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Objective: To evaluate the real-world situation for the management of chronic obstructive pulmonary disease (COPD) and poorly 
controlled disease risk factors in the Chinese community.
Methods: This retrospective multicentre study analysed data from COPDMICand MICHC in Shanghai Songjiang District, Shanghai, 
China. The differences in COPD Assessment Test (CAT), the modified Medical Research Council (mMRC) dyspnea scale, and the 
number of emergency cases, emergency visits, inpatient cases, and hospitalisations from January 2018 to December 2020 were 
analysed. The impact of coronavirus disease 2019 (COVID-19) on COPD management was also assessed.
Results: For 2020 versus 2018, analysis of 468 COPD cases from COPDMIC matched with MICHC data showed significantly more 
patients with improved mMRC grades, significantly fewer emergency cases and emergency visits, and significantly fewer hospitalisa-
tion cases and hospitalisations. Differences in the number of emergency visits and hospitalisations per capita were statistically 
significant. Compared to GOLD 3–4, GOLD 1–2 patients showed significant improvements in CAT score, mMRC grade, the number 
of emergency visits and hospitalisations per capita. Treatment adherence from 2018 to 2020 was 25%, 29.1%, and 6.8%, and the 
proportion of medication regimens consistent with guidelines was 43.44%, 50.98%, and 71.87%, respectively. Higher treatment 
adherence resulted in significantly improved CAT scores and mMRC grades and fewer emergency department visits and hospitalisa-
tions per capita.
Conclusion: Combined with remote management tools, patients with COPD achieved continuous improvement in symptoms and 
exacerbations over 3 years. In the context of COVID-19 prevention/control measures, improvements were significant for patients with 
GOLD 1–2 COPD but limited with GOLD 3–4. Pharmacologic treatment significantly improved clinical symptoms and reduced 
emergency visits and hospitalisations. Severe airflow limitation and poor adherence to pharmacologic treatment were important risk 
factors for lack of disease remission.
Keywords: chronic obstructive, lung disease, COVID-19, family physician, management information center

Introduction
Chronic obstructive pulmonary disease (COPD) is a common respiratory disease globally. In China, the prevalence of 
COPD for individuals older than 40 years has increased in less than a decade, from 8.6% in 2007 to 13.7% in 2018,1,2 

resulting in COPD becoming the third leading cause of disability and the fourth leading cause of mortality in China.3 

Despite this high prevalence and poor outcomes, however, numerous studies have shown that the rate of early diagnosis, 
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standardisation of initial treatment regimens (ie consistency of drug regimens with guidelines), and adherence to drug 
therapy are generally low in patients with COPD in China. For example, Wang Chen et al reported2 that only 9.7% of 
patients with COPD in China were diagnosed based on pulmonary function, and only 3.2% of patients with COPD had 
a medication regimen consistent with guidelines. A national cross-sectional survey of individuals aged 40 years and older 
showed a diagnosis rate of 5.9% and a treatment rate of 11.7% among those with COPD.4 In terms of treatment 
adherence over 1 year among patients with stable COPD in two studies, 30% were adherent for more than 50% of 
the year, whereas 10% were adherent for more than 80% of the year.5,6 Therefore, improving the rate of early diagnosis, 
treatment standardisation, and treatment adherence of patients with COPD in China is an important issue to improve the 
treatment outcomes in this population.

To address this issue, we developed COPD Management Information Center (COPDMIC), which went online in 2017 
(Figure 1).7 The COPDMIC is a regional COPD patient management platform established through the mobile Internet 
and Internet of Things, which unites family physicians from 21 community health service centres and respiratory 
specialists from three general hospitals in Songjiang District, Shanghai, China. Family physicians are responsible for 
screening high-risk groups for COPD, managing patients with stable disease and after treatment, referral for COPD acute 
exacerbations, and patient health education, among other services. Respiratory specialists are responsible for the 
diagnosis of COPD, treatment plan formulation, two-way referral for patients with acute exacerbations, and addressing 
challenges encountered by family physicians in the diagnosis and treatment of COPD. Since the platform began operating 

Figure 1 Flow chart of COPDMIC operations.
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in 2017, we have sought to understand the real-world situation of COPD management in the community. To this end, our 
current study is a retrospective analysis of the platform data over 3 years, from 2018 to 2020.

