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Background: Clinical pharmacists play a significant role in clinical practice, but their work in the clinical pathway (CP) of acute 
exacerbations of chronic obstructive pulmonary disease (AECOPD) remains undefined.
Methods: This prospective study included patients who met the discharge criteria during hospitalization at the department of 
respiratory medicine of the Second Affiliated Hospital of Fujian Medical University from March to December 2017 (no pharmacists 
involved) and from March 2018 to January 2019 (pharmacists involved). The adverse drug reaction (ADR) reporting rate, the average 
DDD number of antibacterial drugs, the per capita cost of pharmaceutical services, and the benefit-cost ratio (B/C) were analyzed.
Results and Discussion: Eighty participants were enrolled during the traditional period and eighty-five participants during the 
clinical pharmacist period. The average hospital stays (9.2±0.4 vs 10.7±0.6 days, P=0.032), the total cost of hospitalization expenses (¥ 
14,058±826 vs ¥ 18,765±1434, P=0.004), the total cost of drugs (¥ 5717±449 vs ¥ 8002±755, P=0.004), and cost of antimicrobial 
drugs (¥ 3639±379 vs ¥ 5636±641, P=0.007) were all lower in the clinical pharmacist group than in the traditional group. The B/C was 
10.38 and 5.05 in the total cost of hospitalization expenses and the total cost of drugs, respectively. The clinical pharmacists’ 
participation was independently associated with the total cost of hospitalization expenses (β=−0.201, 95% confidence interval: −0.390, 
−0.055, P=0.010).
What is New and Conclusion: The participation of the clinical pharmacist in implementing an AECOPD CP significantly reduces 
patients’ hospitalization days, the total cost of hospitalization expenses, and antibiotic use and improves the B/C of AECOPD 
management. The clinical pharmacists’ participation was independently associated with the total hospitalization expenses.
Keywords: clinical pharmacist, acute exacerbation of chronic obstructive pulmonary disease, clinical pathway, pharmaceutical 
services, cost-benefit analysis

What is Known and Objective
Chronic obstructive pulmonary disease (COPD) is a common, preventable, and treatable disease characterized by persistent 
respiratory symptoms and airflow restriction.1 COPD prevalence among Chinese adults >20 years of age is 8.6%, and 13.7% 
among adults >40 years.2 Acute exacerbation of COPD (AECOPD) is characterized by respiratory symptoms worsening 
sharply beyond normal daily variations to the extent of requiring a change in therapy.1 It is often accompanied by a continuous 
decline of lung function, an important event during COPD and an important determining factor of mortality in such patients.3 

In-hospital mortality for patients with COPD exacerbations is around 2.5% in general and 10% with hypercarbia;4 all-cause 
mortality within 3 years of hospitalization may be as high as 49%.1 COPD is the fourth leading cause of death in the world. In 
2015, about 3.2 million people died of COPD, which is expected to become the third leading cause of death by 2030.5 COPD is 
the third leading cause of death in China, with more than 900,000 deaths in 2013.6
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COPD has a huge economic burden worldwide.7,8 For example, in the Asia-Pacific region, the annual economic 
burden per capita is as high as $ 4500 and about $ 3072 in China.9,10 In 2019, a study on the economic burden of COPD 
in America, Europe, and Asia showed that the per capita cost of hospitalization in the United States, Italy, and Singapore 
was $ 6852, $ 8203, and $ 2335, respectively.11

A clinical pathway (CP) is a continuous improvement process based on the PDCA cycle (Deming Cycle). In the 
1980s, to curb rising medical costs and increase the reasonable utilization of medical resources, and limit hospital 
compensation, the United States of America took the lead in implementing CP, which successfully curbed the rising 
clinical costs. As a standardized model for treating various diseases, CP has been widely used in many countries.12–15 

The pilot work of CP in China started in 2009. Pilot CPs at the end of 2011 involved 23 hospitals in the country, a total of 
110 hospitals, including 22 specialties and 331 diseases, and the national clinical path completion rate reached 89.4%.16 

CP management has achieved good results in hospital management systems, including medical, nursing, and pharma-
ceutical management,16–19 including AECOPD.20–22 Still, there are problems such as a lack of correct understanding of 
CPs, small scope of popularization, inaccurate and imperfect evaluation standards of the CP, and lack of guidance in the 
knowledge management system.23,24 In addition, the functions and roles of pharmacists in the CPs of AECOPD are not 
widely recognized. In a CP study, pharmacists were responsible for teaching drug administration,20 but pharmacists could 
play other roles in managing COPD. Hudd reported in 202025 on the increasing role of pharmacists in managing COPD.

