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Introduction: Traditional Chinese medicine (TCM) is becoming increasingly important as it provides further options for treating
many diseases worldwide. The TCM “Yupingfeng” has been used in China for over 800 years, and its clinical efficacy and safety for
COPD treatment have been proven in previous studies. The objective of this study was to compare the long-term cost-effectiveness of
Yupingfeng granules and the current conventional treatment for COPD patients in China.

Methods: A Markov model was constructed from the perspective of the Chinese healthcare system using TreeAge Pro 2011. The
model cycle length was 12 months, and the cycle time was set to 10 years. Data from a randomized controlled trial were used to
generate the number of acute exacerbations, COPD assessment test (CAT) score and actual medication used. The state transition
probabilities, costs and quality-adjusted life years (QALYs) were derived from available sources. A threshold of 72,447 yuan per
QALY gained was used as a cost-effectiveness criterion. One-way and probabilistic sensitivity analyses were conducted to verify the
model. In addition, the cost-effectiveness of a 35-year cycle was evaluated as a scenario analysis.

Results: In the basic-case analysis, the ICER of adding Yupingfeng granules to the current conventional treatment drugs was
¥2123.04 per QALY, which was less than the threshold (one-time per capita GDP).Sensitivity analyses showed the results to be
robust. Probabilistic sensitivity analysis showed that the probability of the ICER being less than the one-time per capita GDP threshold
was 100%. In the scenario analysis, the incremental cost-effectiveness was ¥12,051.27 per QALY which was also under the one-time
per capita GDP.

Conclusion: By reducing the number of acute exacerbations of COPD, thereby correspondingly reducing the follow-up treatment
cost, Yupingfeng granules combined with conventional treatment were found to provide a cost-effective therapeutic strategy for
COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common, preventable and treatable disease that is characterized by
persistent respiratory symptoms and airflow limitation due to airway and/or alveolar abnormalities usually caused by
significant exposure to noxious particles or gases. Chronic obstructive pulmonary disease is currently the fourth leading
cause of death worldwide and, among diseases, is estimated to cause the largest economic burden in China.! COPD kills
more than 3 million people worldwide every year.” Epidemiological studies have shown that the prevalence of COPD
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among people 40 years and older in the population is significantly higher than that in the younger population.® Patients
with acute exacerbations of COPD generally experience aggravated symptoms such as cough, wheezing, and shortness of
breath. Some patients also have symptoms such as fever. If the condition continues to progress, heart failure and organ
dysfunction may develop secondary to COPD.* A major factor that affects COPD-related mortality is the acute
exacerbation of COPD (AECOPD).” Consequently, effective prevention and control of acute attacks play an important
role in the management of COPD.

Traditional Chinese medicine (TCM) is becoming increasingly important, providing further options for the treatment
of many chronic diseases, including COPD, worldwide. The TCM “Yupingfeng” is a classic traditional Chinese medicine
prescription and has been used in China for over 800 years. The main ingredients of Yupingfeng are Astragalus,
Atractylodes, and Fangfeng.® Its main functions are to invigorate qi, consolidate exterior and stop sweating, for patients
who have exterior asthenia instability, spontaneous sweating, aversion to wind, pale complexion or deficiency susceptible
to wind evil.”* At present, several randomized controlled trials (RCTs) have proven the positive effect of Yupingfeng in
the treatment of cough variant asthma;’ additionally, some studies have shown that Yupingfeng granules combined with
Western medicine treatment can reduce the rate of acute asthma attacks.'®

In 2018, an RCT conducted by Ma and others® showed that Yupingfeng granules provided an additional option for
COPD treatment; the addition of Yupingfeng treatment can effectively prevent acute exacerbations of COPD. At the
same time, Yupingfeng granules have been proven to have a good safety profile. However, additional treatments were
often accompanied by an additional economic burden. Until now, there has been a little evidence that traditional Chinese
medicine treatment of COPD is cost-effective in China. Therefore, our study aimed to assess the cost-effectiveness of
adding Yupingfeng granules to the current drug treatments for COPD patients in China.