During our study period, the global outbreak of coronavirus disease 2019 (COVID-19) began in December 2019, and 
this pandemic led to a greatly increased risk of acute exacerbations in patients with COPD.8 To prevent the spread of the 
novel coronavirus in the population, countries internationally have taken prevention and control measures, such as

wearing masks in hospitals, supermarkets, public transportation and other indoor places, maintaining a certain social distance, 
and strengthening hand disinfection.9 

These measures also reduce the possibility of infection by other viruses in patients with COPD, thus reducing the 
occurrence of acute exacerbation of COPD (AECOPD).10,11 However, another comorbidity for patients with COPD arose 
during the pandemic—restriction of social activities led to longer periods remaining at home, which worsened the 
original anxious and depressed psychological mood and subsequently triggered disease aggravation.8 In addition to these 
effects of the pandemic, many healthcare institutions experienced medical staff infections during this time and tempora-
rily suspended outpatient or inpatient services for closed-loop management. Moreover, some patients with COPD were 
concerned about the potential for COVID-19 infection during their visits to healthcare institutions.Epidemic prevention / 
control measures limit the number of visits to specialist outpatient clinics or community-based family doctor clinics to 
dispense medication for patients with COPD.

Against this background, important questions arise for patients with COPD. How do these factors affect COPD 
management? Is there any difference in the influence of COVID-19 on patients with COPD with different degrees of 
disease?To date, the real-world situation of patients with COPD in the Chinese community has not been well reported. To 
address these issues, our current study sought to compare the differences in symptom scores, dyspnoea ratings, and the 
number of emergency department visits and hospitalisations over the 3-year period from January 2018 to December 2020 
for patients with COPD managed by family physicians.

Materials and Methods
Study Design
This retrospective, multicentre, self-controlled study collected data from the COPD Management Information Center 
(COPDMIC) and the Medical Information Center of Health Management Commission (MICHC) in Shanghai Songjiang 
District, Shanghai, China. The MICHC data were used to verify the authenticity of COPDMIC data by case matching.

Information Platforms
COPD Management Information Center (COPDMIC)
The COPDMIC is a mobile internet management system for patients with COPD that involves family physicians from 16 
community health service centres and respiratory specialists from 5 general hospitals in Shanghai Songjiang District. The 
system is divided into three key domains: Physician, which includes management by specialists and family physicians, 
Nurses–Pharmacists, and patients with COPD. The platform was set up with a powerful COPD diagnosis and treatment 
information database to achieve a closed-loop management system for the early screening of high-risk groups, diagnosis 
and treatment planning, and follow-up of stable patients.The platform was interfaced with the Medical Information 
Center of Health Management Commission (MICHC), allowing for real-time, comprehensive information on patient 
visits while establishing a referral pathway to medical institutions in the region to ensure timely treatment for patients 
with acute exacerbations.

The COPDMIC platform content includes COPD screening scales; lung function data upload and automatic analysis; 
COPD Assessment Test (CAT) scores; modified Medical Research Council (mMRC) assessment; emergency and 
hospitalisation registry; COPD severity assessment (ABCD); treatment plan recommendation based on the 2017 
Global Initiative for Chronic Obstructive Lung Disease (GOLD); medication records; determination of follow-up 
schedule; and teleconsultation and referral system for specialists and family physicians.2 The COPD screening scale 
uses the symptom-based COPD screening questionnaire (COQ) recommended by the International Airways Organization 
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(IAPA).12,13 The questionnaire includes 8 items, namely age, smoking history, body mass index, effect of weather on 
cough, cough not caused by the cold, presence of cough in the early morning, frequent wheezing, and history of allergy. 
The total score is 38, and a score of ≥17 is considered a high-risk group for COPD.The scale has been tested for 
reliability and validity in China and has been revised according to the characteristics of the Chinese, which can be used 
for the screening of the Chinese COPD population.14

Family doctors conducted proactive screening of individuals at high risk of COPD through the COQ screening 
questionnaire, including initial screening of patients in the community and re-screening of previously undiagnosed 
patients in the COPDMIC database; regular follow-up and health education for patients with confirmed COPD; and 
immediate management or referral of patients with exacerbations of COPD to ensure acute healthcare.