Therefore, this study aimed to define the participation of pharmacists in the CP of AECOPD. There are currently 
many clinical pharmacists in respiratory specialties in China, but there are few reports on how to intervene in the 
treatment of AECOPD. The results might show that the participation of clinical pharmacists in implementing the 
AECOPD clinical pathway can significantly improve patient management.

Methods
Study Design and Participants
This prospective study was approved by the Ethics Committee of the Second Affiliated Hospital of Fujian Medical 
University and in accordance with the principles of the Declaration of Helsinki, written informed consent was obtained 
from the participants. The study included patients who met the discharge criteria during hospitalization at the department 
of respiratory medicine of the Second Affiliated Hospital of Fujian Medical University from March to December 2017 
and from March 2018 to January 2019. The inclusion criteria were 1) met the diagnostic criteria of COPD from the 
“GOLD Global Initiative for Chronic Obstructive Pulmonary Disease: Global Strategy for Diagnosis, Treatment, and 
Prevention of COPD (2019 Version)1”, 2) met the diagnostic criteria for AECOPD,1 with at least two main symptoms 
(dyspnea aggravating, purulent sputum increasing, and sputum volume increasing), or one main symptom combined with 
one secondary symptom (runny nose, stuffy nose, wheezing, sore throat, and cough) lasting for at least two days, which 
can be accompanied by an obvious aggravation of inflammation and fever, and 3) clear awareness and basic language 
communication skills. The exclusion criteria were 1) needed tracheal intubation or mechanical ventilation; 2) tumor or 
other serious life-threatening disease complications, 3) unstable coronary heart disease, uncontrolled drug-induced 
congestive heart failure, severe uncontrolled hypertension, recent myocardial infarction, or severe pulmonary hyperten-
sion, or 4) history of mental illness, cognitive dysfunction, or communication impairment.

The participants from 2017 were included in the traditional group. The patients from 2018–2019 were included in the 
clinical pharmacist group since clinical pharmacists were involved in their management.

Treatments
All participants received standardized treatments.3 No clinical pharmacists were involved in the traditional group. Relevant 
information from the participants was recorded directly from the electronic medical records. Patients in the traditional group 
were treated with the standard clinical pathway of the AECOPD in our hospital, which mainly included the first diagnosis of 
chronic obstructive pulmonary disease with acute exacerbation (ICD-10: J44.100), chronic obstructive emphysema bronchitis 
with acute exacerbation (ICD-10: J44.100 X001), the treatment plan is mainly implemented according to《 Clinical Diagnosis 
and Treatment Guide-Respiratory Volume》 (Compiled by Chinese Medical Association, People’s Medical Publishing 
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House) and 《 COPD Diagnosis and Treatment Guide (2018 Revised Edition)》 (Chronic obstructive pulmonary Disease 
Group, Respiratory Branch of Chinese Medical Association).Clinical pharmacists participated in managing participants in the 
clinical pharmacist group, carried out various clinical pharmacy work, and adopted the PDCA cycle method. Patients in the 
clinical pharmacist group, we added clinical Pharmacists’ Paths (Appendix 1) on the basis of the standard clinical paths.

The clinical pharmacists in the clinical pharmacist group participated as follows. Clinical pharmacists (three anti-infective 
pharmacists, bachelor’s degree or above, pharmacist-in-charge) participated in drug treatment and pharmacy rounds. They 
conducted medical order reviews (such as drug selection, indications, route of administration, frequency and dose of medication, 
medication course, combination medication, compatibility, etc.) and made recommendations for individual administration. In 
addition, medication education was provided, including basic knowledge about COPD, correct use of inhalators, adverse 
reactions and precautions of drugs, countermeasures for adverse reactions, and health guidance after discharge.