Materials and Methods

Intervention

Some of the data in this study came from a Phase III randomized clinical trial.® The RCT followed a double-blind, double-
simulation, parallel-group, multicentre study design. In the RCT, eligible patients were randomly assigned to one of two
groups, the Yupingfeng group or the placebo group. The patients in the Yupingfeng group took Yupingfeng granules (5 g, three
times daily) orally, while the control group took the well-designed placebo orally (5 g, three times daily).

If patients took short-acting or long-acting bronchodilators (including B2 agonists, anticholinergics, and theophylline),
inhaled glucocorticoids, mucolytics, or antitussives before the study, they could continue to use them during the study,
and the dose and type remained the same throughout. For those who took theophylline routinely before the study, their
medication was uniformly replaced with theophylline sustained-release tablets. The patients who did not take medicine
before entering the study were all given theophylline sustained-release tablets, and other medicines were not taken. When
AECOPD occurred in the trial, the patients were treated according to the conventional treatment for AECOPD.®

Model Description and Structure

A multistate Markov model was constructed from the perspective of the Chinese health care system using Treeage Pro 2011
(Figure 1). The Markov model was used to calculate the cumulative cost and cumulative effect of the two drug treatment
programs and then compare the long-term cost-effectiveness of the two programs. The Markov model included four disease
states: stable phase, nonsevere exacerbations, severe exacerbations, and death. The transition to different states was
determined by the number of acute exacerbations during the RCT and from related research reports. We defined disease
severity, nonsevere exacerbations and severe exacerbations according to the need for extra medical resources. With reference
to the COPD GOLD report (2021 GLOBAL STRATEGY FOR PREVENTION, DIAGNOSIS AND MANAGEMENT OF
COPD), the ABCD grouping is based on the symptoms and the history of acute exacerbations. This study defined the number
of acute exacerbations from 0 to 1 per year without hospitalization as a nonsevere exacerbation, and more than 1 or 2 acute
exacerbations was defined as a severe exacerbation. Severe exacerbation leads to hospitalization and the need to pay additional
hospital treatment costs. The model’s operating time limit was a difference, subtracting the average age in the trial population
(67.8 years old) from the average life expectancy in China in 2019(77.3 years old). The baseline characteristics of patients in
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Figure |1 Markov bubble chart of Yupingfeng granules in the treatment of chronic obstructive pulmonary disease. We set the following assumptions for the model: a. The
nonsevere exacerbation stage was a relatively stable period during the longer disease course of COPD. Therefore, the mortality rate in the nonsevere exacerbation period
was assumed to be the natural mortality rate of the Chinese population. b. Referring to relevant literature at home and abroad, it is shown that most patients in the
nonsevere exacerbation stage will return to the stable stage after treatment. Therefore, the model sets the transfer branch from the nonsevere exacerbation stage to the
stable stage. In addition, most treatments will make patients in the nonsevere exacerbation stage return to the stable stage. We assumed that the transition probabilities
from the nonsevere exacerbation phase to the stable phase were the same between the two treatment regimens in this study. c. Since severe exacerbation was defined as
the need for hospitalization, it is assumed that returning from the severe exacerbation period to the stable period was difficult, and only the path from the severe
exacerbation period to the current state or death was set. d. It was assumed that in one year, each state generated two medical service fees and examination fees. An
additional outpatient treatment fee was required in the nonsevere exacerbation period, and an additional inpatient fee was required in the severe exacerbation period.

the model were obtained from an RCT of Yupingfeng granules in patients with COPD.° Therefore, the model cycle length was
12 months, and the cycle time was set to 10 years.

Data Sources

Health Care Costs

Costs are measured according to the research perspective. Considering that the research perspective of this study is the
Chinese health care system perspective, only direct medical costs were included in the model, including drug acquisition,
general practitioner treatment, laboratory inspection costs, and extra cost of treatment during exacerbation.

The costs involved, their sources, and interval settings are shown in Table 1. The cost item refers to previous
pharmacoeconomics research on COPD.'! The drug cost refers to the real-world patient’s medication situation, and the
median price of the drug’s bid price was selected for calculation.'> The general practitioner’s diagnosis cost refers to the
price of medical services in Beijing. The rest of the prices are from published literature (Appendix I).