The responsibility of the specialist is to diagnose COPD, determine the initial treatment plan, provide solutions to 
challenges encountered by family physicians in the management of patients with COPD, and schedule hospitalisations.2

Data available in COPDMIC include the following: 1) basic information: name, sex, age, home address, contact 
phone number, identification number, health insurance number, smoking history, lung function at enrollment, lung 
function classification, CAT scores, and mMRC grades; 2) medication information: drug name, dosage, prescription 
time, and medication course; and 3) family physician follow-up records: pulmonary function measured by forced 
expiratory volume in 1 second (FEV1), forced vital capacity (FVC), and FEV1/projected value); pulmonary function 
classification; CAT scores; mMRC grades; the number of emergency visits; the number of hospitalisations; and actual 
medication use. The higher the CAT and mMRC values, the more severe the COPD symptoms or dyspnoea.

Medical Information Center of Health Management Commission (MICHC)
As the information management centre of the health administration authority, MICHC is in charge of all patient 
consultation and treatment information of medical institutions at all levels in Songjiang District. This centre is linked 
with Shanghai and National Health Insurance Information Center for real-time data exchange.

Inclusion and Exclusion Criteria
Inclusion criteria were the following: 1) pulmonary function tests that meet the GOLD 2017 COPD diagnostic 
criteria;15 diagnosis of COPD was defined by the presence of a postbronchodilator FEV1/FVC <0.70 in patients 
with appropriate symptoms and significant exposure to noxious stimuli, according to the GOLD 2017 report; 2) 
complete follow-up record of the family physician from 1 January 2018 to 31 December 2020, and the last follow-up 
visit occurring in the period from October–December 2020; 3) clear follow-up indicators and no missing evaluation 
indicators at each follow-up visit.

Exclusion criteria were the following: 1) incomplete information on drug use, 2) follow-up not performed at the 
required time or with missing assessment indicators in the follow-up records, and 3) death during the study cycle.

Follow-Up Schedule
According to the GOLD 2017 comprehensive disease assessment criteria, A–B was classified as the low-risk group and 
C–D as the high-risk group. Those in groups A and B were followed up once every 6 months; those in groups C and 
D were followed up once every 3 months. Patients hospitalised for AECOPD were required to have their first follow-up 
visit within 1 month after discharge, and then follow-up visits were scheduled based on the results of the comprehensive 
disease assessment.

Measures of Disease
COPD Assessment Test Scores
The CAT scores were obtained by an 8-item questionnaire, with 6 subjective disease indicators (cough, sputum, chest 
tightness, sleep, energy, and mood) and 3 tolerance evaluation indicators (exercise endurance and daily exercise). Each 
item has a score of 0–5; total score ranges were 0–40. A score of 0–10 was rated as a mild impact, 11–20 as a moderate 
impact, 21–30 as a severe impact, and 31–40 as a very serious impact of COPD.
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Modified Medical Research Council Grades
The MICHC grades were as follows: grade 0—respiratory distress after strenuous activity; grade 1—respiratory distress 
after walking fast on flat ground/climbing gentle slopes; grade 2—walking fast on flat ground/climbing gentle slopes 
slower than peers and needing rest; grade 3—needing to stop and catch their breath after walking 100 metres or several 
minutes on a flat ground; and grade 4—inability to leave home due to severe respiratory distress or respiratory distress 
that occurs when putting on and taking off clothes.

Acute Exacerbations of COPD
The definition of AECOPD is an acute worsening of respiratory symptoms that results in additional therapy and requires 
hospitalisation or visiting the emergency department.