Indicators
The outcomes were total cost of hospitalization expenses, cost of drugs, adverse drug reaction (ADR), the average DDD 
number of antibacterial drugs, combined use of antimicrobial drugs, and benefit-cost ratio (B/C).

The ADR reporting rate was defined as the total number of reports (including the number of adverse reactions 
reported by doctors, the number of adverse reactions reported by clinical pharmacists to remind physicians, and the 
number of adverse reactions reported by clinical pharmacists) divided by the total number of each group.

The DDD value of each medicine was the limited daily dose of each medicine, referring to the “Dictionary of Medicines 
and DDD Value of Antimicrobial Clinical Application Monitoring Network” of the Chinese Ministry of Health.

The average DDD number of antibacterial drugs was the sum of the DDD numbers of all antibacterial drugs used 
during the hospitalization of each group of participants divided by the total number of participants in each group. The 
number of DDD was the cumulative value of the total amount of antibacterial drugs (g) used by each participant divided 
by the DDD value of the corresponding antibacterial drugs.

The combined use of antimicrobial drugs was defined as the simultaneous use of two or more antibiotics by a patient 
on any day during hospitalization. The corresponding combined use rate of antibiotics in each group was obtained by 
dividing the number of cases in this situation by the total number of cases and multiplying by 100%.

Cost Calculation
The traditional group cost calculation includes the total hospitalization expenses = treatment + nursing expenses + 
examination fee + bed fee + the total cost of drugs. And the clinical pharmacist group cost calculation includes the total 
hospitalization expenses = treatment + nursing expenses + examination fee + bed fee + the total cost of drugs + the cost 
of pharmaceutical services.

The cost in this study mainly referred to the cost of implementing pharmaceutical services. Per capita cost of pharma-
ceutical services in the intervention group = total time of clinical pharmacist intervention during the intervention × hourly 
salary of clinical pharmacist ÷ number of participants receiving the intervention. Since the traditional group did not receive 
pharmaceutical services, the cost was zero. The lowered per capita the total hospitalization expenses and the total cost of drugs 
were used as the efficiency index. The B/C referred to the ratio of benefit to cost during the intervention period. If B/C was >1, 
this CP was economical. In this study, cost mainly refers to the cost of implementing pharmaceutical services. The benefit 
indicators were the reduced the total of hospitalization expenses and the total cost of drugs.

Sample Size
The sample size required for the comparison of two samples was calculated by the following formula: 

n ¼ 2 μαþμβð Þσ
δ

h i2
þ 1

4 μα2,26 where n is the sample size, σ is the population standard deviation, δ=μ1- μ2 is the difference 

between the two population means, and α=0.05. Because the intervention was expected to be effective, one-sided u0.05=1.64, 
β=0.10, and u0.10=1.28 were used. Among them, σ and δ are obtained through pre-experiment. The pre-experiment used the 
drug cost as the primary data. The calculated value of σ was 3754, and the value of δ was 2093. Therefore, the required sample 
size was 56 cases for each group.
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Statistical Analysis
All data were analyzed using SPSS 23.0 (IBM, Armonk, NY, USA). The continuous data were presented as the maximum 
and minimum values and means ± standard deviation and were analyzed using Student’s t-test. The categorical data were 
presented as n (%) and analyzed using the chi-square or Fisher’s exact test. Univariable analysis was used to analyze the risk 
factors for the total cost of hospitalization expenses. P-values <0.05 were defined as statistically significant.

Results
Characteristics of the Participants
A total of 203 cases were screened, but 38 were excluded. Therefore, 80 participants were enrolled during the traditional 
period and 85 during the clinical pharmacist period (Figure 1). There were no significant differences in patient 
characteristics between the clinical pharmacist and traditional groups (all P>0.05) (Table 1).

Economic Effect
The average hospital stay was 9.2±0.4 days in the clinical pharmacist group and 10.7±0.6 days in the traditional group (P=0.032). 
The total cost of hospitalization expenses was ¥ 14,058±826 in the clinical pharmacist group and ¥ 18,765±1434 in the traditional 
group (P=0.004). The total cost of drugs was ¥ 5717±449 in the clinical pharmacist group and ¥ 8002±755 in the traditional group 
(P=0.004). Similar results were observed for the antimicrobial drugs (¥ 3639±379 vs 5636±641, P=0.007) (Table 2).