Transition Probabilities

The transition probability was estimated as the probability of patients switching from one treatment to another. Based on
a multicentre RCT study conducted in China, the transition probability of COPD patients was measured from the stable
phase to the nonsevere exacerbation phase, severe exacerbation phase, or death state. Other transition probabilities were
derived from publicly available sources. The natural population mortality rate was from the “China Population and
Employment Statistics Yearbook 2019”: National Death Population Status by Age and Sex (2019) (Table 2).

Quality-Adjusted Life Years

A quality-adjusted life year (QALY) is an index that represents effects in this model and was calculated using life years
multiplied by health preference utility. Mapping algorithms can be used to predict EQ-5SD-3L utilities from the COPD
Assessment Test (CAT), which was measured in the RCT. The mapping formula was used to calculate the health utility
value of each state. The mapping model was developed using the EQ-5D-3L utilities as the dependent variables and the
scores of each of the eight CAT items as the explanatory variables, which were derived from Korean data because no
Chinese population-based mapping model was available. The mapping formula was as follows (Table 3):16

EQ-5D-3LUtility=1.0661-0.0103Q3—-0.0120Q4—0.0168Q5-0.0255Q6—0.0125Q8
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Table | Markov Model Cost Parameters and Sources

Item In-Model Cycle Cost/ Deterministica Distribution Source
Parameters Year/Person(¥) L. .
Low Limit Upper Limit

Stable phase-maintenance treatment

Medicine Yupingfeng group® c_YU 5836.434 5252.791 6420.077 Gamma: [6,12]
a=384p=0.07

Placebo group® C_CONTROL | 4234.834 3811.351 4658317 Gamma: [6,12]

a=384p=0.09

Treatment? C_View 120 108 132 Gamma: Appendix |
a=384p=6.4

Laboratory Spirometry C_sp 90 8l 99 Gamma: [rn

inspection® a=384p=8.5

Extra cost of treatment during exacerbation

NSE Outpatientf C_out 567.01 510.309 623.711 Gamma: [
=384p=0.68

SE Hospitalization® C_in 20610.84 18549.756 22671.924 Gamma: [
=384p=0.02

Notes: *Deterministic values are % 10% of the base value. ®"Medicine cost of Yupingfeng group include Yupingfeng Granules and conventional treatment. “Medicine cost of the
placebo group included only conventional treatment. “The cost of general practitioner treatment. “The cost of laboratory inspection costs. fAverage cost of outpatient visits
per time. 8Average hospitalization expenses/time.

Abbreviations: NSE, Nonsevere exacerbations; SE, Severe exacerbations.

Willingness to Pay (Threshold Value)

With reference to the “China Guidelines for Pharmacoeconomic Evaluations (2020)”'" and the World Health
Organization (WHO) guidelines, (1) if the incremental cost-effectiveness ratio (ICER) was < GDP per capita, then the
incremental cost is worthwhile; (2) if the ICER fell between the GDP per capita and three times the GDP per capita, then
the incremental cost is acceptable; and (3) if the ICER was > three times the GDP per capita, then the incremental cost is
not worthwhile. This study set one-time per capita GDP as the threshold value for willingness-to-pay (WTP). The
2020 per capita GDP was ¥72,447 in China according to official data from the National Bureau of Statistics.'®

Discounting
The baseline discount rate was 5% according to the China Guidelines for Pharmacoeconomic Evaluations (2020).'” The
lower and upper limits of the sensitivity analysis were set to 0% and 8%, respectively.

Sensitivity Analysis and Scenario Analyses

One-Way Sensitivity Analysis

In the one-way sensitivity analysis, the varied range of the input value in the model was + 10% of the basic value. With
reference to most of the previously published studies, the discount rate’s variation range was set to 0—8%. One-way
sensitivity analysis was used to identify the key factors that affected the results. A one-way analysis tornado diagram was

used to summarize the results.