Assessment of COPD Severity
Classification of Severity of Flow Limitation
The severity of flow limitation was assessed by investigators at Songjiang Hospital Affiliated with Shanghai Jiaotong 
University School of Medicine (preparatory stage). Spirometry data provided by the GPs were interpreted based on the 
GOLD Committee criteria, with airflow limitation defined as post-bronchodilator FEV1/FVC ratio <0.7 (or 70%).15 

The COPD severity was classified as follows: GOLD 1 (mild)—FEV1/FVC <0.70; FEV1 ≥ 80% predicted; GOLD II 
(moderate)—FEV1/FVC <0.70; 50% ≤FEV1<80% predicted; GOLD III (severe)—FEV1/FVC <0.70; 30% ≤FEV1 

<50% predicted; GOLD IV (very severe): FEV1/FVC < 0.70; FEV1<30% predicted or FEV1< 50% predicted plus 
chronic respiratory failure. GOLD 1–2 is the mild to moderate group, and GOLD 3–4 is the severe to very severe 
group.

Spirometry
We performed spirometry to assess lung function by measuring FEV1, FVC, and the FEV1/FVC ratio. The device used 
was U-BREATH (PF680, China).16 Before beginning the study, GPs were instructed on how to perform spirometry using 
the American Thoracic Society guidelines17 by representatives of the spirometer sales company. During spirometry, the 
patient was seated with elbows bent and mouth firmly attached to the mouthpiece; a nose clip was also used to prevent air 
leaks. The FVC manoeuvres were performed 5 times; the best 3 results were considered, and the highest of these 3 results 
was selected if it did not exceed the second-largest value by more than 10%.18

ABCD Assessment
Participants were also investigated by questionnaires, including CAT scores and mMRC grades. The grouping thresholds 
were the number of exacerbations in the previous year, CAT score ≥ 10, mMRC grade ≥ 2, and whether frequent 
exacerbation occurred. The mMRC grade was used if it was inconsistent with the CAT score. According to the 2017 
GOLD criteria, all participants were divided into A, B, C, and D categories.12

Pharmacotherapeutic Approaches
Drug treatment recommendations based on GOLD 2017 criteria were as follows. Group A preferred treatment was with 
a bronchodilator, and an efficacy evaluation was performed to decide whether to continue, stop, or replace the drug. 
Group B preferred treatment was with a long-acting bronchodilator, either a long-acting beta-agonist (LABA) or long- 
acting muscarinic antagonist (LAMA); combination therapy with LAMA plus LABA could be used for persistent 
symptoms. Group C treatment was with LAMA as the first choice; or, if symptoms continued to worsen, LAMA plus 
LABA or LABA plus inhaled corticosteroids (ICS) could be used. Group D preferred treatment was with LABA plus 
LAMA or LABA plus ICS, or LABA plus LAMA plus ICS could be used if the symptoms continued to worsen. Also, 
roflumilast or macrolide antibiotics could be added if the symptoms continue to worsen. Consistent or inconsistent 
guideline recommendations were determined in this study based on whether the patients’ actual medication regimens 
were consistent with the GOLD 2017 recommendations for the COPD medication regimen.
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Statistical Analysis
All statistical data were processed using SPSS (version 23, IBM, Armonk, NY, USA). All baseline data were presented 
only descriptively. For the overall population, data were presented either as mean and standard deviation (SD) or number 
and percentage. Subgroups were defined by COPD severity (GOLD grade 1–2 vs GOLD 3–4) and by medication use 
(Yes/No). In this study, the differences in CAT, mMRC, number of emergency visits per capita, and number of 
hospitalisations per capita were compared by analysis of variance. The Welch test was used when the variance was 
not equal. A value of p < 0.05 was considered statistically significant.

Ethics and Informed Consent
The study was approved by the Ethics Committee of Shanghai Songjiang District Central Hospital in accordance with the 
ethical requirements of the Declaration of Helsinki (China Clinical Trials Registry registration number: 
ChiCTR2000031092). We ensured the confidentiality of the personal information of the participants in this study. 
Because the study was retrospective and observational, informed consent was not required to be signed by the 
participants.

Results
Patient Characteristics
Data retrieval from COPDMIC yielded a total of 592 patients with COPD, 124 of whom were excluded because of 
nonadherence with the follow-up time or missing follow-up data. The final 468 patients were included in the analysis. Of 
these 468 patients, 306 (65.4%) were male. The mean age (SD) was 75.3 ± 8.8 years. Baseline pulmonary data were 
mean FEV1(L ± SD)1.62 (0.88), mean FVC (L ± SD) 2.18 (0.99), the mean FEV1/FVC (% ± SD) 51.6 ± 11.8.

