) vs (c) (b) vs (d); (c) vs (d)

Episode of COPD exacerbation in
prior year

0.16±0.37 0.29±0.54 2.88±1.86 3.88±4.90 <0.001 (a) vs (b); (a) vs (c); (a) vs (d) (b) vs (c); (b) vs (d)

Notes: *The post hoc tests were used to show the specific difference between groups as the p-value of overall had statistical significance. a: Group A, b: Group B, c: Group C, d: Group D.
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ICS/LABA combination (n = 165, 15.3%). In addition, 16 (1.5%) patients did not use inhaled bronchodilator and 23
(2.1%) patients used short-acting beta agonist (SABA). Dual therapy was the most commonly used inhaled bronchodi-
lator in more than 40% of the patients in each COPD group.

Clinical Outcomes After One-Year Intervention
Table 2 shows the change in pulmonary function, symptomatic scores, and episode of exacerbation between the baseline
and after one year. After a year of intervention, 374 (34.6%) and 323 (29.9%) patients had their pre- and post-BD-FEV1

increase of more than 100 mL. Both the CAT and mMRC scores had a mean change of −2.2 ± 5.5 and −0.3 ± 0.9,
respectively. The improvements in pulmonary function and symptom score were observed across four groups. Group
C had the most significant improvement in pulmonary function (38.5%), while Groups B and D had more improvement
in symptom scores than Groups A and C. The decrease in the risk of exacerbation was only observed in Groups C and D,
and not in Groups A and B.

Discussion
This real-world study investigated the impact of a multidisciplinary intervention for patients of COPD in Taiwan and
found several significant findings. Overall, the P4P program was found to help improve pulmonary function and reduce

Table 2 The Change of Pulmonary Function, Symptom Score and Number of Exacerbations Between Baseline and One-Year Follow-Up

Group A (a)
(n=424)

Group B (b)
(n=287)

Group C (c)
(n=179)

Group D (d)
(n=191)

P value Post Hoc Tests*

∆Pre-BD-FEV1 >100 mL,
n (%)

146 (34.4) 85 (29.6) 77 (43.0) 66 (34.6) 0.033 (a) vs (c); (b) vs (c)

∆Post-BD-FEV1 >100 mL,
n (%)

123 (29.0) 70 (24.4) 69 (38.5) 61 (31.9) 0.011 (a) vs (c); (b) vs (c)

∆CAT score −0.45±3.83 −4.34±6.10 −0.37±3.63 −4.81±6.63 <0.001 (a) vs (b); (a) vs (d);

(b) vs (c); (c) vs (d)

∆mMRC −0.01±0.67 −0.69±1.06 0.06±0.71 −0.78±1.0 <0.001 (a) vs (b); (a) vs (d);

(b) vs (c); (c) vs (d)

∆ Number of exacerbations/
patient/year

0.29±1.17 0.60±2.41 −0.91±2.71 −0.70±4.69 <0.001 (a) vs (c); (a) vs (d);

(b) vs (c); (b) vs (d);
(c) vs (d)

Notes:*The post hoc tests were used to show the specific difference between groups as the p-value of overall had statistical significance. a: Group A, b: Group B, c: Group
C, d: Group D.

Figure 2 Inhaled bronchodilator uses according to COPD group.
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the symptom scores of COPD patients after one year. In addition, it was observed that it could reduce the risk of COPD
exacerbation among Groups C and D patients. These findings were consistent with previous studies that assessed the
impact of COPD care programs on the outcome of COPD patients.6–9 In the US, the implementation of the Hospital
Readmissions Reduction Program (HRRP) resulted in a reduction in the 30-day all-cause readmission rate during the
implementation period compared with the preannouncement phase (18.74% vs 20.54%).6 In Korea, the COPD Quality
Assessment Program (CQAP) was launched in 2014 and, the risk of admission and all-cause mortality rate in the
assessed subjects group were significantly reduced by 21.2% and 40.7%, respectively, compared to the not-assessed
subjects group.9 In Greece, they implemented an intervention that is comprised of 6 weeks of exercise and education
sessions supervised by physiotherapists, nurses, and general practitioners. Clinically important improvements in all
outcomes after intervention were documented such as mean differences (95% CIs) for COPD Questionnaire: −0.53
(−0.81, −0.24), CAT: −5.93 (−8.27, −3.60), St. George’s Respiratory Questionnaire: −23.00 (−29.42, −16.58), Patient
Health Questionnaire-9: −1.10 (−2.32, 0.12), Incremental Shuttle Walking Test: 87.39 (59.37, 115.40).8 In summary,
programs for COPD patients,6–9 including the P4P program in Taiwan have been shown to help improve the clinical
outcome of COPD patients.