Probabilistic Sensitivity Analysis

Probabilistic sensitivity analysis (PSA) applied Monte Carlo simulation. The results of 1000 simulations of simultaneous
changes in the study parameters within a certain variation range are shown. The simulation analysed the effect of
simultaneous changes in different parameters on the results and the effect of changes in thresholds on the final decision.
The Monte Carlo simulation scatter plots and cost-effectiveness acceptability curves clearly showed the result.
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Table 2 Markov Transition Probability Parameters and Sources

Parameter Parameter in Probability | Deterministic® Distribution Source
Model

Lower Limit | Upper Limit

Stable Phase

Stable Phase Yupingfeng pl_A 0.35 0.315 0.385 Beta:a=250p=464 [6]
Group
Placebo p2_B 0.342 0.3075 0.375833334 Beta:a=253p=487 [6]
Group
Nonsevere Yupingfeng p3_A 0.367 0.33 0.403333334 Beta:a=2433=420 [6]
Exacerbations Group
Placebo p4_B 0.2 0.18 0.22 Beta:a=307p=1229 [6]
Group
Severe Yupingfeng p5_A 0.283 0.255 0.311666666 Beta:a=275p=696 [6]
Exacerbations Group
Placebo p6_B 0.458 0.4125 0.504166666 Beta:a=2083=246 [6]
Group
Death / p7 0.00 0.00 0.0l [6]

Nonsevere Exacerbations

Stable Phase p8 0.783 0.704978775 0.861640725 Beta:oa=83 =23 [13,14]

Severe p9 0.217-P-D 0.187956225 0.229724275

Exacerbations

Death Natural plo 7.85%o 0.007065 0.008635 Beta:o=381 3=48,172 | Appendix 2
Mortality

Severe Exacerbations

Severe pll 0.852 0.7667361 0.9371219
Exacerbations
Death pl2 0.148 0.1332639 0.1628781 Beta:o=327 =1883 [13,15]

Note: *Deterministic values are +10% of the base value.

Scenario Analysis

According to an epidemiological study of COPD,'” COPD is prevalent among individuals 40 years old or older in China.
A meta-analysis from China of the prevalence of COPD among adults aged 40 years and older also supported this
conclusion.”® A study showed that the loss of life due to COPD is 2.13 years,?! and the average life expectancy in China
was 77.3 years old.?* Therefore, the model cycle time limit was set to 35 years in the scenario analysis to further explore

the applicability of the analysis results in practical situations.

Table 3 Utility Parameters and Sources

Utility Parameter in Model Estimate Deterministic® Distribution Source

Lower Limit Upper Limit

Stable Phase U_stable 0.9723 0.8751 1.0695 Beta:a=10.6 =0.3 [16]
Nonsevere Exacerbation U_noserious 0.9708 0.8737 1.0678 Beta:o=11.2 p=0.3 [16]
Severe Exacerbation U_serious 0.9606 0.8645 1.0567 Beta:o=15.1 =0.6 [16]
Death U_death 0

Note: *Deterministic values are +10% of the base value.
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Table 4 Cost-Effectiveness of Yupingfeng Group Compared with Placebo Group

Treatment Group | Cost, ¥ QALYs | Incremental Cost, ¥ | Incremental QALYs | ICER ¥/QALYs

Base-case analysis

Control group 103,355.81 5.34

Yupingfeng group 104,346.93 | 5.81 991.12 0.47 2123.04
Scenario analysis

Control group 126,121.16 | 6.22

Yupingfeng group 135,409.54 | 6.99 9288.38 0.77 12,051.27

Abbreviations: ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years.

Results

Base-Case and Scenario Analyses

The results of the base-case and scenario analyses are shown in Table 4. In the base-case analysis, lifetime costs per
patient and QALYs in the Yupingfeng group were ¥104,346.93 and 5.81 compared with ¥103,355.81 and 5.34,
respectively, in the control group. The strategy of adding Yupingfeng would incur an additional cost of ¥991.12 and
gain 0.47 extra QALYs. The use of Yupingfeng combined with western medicine for COPD was cost-effective, with an
incremental cost-effectiveness ratio of ¥2123.04 per quality- adjusted life year gained. The ICER was less than the set
threshold of ¥72,447/QALY. Scenario analyses showed that adding Yupingfeng to routine treatment was also cost-
effective, with an incremental cost-effectiveness ratio of ¥12,051.27 per quality- adjusted life year gained.