Drop out (n=0)Drop out (n=0)

N=85

Enter the clinical pharmacist pathway

Traditional treatment+Pharmacist intervention

No clinical pharmacist pathway

Traditional treatment

N=80

Intervention

group(n=85)

Control 

group(n=80)

Grouping

(n=165)

Patients assessed for 
eligibility(n=203)

Excluded 38 patients
1.Not interested in the research(n=17)

2.Change hospital treatment(n=13)

3.Lose contact (n=5)

4.Death(n=3)

Figure 1 Participant flowchart.

https://doi.org/10.2147/COPD.S370532                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 1866

Gong et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


With reference to the clinical pharmacy service standards of the top three hospitals in China,27 the average hourly salary of 
clinical pharmacists was set at ¥ 43.72. The daily clinical working hours of the clinical pharmacists in the clinical pharmacist 
group were 4 h, and the intervention lasted 20 days each month. For a total of 880 h, the total time cost was ¥ 38,473.6 (43.72 
¥/h × 880 h), and the average time cost for each participant to receive pharmaceutical services was ¥ 452.6 /participant 
(¥38,473.6 ÷ 85 participants). The cost of clinical pharmacist services in the traditional group was zero. Compared with the 
traditional group, the average total hospitalization expenses and average drug cost of the clinical pharmacist group were 
reduced by ¥ 4698 and ¥ 2284, respectively, and the benefit-cost ratio (B/C) was 10.38 and 5.05, respectively.

The use of antibacterial drugs is shown in Table 3. In the traditional group, 29 participants received antimicrobial 
drugs, accounting for 36.3% of the total number of patients; in the clinical pharmacist group, 21 participants received 
antimicrobial drugs, accounting for 24.7% of the total number of patients (P=0.128). The average DDD number of 
antibacterial drugs was 18.1±1.5 in the traditional group, those values in the clinical pharmacist group were 13.6±1.1.

Table 1 Characteristics of the Participants

Characteristic Clinical Pharmacist  
Group (n=85)

Traditional  
Group (n=80)

P

Sex, n (%)

Male 82 (96.5) 76 (95.0) 0.714

Female 3 (3.5) 4 (5.0)
Age (years) 70.9±9.5 69.6±10.0 0.395

Education level, n (%)

Illiterate/primary school 39 (45.9) 42 (52.5) 0.256
Middle school 34 (40.0) 32 (40.0)

High school or above 12 (14.1) 6 (7.5)
Insurance status, n (%)

Self-pay 7 (8.2) 13 (16.3) 0.153

Medicare 78 (91.8) 67 (83.7)
Smoking history, n (%)

No 25 (29.4) 26 (32.5) 0.753

<20 years 4 (4.7) 1 (1.3)
20–40 years 41 (48.2) 41 (51.3)

>40 years 15 (17.7) 12 (15.0)

Antibiotic combination, n (%) 34 (40.0) 31 (38.8) 0.875

Table 2 Patients’ Hospitalization Days and Medical Expenses Table

Characteristic Clinical Pharmacist  
Group (n=85)

Traditional  
Group (n=80)

P

Hospitalization days (d) 9.2±0.4 10.7±0.6 0.032

Total hospitalization expenses (¥) 14,058±826 18,765±1434 0.004
Total drug cost (¥) 5717±449 8002±755 0.009

Antimicrobial costs (¥) 3639±379 5636±641 0.007

Table 3 Usage of Antibiotics

Characteristic Clinical Pharmacist  
Group (n=85)

Traditional  
Group (n=80)

P

Antibiotic combined use (n) 21 (24.7%) 29 (36.3%) 0.128

Average DDD number 13.6±1.1 18.1±1.5 0.012

ADR reporting (n) 10 (11.8%) 2 (2.5%) 0.022
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Analysis of Factors Influencing the Total of Hospitalization Expenses
Age, sex, smoking history, comorbidities, and pharmacist participation were used for univariable analysis (the total of 
hospitalization expenses were log-transformed). The results showed that age, sex, smoking history, and comorbidities 
were not associated with the total of hospitalization expenses (P>0.05). The influence of pharmacists’ participation on the 
total of treatment cost was statistically different (P=0.010) (Table 4).