In this study, dual therapy with LABA/LAMAwas the most common type of long-acting bronchodilator, with over
40% of the patients in Groups A, B, C, and D were using it. This is different from the GOLD guideline,10 in which dual
therapy was recommended as one of the initial treatments for Group D patients. According to the clinical recommenda-
tions of the American Thoracic Society for the pharmacologic treatment of COPD patients,11 dual therapy with LABA/
LAMA can help decrease exacerbation and hospitalization, and improve dyspnea and quality of life better than
monotherapy. Although this panel also noted that dual therapy is more expensive than long-acting bronchodilator
monotherapy, and that this could pose health-equity challenges to patients of limited means who might be unable to
obtain the drug because of cost or lack of availability, Taiwan has a totally different condition. Under the National
Health Insurance in Taiwan, dual therapy was even cheaper than monotherapy and all patients could obtain medical
treatment at a low cost. Therefore, this situation resulted in more COPD patients using dual therapy in Taiwan, as
observed in the present study. In addition, non-adherence to the guideline is not uncommon in real-world studies.12–16

In Belgium, a random survey of 386 general practitioners (GPs) and 86 pulmonologists reported that 49% of GPs and
25% of pulmonologists used ICS considerably more often than recommended by the guidelines; with some even
prescribing them to all their COPD patients.12 A similar situation of ICS overtreatment was observed in a Swiss
teaching hospital.13 Another survey of 364 subjects using the Geisinger Health System database disclosed that 39 of 68
patients who used dual therapy with LABA/LAMAwere non-adherent to current GOLD guidelines.14 In addition, non-
adherence to the GOLD guideline was observed in 180 of 387 patients who were using LABA/ICS, and 25 of 57
patients who were using triple therapy.14 Non-adherence to the guideline may be associated with a worse outcome than
guideline adherence.14,16–18 However, this kind of scenario might be different in the present study, in which low-cost
dual therapy could be more effective than monotherapy for COPD patients with low disease activity. This kind of
management was supposed to be associated with a better outcome of COPD patients; however, further study is needed
to clarify this issue.

COPD patients in group D, characterized with high number of moderate or severe exacerbations and symptoms, the
initial therapy can combine LABA/LAMA bronchodilation therapy. In case of further exacerbations or increased
symptoms, they considered to prescript for triple therapy (LABA/LAMA/ICS) according to treatment guidelines.
A similar result was also found in previous study. A study aimed to assess the adherence to a COPD treatment guideline
among patients in Hong Kong19 based on Global Initiative for Chronic Obstructive Lung Disease (GOLD) guideline
published in 2011 and they showed 65.7% of groups D patients received LABA/LAMA/ICS and 20.8% of groups
D patients received LABA/ICS. ICS are usually prescribed in patients with COPD who experience frequent exacerba-
tions. However, we know that patients with COPD and eosinophilic inflammation tend to respond to ICS and not all
patients with COPD have a beneficial to ICS treatment. LABA/LAMA bronchodilation can reduce COPD exacerbations,
add-on ICS therapy to treat COPD should be restricted to patients who are more likely to benefit.20

There were several limitations in this study. First, the number of patients was limited and the analyses were based on
the data collected in four hospitals in Taiwan. Thus, our findings might not be generalized to other countries or
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populations. Second, we only included patients with regular follow-up for one year, which made it difficult to assess the
impact of the P4P program on mortality. Third, most of the patients in this retrospective study did not have some of the
data needed for further analysis, so we could not assess the confounding effect of biomarkers, especially eosinophil
counts. Fourth, the confounding effect of smoking did not evaluate in this study.

Conclusion
According to the Official American Thoracic Society Clinical Practice Guideline, dual therapy was strongly recom-
mended for in patients with COPD and dyspnea or exercise intolerance,11 particularly in Taiwan, where dual therapy is
cheaper than mono-therapy. This real-world study demonstrated that the intervention of the P4P program can help
improve the clinical outcome of COPD patients. It also provided a different view regarding the use of dual therapy, which
is considerably cheaper in Taiwan than in other countries making it readily available for mass usage.

Disclosure
The authors report no conflicts of interest in this work.
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