One-Way Sensitivity Analysis

Results of the one-way sensitivity analysis are shown in Figure 2. The top five variables that influenced the results of the
cost-effectiveness analysis were: the medicine cost of the Yupingfeng group, the cost of conventional treatment medicine,
the transition probability of the stable phase-severe exacerbation state in the Yupingfeng group, the transition probability
of the stable phase-stable phase in the placebo group, and the average hospitalization expenses every time. However,
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Figure 2 One-way sensitivity analysis tornado diagram.

Notes: The influencing factors from highest to lowest are: a:C_YU, the medicine cost of Yupingfeng group; b: C_CONTROL, the cost of conventional treatment medicine;
c: p5_A, the transition probability of the stable phase-severe exacerbation state in the Yupingfeng group; d: p2_B, the transition probability of the stable phase-stable phase in
the placebo group; e: C_in, the average hospitalization expenses every time; f: p4_B, Stable phase-nonsevere exacerbation transition probability of the placebo group; g:
udiscount, discount rate; h: pl2, Severe exacerbation-death transition probability; i: p9, Nonsevere exacerbation-severe exacerbation transition probability; j: pI_A, Stable
phase-stable phase transition probability of the Yupingfeng Group; k: p7, Stable phase-death transition probability; I: U_stable, Stable phase utility value; m:U_serious, Severe
exacerbation utility value; n: U_noserious, Nonsevere exacerbation utility value; 0:C_out, Average cost of outpatient visits/time; p: pl0, Nonsevere exacerbation-death
transition probability; q: C_View, the cost of general practitioner treatment; r: C_sp, the cost of laboratory inspection costs; s: p8, Nonsevere exacerbation-stable phase
transition probability; t: p6_B, Stable phase-severe exacerbation transition probability of the placebo group; u: p3_A, Stable phase-nonsevere exacerbation transition
probability of the Yupingfeng Group; v: pl |, Severe exacerbation-severe exacerbation transition probability.
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Figure 3 Monte Carlo simulation pseudoscatter plot.

within the upper and lower limits, the cost-effectiveness ratio was less than the WTP threshold. One-way sensitivity
analyses showed that varying any parameters over a plausible range did not substantially change the results.

Probabilistic Sensitivity Analysis

The ICER scatter plot shows the 1000 simulation results, as shown in Figure 3. The slope of each point in the graph
relative to the origin represents the simulated ICER value at that point. The slash in the figure represents the per capita
GDP of China (¥72,447). As seen from the figure, 100% of the scatter points are located at the lower right side of the
line, which means that all simulated points are less than the set threshold. The results of the cost-effectiveness
acceptability curve are shown in Figure 4. The probabilistic sensitivity analysis showed that at willingness-to-pay
thresholds greater than ¥11,250 roughly per quality-adjusted life year gained, a strategy of adding Yupingfeng granule
is favored. At the ¥72,447 per quality-adjusted life year gained threshold, there is a 100% likelihood that a strategy
employing Yupingfeng granule for COPD is favorable.

Discussion

COPD is a common respiratory disease. The pathogenesis of COPD is closely related to airway inflammation, airway
mucus hypersecretion, oxidative/antioxidant imbalance, ciliary dysfunction, and immune imbalance, among which
inflammatory factors play an important role. Studies have shown that the peripheral blood T lymphocyte subsets in
patients with stable COPD are disordered and that the cellular immune function of the body is significantly reduced,
mainly manifesting as abnormally reduced levels of CD4+ and CD4+/CD8+ and abnormally increased levels of CD8+.
This may be one of the reasons why patients with stable COPD are prone to repeated exacerbations.”’

The TCM “Yupingfeng” is a well-known prescription that is mainly used for immune regulation and anti-inflammation.**
Increasing the numbers of CD4+ and CD8+ T-cell subsets in the blood and increasing the numbers of CD4+/CD8+ cells can
regulate immune disorders.”> 2’ Yupingfeng granules can improve immunity, improve symptoms and anti-allergy and prevent
recurrence,”™*’ which may explain the pharmacological reasons why they can be used to treat COPD. The RCT conducted by
Ma and others® also confirmed that Yupingfeng is more effective for the stable period of COPD because it improves the body’s
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immunity and reduces the number of acute attacks; moreover, it was found to be safer because of its mild mechanism of action.
In recent years, traditional Chinese medicine has played an increasingly important role in the treatment of diseases because of
its unique role and high levels of safety. For example, during the COVID-19 outbreaks, TCMs were proven to be effective®*!
and are listed in China’s anti-COVID-19 pneumonia guidelines.’* >* The economic aspect of TCMs is increasingly taken into
consideration by medical decision-makers.