Discussion
Clinical pharmacists play a significant role in clinical practice, but their work in the CP of AECOPD remains undefined. 
Therefore, this study aimed to study the role of clinical pharmacists in the CP of AECOPD. The results suggest that the 
participation of the clinical pharmacist in implementing an AECOPD CP reduced patients’ hospitalization days, the total 
of healthcare expenses, and antibiotic use and improved the B/C of AECOPD management.

In this single-center prospective study, the differences in hospitalization days, drug costs, and the average DDD 
number of antibacterial drugs among the traditional and clinical pharmacist groups were analyzed. The difference in the 
male-female ratio between the two groups was in line with the survey results of Wang,28 and there were no significant 
differences in the general characteristics between the two groups (all P>0.05), indicating that the two patient populations 
were similar despite being from two different periods. Still, the pharmacist intervention decreased the average hospita-
lization days, total hospitalization costs, total drug costs, and antibacterial drug costs. Based on an estimated hourly 
salary of ¥ 43.72,29 the benefit-cost ratio of the total hospitalization cost and total drug cost of the clinical pharmacist 
group was greater than 1, indicating that the participation of clinical pharmacists in the implementation of the clinical 
pathway has a positive role in reducing medical costs and saving medical resources, and has a good economic potential. 
These results are supported by previous studies.30–32

Nishimura et al20 reported a valid CP for AECOPD that involves pharmacists for teaching, but no comparison was made with 
a CP without pharmacists. Gillespie et al33 showed that the involvement of pharmacists in COPD management led to a 16% 
reduction in hospital visits, 47% reduction in emergency department visits, and 80% reduction in drug-related readmissions. 
Marin Armero et al34 showed that involving pharmacists in smoking cessation of COPD patients led to 43.5% of patients 
completely ceasing smoking. Medication reviews by pharmacists led to an 8% reduction in a mean hospital stay or an 11% 
reduction in patients >80 years of age.35 A pharmacist-led bundle improved outpatient management of COPD and decreased 
phone calls.36 A study showed that pharmacist-led training improved inhaler techniques and shortened the training time.37 Hence, 
pharmacists can play multiple important roles in the CP of AECOPD.

In this study, clinical pharmacists developed and followed the clinical pharmacist CP table and implemented pharmaceu-
tical services through full participation. The PDCA cycle management model was used to manage the path of clinical 
pharmacists, and the role of clinical pharmacists in the treatment of AECOPD patients was studied with a single-center 
prospective research method. However, due to the limited research time on this subject and the limited number of cases 

Table 4 Multiple Linear Regression Analysis of Influencing Factors 
of the Total of Hospitalization Expenses

Characteristic Univariable Analysis

Beta (95% CI) P-value

Sex −0.074 (−0.627,0.219) 0.342
Age −0.043 (−0.011,0.006) 0.588

Smoking history

<20 years −0.028 (−0.603,0.424) 0.732
20–40 years 0.710 (−0.133,0.303) 0.444

>40 years −0.834 (−0.298,0.121) 0.405

No Reference
Comorbidities 0.106 (−0.054,0.294) 0.177

Pharmacists’ participation −0.201 (−0.390,-0.055) 0.010
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included, the AECOPD clinical pharmacist path form still needs to be further improved. Therefore, future research is expected 
to expand the content of clinical pharmacist services on more levels by expanding the sample size, promoting clinical 
pharmacists to serve patients better, and increasing the recognition of medical staff and patients to clinical pharmacists.

This study has limitations. It was a single-center study, limiting the representativeness. In the future, multiple centers 
should participate. Secondly, due to the limited time of the project, the number of participants that could be enrolled was 
limited. Thirdly, the traditional group was from a different period. Although the characteristics of the two groups were 
similar, changes in management between the two periods cannot be excluded, introducing bias. In the future, the 
traditional and experimental groups should be set to the same period.

What is New and Conclusion
By formulating, optimizing, and following the “Clinical Pharmacist Path Table”, clinical pharmacists can be important members 
of the AECOPD CP. The participation of the clinical pharmacist in implementing an AECOPD CP significantly reduced patients’ 
hospitalization days, healthcare expenses, and antibiotic use and improved the B/C of AECOPD management.
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