Of the 468 participants at baseline, 50.4% were classified as GOLD 2 and 36.3% as GOLD 3, whereas GOLD 1 and 
GOLD 4 represented a small percentage (6.6% vs 6.6%). Disease severity assessed during the initial visit based on 
combined GOLD 2017 criteria revealed these rates from A to D categories: 13.2%, 47.9%, 0.6%, and 38.2%, 
respectively. The current smoker rate was 40.6%, and all smokers were men. The baseline demographics of the overall 
population are shown in Table 1.

Table 1 Baseline Demographics and Disease 
Characteristics of the Overall Population

Overall Population = 468 Baseline Data

Age (years), mean (SD) 75.3 ± 8.8
Male, No. (%) 306 (65.4)

Lung function FEV1(L), mean (SD) 1.62 ± 0.88
FEV1,% predicted

GOLD 1, No. (%) 31 (6.6)

GOLD 2, No. (%) 236 (50.4)
GOLD 3, No. (%) 170 (36.3)

GOLD 4, No. (%) 31 (6.6)

FVC(L), mean (SD) 2.18 ± 0.99
FEV1/FVC, %(SD) 51.6 ± 11.8

ABCD assessment A, No. (%) 62 (13.2)
B, No. (%) 224 (47.9)

C, No. (%) 3 (0.6)

D, No. (%) 179 (38.2)

Smoking status, No. (%) 190 (40.6)

Notes: GOLD1: FEV1 >80% predicted, GOLD 2:50% ≤ FEV1 <80% 
predicted.GOLD3: 30%≤ FEV1 <50% predicted, GOLD4:FEV <30% pre-
dicted. All values refer to post-bronchodilator.

https://doi.org/10.2147/COPD.S391908                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2023:18 354

Wu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


Variability in CAT Scores, mMRC Grades, Emergency and Inpatient Cases, Emergency 
and Inpatient Visits
We specifically analysed the variability of each study indicator over 3 years from 2018–2020; the results are shown in 
Figures 2 and 3 and Table 2. Because the emergency and hospitalisation conditions in COPDMIC were recorded during 
the family physician follow-up visit and obtained from the patient’s self-report, memory errors may have occurred, so the 
MICHC platform data were matched by the patient identification number to verify the data authenticity.

CAT Scores and mMRC Grades
An annual decreasing trend in CAT scores and mMRC grades was observed for all patients with COPD over the 3 years. 
Patients with CAT <10 gradually improved from 26.5% in 2018 to 38.5% in 2020. Patients with mMRC grades 0–1 
increased from 58.9% in 2018 to 64% in 2020, showing a significant improvement, but only mMRC had statistical 
significance.

Emergency Cases and Emergency Visits
Both COPDMIC and MICHC showed that the number of COPD emergency cases showed a downward trend each year 
from 2018 to 2020. In COPDMIC, the number of emergency cases in 2020 was 70, a decrease of 42.6% compared with 
2018. In MICHC, the number of emergency cases in 2020 was 102, a decrease of 12.8% compared with 2018. In terms of 
the number of emergency episodes, the COPDMIC data showed a slight increase in 2019 (166) compared with 2018 
(156) but a significant decrease of 41.02% in 2020 (92). The MICHC data curve was the same, with a slight increase in 
2019 and a significant decrease in 2020 by 25.60%. Further statistical comparison in terms of cases per capita using 
MICHC data showed a statistically significant difference in 2020 compared with 2019.

Inpatients and Hospitalisations
The findings for the number of cases and hospitalisations echoed those for the emergency cases and emergency visits. 
The number of hospitalised cases of COPDMIC was 138, which was 23.3% lower than in 2018. The number of 

Figure 2 COPDMIC 2018–2020 overview of CAT, mMRC, emergency and hospitalisation of COPD patients.
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hospitalised cases in MICHC in 2020 was 57, which was 53.27% lower than in 2018. Regarding the number of 
hospitalisations, the COPDMIC data showed a slight increase in 2019 (266) compared with 2018 (258) but 
a significant decrease in 2020 (193) by 25.19%. The MICHC data curve was slightly different, showing a decreasing 
trend year by year by 54.85%. Both groups in the platforms showed statistically significant differences.