A study® by Jiansheng Li et al compared the effectiveness and economic evaluation of three treatments of COPD:
conventional Western medicine, TCMs (Bu-Fei granule, Bu-Fei Jian-Pi granule, Bu-Fei Yi-Shen granule, and Yi-Qi Zi-
Shen granule), and a combination of both conventional Western medicine and TCM treatments. It found a combination of
conventional medicine and TCM treatment is the most suitable for COPD patients, with better efficacy and economy.
However, this study did not report the economic evaluation results with sufficient data. Two studies reported the
economic evaluation results of TCM Yupingfeng. In the treatment of upper respiratory tract infection in children,
Yupingfeng granule combined with conventional treatment has higher efficacy than conventional treatment, and health-
care spending is reduced.*® In the treatment of postchemotherapy hyperhidrosis, adding the Yupingfeng to the routine
therapy makes the effect faster without increasing the cost.*’

Similarly, the results in this study showed that regardless of whether the cycle time was 10 years or 35 years, the
ICER of the Yupingfeng group compared with that of the placebo group was lower than one-time the per capita GDP of
China in the long term. Adding Yupingfeng Granules had more economical advantages in the long term because of the
significant clinical benefit and improved quality of life. Therefore, combining traditional Chinese medicines with
chemical medicines is a more cost-effective strategy in the treatment of COPD. This can be used as evidence for clinical
decision-makers to improve treatments.

In this study, the models were divided according to the number of acute exacerbations during the RCT, with reference
to the ABCD group in the COPD GOLD report (2021 GLOBAL STRATEGY FOR PREVENTION, DIAGNOSIS AND
MANAGEMENT OF COPD). Due to the particularity of TCM, as well as to ensure experimental rigor, the 1% forced
expiratory volume value was not used in this study. Although the 1% distinction has usually been used to classify disease
progression into severity in COPD studies, it was not necessarily applicable in studies of TCM considering the difference
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in the effects between TCM and chemical medicines. Instead, the model was divided into four disease states: stable
phase, nonsevere exacerbations, severe exacerbations, and death. Nonsevere exacerbations and severe exacerbations
correspond to different degrees of consumption of additional resources.

A mapping formula was used to convert the CAT score into a utility value in this study. Instead of taking the
commonly used EQ-5D-3L or EQ-5D-5L utility scale, we used the CAT scale, which is an admittedly special-purpose
assessment scale for COPD. Data availability was considered, and we believed that scales applicable to specific diseases
were more accurate. In addition, the model including the selected CAT items provided more accurate estimates than the
total CAT score model.

However, this study also had certain limitations due to data and methodological deficiencies. First, the Markov model
was created on the condition that certain assumptions ideally hold. For instance, it was assumed that the remission rate was
the same from the nonsevere exacerbation phase to the stable phase between the Yupingfeng group and the control group.
Moreover, mortality during nonsevere exacerbations was assumed to be natural mortality. Therefore, these assumptions
affected the extrapolation of the results to some extent. Second, due to the unavailability of some cost data, the sources of
cost parameters were inconsistent, which may affect the results to a certain extent. Third, this study was carried out as
a clinical trial, and the follow-up time was relatively short. Finally, the mapping formula used utility calculations from
Korean research, which may be potentially different from those from the Chinese population in some respects.

Conclusion
By reducing the number of acute exacerbations of COPD, thereby correspondingly reducing the follow-up treatment cost,
Yupingfeng granules combined with the conventional treatment provided a cost-effective therapeutic strategy for COPD.

Trial Registration and Ethics

This trial which the study based on was registered in the Chinese Clinical Trial Registry (http://www.chictr.org.cn;
registration number: ChiCTR-IPR-15007023). The trial was approved by the local medical ethics committee of the First
Affiliated Hospital of Guangzhou Medical University, Beijing Friendship Hospital Affiliated with Capital Medical
University, Zhongshan Hospital Affiliated with Fudan University, the Affiliated Hospital of Guizhou Medical
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