Figure 3 MICHC2018–2020 overview of CAT, mMRC, emergency and hospitalisation of COPD patients.

Table 2 Variability in CAT, mMRC, Emergency and Inpatient Visits in COPD Patients, 2018–2020

N = 468 Year Average Value (95% 
Confidence Interval)

ANOVA Welch

Sum of 
Squares

F price p value Levene 
Statistic

p value

COPDMIC
CAT questionnaire*mean (SD) 2018 14.02 (13.34–14.71) 196.557 1.644 0.194 0.295 0.181

2019 13.27 (12.60–1.95)

2020 13.19 (12.45–13.94)

mMRC score, mean(SD)c 2018 1.41 (1.33–1.48) 8.343 5.481 0.004 5.447 0.004
2019 1.30 (1.22–1.38)

2020 1.22 (1.14–1.30)

Emergencies, mean (SD) (times) 2018 1.28 (1.14–1.42) 15.554 0.783 0.458 0.568 0.568
2019 1.79 (0.68–2.89)

2020 1.31 (1.13–1.50)

Number of hospitalisation, mean 
(SD) (times)

2018 1.43 (1.33–1.53) 14.311 2.36 0.096 7.524 0.001
2019 1.78 (1.35–2.20)

2020 1.40 (1.27–1.52)

MICHC
Emergencies, means (SD) (times)*b 2018 2.84 (2.32–3.36) 60.189 3.594 0.029 3.578 0.03

2019 3.47 (2.83–4.10)
2020 2.42 (1.97–2.87)

(Continued)
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Comparison of CAT Scores, mMRC Grades, Number of Emergency Patients and Number of Emergency 
Visits, Number of Inpatients and Number of Hospitalisations Inpatients with GOLD 1–2 and GOLD 3–4
This study divided participants into two groups based on 2017 GOLD criteria for the severity grading of pulmonary 
function—GOLD 1–2 for the mild to the moderate group and GOLD 3–4 for the severe to the very severe group. The 
differences in each index of CAT score, mMRC grade, number of emergency visits per capita and number of 
hospitalisations per capita were then compared between the two groups. Results are shown in Table 3 and Table 4. 
For the mild to moderate group, the CAT score and mMRC grade were lower in 2020 than in 2018 and 2019, indicating 
that the symptoms and dyspnoea for patients with COPD improved in 2020 compared with the previous 2 years. The 
number of emergency department visits per capita and hospitalisations per capita in COPDMIC and MICHC also showed 
a decreasing trend year by year, and the difference was statistically significant. However, these differences were not 
reflected in the very severe group.

Table 2 (Continued). 

N = 468 Year Average Value (95% 
Confidence Interval)

ANOVA Welch

Sum of 
Squares

F price p value Levene 
Statistic

p value

Number of hospitalisation per capita, 

mean (SD) (times)a,b

2018 1.69 (1.46–1.92) 11.884 3.378 0.036 3.048 0.05

2019 2.10 (1.80–2.41)
2020 1.63 (1.33–1.93)

Notes: *Indicates uneven variance, subject to Welch test correction value. aIndicates the difference between 2018 and 2019, bIndicates the difference between 2019 
and 2020, and cIndicates the difference between 2018 and 2020.

Table 3 Comparison of Study Indicators in (GOLD1–2)

N = 201 Years Average Value  
(95% Confidence Interval)

ANOVA Welch

Sum of 
Squares

F price p value Levene 
Statistic

p value

COPDMIC
Emergencies, mean (SD) 2018 1. 33 (1.07–1.58) 0.444 0.509 0.602 0.47 0.628

2019 1.21 (1.09–1.33)

2020 1.20 (0.99–1.41)

Hospital stay per capita, 
mean (SD)*b

2018 1.57 (1.41–1.73) 3.764 3.788 0.024 5.424 0.006
2019a 1.46 (1.31–1.61)

2020 1.27 (1.15–1.39)

CAT* 2018 13.30 (12.42–14.18) 176.287 1.456 0.234 3.689 0.026
2019 14.14 (13.23–15.04)

2020 13.04 (12.01–14.06)

mMRCa,c 2018 1.26 (1.16–1.36) 7.74 5.207 0.006 3.491 0.031
2019 1.45 (1.34–1.55)

2020 1.22 (1.11–1.33)

MICHC
Emergencies, mean (SD)*a,b 2018 3.36 (2.62–4.09) 45.353 3.628 0.029 3.116 0.048

2019b 2.30 (1.85–2.74)

2020 2.39 (1.73–3.05)
Hospital stays per capita, 

mean (SD)*,a,b

2018b 2.16 (1.74–2.57) 15.584 5.599 0.004 6.354 0.008

2019a 1.61 (1.34–1.87)

2020 1.33 (1.12–1.54)

Notes: *Indicates uneven variance, subject to Welch test correction value. aIndicates the difference between 2018 and 2019, bIndicates the difference between 
2019 and 2020, and cIndicates the difference between 2018 and 2020.
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Comparison of Drug Treatment Profiles and Outcomes
This study evaluated the consistency of patients’ actual medication regimens with the guidelines by referring to the 2017 
GOLD drug treatment recommendations. Based on patient medication data for 2018–2020 from COPDMIC, the number 
of cases adhering to medication was 122, 153, and 32, accounting for 26.06%, 32.69.%, and 6.84% of the total study 
population. Bronchodilators were the main treatment drug, and the percentage of bronchodilator use among patients 
adhering to medication was 95.90%, 91.5% and 100% in 2018–2020. The duration of bronchodilator treatment ranged 
from a minimum of 5 months to a maximum of 3 years, with 80 cases on continuous medication in 2018 and 2019, 17 
cases on continuous medication in 2019 and 2020, and 13 cases on continuous medication over 3 years. Among drug 
treatment cases, the agreement between the drug regimens and the guidelines increased each year by 43.44% in 2018, 
50.98% in 2019, and 71.87% in 2020 (Table 5).

Comparing the drug and non-drug treatment groups (Table 6 and Table 7), COPDMIC data showed that the CAT 
score (p < 0.05), mMRC grade (p < 0.05), and the number of hospitalisations per capita (p < 0.05) were significantly 
lower in the drug treatment group in 2020 compared with previous years; however, the number of emergency visits per 
capita increased slightly but was not statistically significant. After data matching with MICHC, results showed that the 

Table 4 Comparison of Study Indicators in (GOLD 3–4)

N = 267 Years Average Value  
(95% Confidence Interval)

ANOVA Welch

Sum of 
Squares

F price p value Levene 
Statistic

p value

COPDMIC
Emergencies, mean (SD) 2018 1.36 (1.08–1.63) 1.632 1.175 0.312 2.086 0.131

2019 1.14 (1.01–1.26)

2020 1.38 (1.11–1.64)
Hospital stay per capita, 

mean (SD)

2018 1.40 (1.27–1.54) 1.5 1.033 0.358 1.212 0.301

2019 1.58 (1.35–1.81)

2020 1.56 (1.32–1.79)
CAT 2018 13.87 (12.81–14.94) 43.944 0.372 0.689 0.375 0.687

2019 13.23 (12.18–14.29)

2020 13.40 (12.31–14.48)
mMRC 2018 1.35 (1.24–1.47) 2.511 1.598 0.203 1.604 0.202

2019 1.35 (1.22–1.48)

2020 1.21 (1.09–1.34)
MICHC
Emergencies, mean (SD) 2018 3.49 (2.49–4.49) 41.761 1.911 0.152 2.512 0.087

2019 3.65 (2.45–4.85)
2020 2.45 (1.82–3.08)

Hospital stays per capita, 

mean (SD)

2018 1.81 (1.39–2.23) 1.51 0.339 0.713 1.51 0.339

2019 2.04 (1.58–2.51)
2020 2.04 (1.40–2.68)

Table 5 Overview of Drug Treatment from 2018 to 2020

Years Receive drug 
Treatment (N)

Proportion of the 
total Study 

Population (%)

Use of 
Branching 
Agent (N)

Proportion of 
Total Drug 

Treatment (%)

Consistent with the 
Guideline 

Recommendations (N)

Proportion of 
the Total (%)

2018 122 26.06 117 95.90 53 43.44
2019 153 32.69 140 91.50 78 50.08

2020 32 6.84 32 100 23 71.87
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Table 6 Comparison of Study Indicators in the Bronchodilator Group

N = 204 Years Average Value  
(95% Confidence Interval)

ANOVA Welch

Sum of 
Squares

F price p value Levene 
Statistic

p value

COPDMIC
Emergencies, mean (SD) 2018 1.19 (1.10–1.29) 0.648 0.775 0.463 0.47 0.628

2019 1.25 (1.06–1.44)

2020 1.38 (0.91–1.84)
Hospital stay per capita, 

mean (SD)

2018 1.44 (1.30–1.58) 8.107 4.054 0.003 5.424 0.006

2019 1.77 (1.51–2.03)

2020 1.26 (1.09–1.43)
CAT 2018 14.59 (13.55–15.63) 444.337 3.747 0.024 3.689 0.026

2019 13.20 (12.18–14.22)

2020 12.54 (11.41–13.67)
mMRC 2018 1.47 (1.35–1.59) 5.218 3.445 0.033 3.491 0.031

2019 1.50 (1.38–1.62)

2020 1.29 (1.17–1.41)
MICHC
Emergencies, mean (SD) 2018 2.86 (2.14–3.58) 36.648 3.142 0.046 4.2 0.018

2019 3.24 (2.46–4.02)
2020 2.08 (1.65–2.50)

Hospital stays per capita, 

mean (SD)

2018 1.83 (1.48–2.19) 12.514 3.257 0.042 3.3 0.042

2019 2.41 (1.87–2.95)
2020 1.59 (1.24–1.94)

Table 7 Comparison of Study Indicators in the Non-Bronchodilator Group

N = 264 Years Average Value  
(95% Confidence Interval)

ANOVA Welch

Sum of 
Squares

F price p value Levene 
Statistic

p value

COPDMIC
Emergencies, mean (SD) 2018 1.40 (1.11–1.70) 27.96 0.743 0.478 0.666 0.516

2019 2.26 (0.17–4.35)

2020 1.28 (1.12–1.44)

Hospital stay per capita, 
mean (SD)

2018 1.42 (1.28–1.56) 7.269 0.755 0.471 0.577 0.563
2019 1.78 (1.09–2.48)

2020 1.28 (1.12–1.44)

CAT 2018 13.64 (12.72–14.55) 19.131 0.166 0.847 0.156 0.855
2019 13.75 (12.86–14.63)

2020 14.01 (13.03–14.99)

mMRC 2018 1.54 (1.45–1.64) 1.703 1.666 0.19 1.724 0.18
2019 1.42 (1.33–1.52)

2020 1.51 (1.41–1.61)

MICHC
Emergencies, mean (SD) 2018 2.82 (2.06–3.58) 28.414 1.318 0.27 1.13 0.327

2019 3.65 (2.68–4.62)

2020 2.80 (1.98–3.61)
Hospital stays per capita, 

mean (SD)

2018 1.55 (1.26–1.84) 3.617 1.131 0.325 1.119 0.332

2019 1.89 (1.54–2.25)

2020 1.67 (1.17–2.16)
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number of emergency visits per capita (p < 0.05) and hospitalisations per capita (p < 0.05) were significantly reduced in 
2020. The non-drug treatment group did not show these results.

Discussion
As a common preventable and treatable disease characterised by persistent respiratory symptoms and airflow limitation, 
COPD is usually associated with airway and/or alveolar abnormalities caused by significant exposure to toxic particles or 
gases. Despite the high prevalence of COPD, the diagnosis and treatment rates are low.19 In one regard, because the 
disease progresses slowly and patients can tolerate cough, sputum, and even mild dyspnoea better in mild to moderate 
cases, the disease is usually difficult to detect, and the diagnosis is thus delayed; in another regard, delayed diagnosis may 
result from a lack of awareness of COPD among health care providers and patients. In 2017, we created a COPD 
management platform and established a regional COPD prevention and treatment alliance of general practitioners– 
specialists–patients to explore a new strategy of early screening–treatment–follow-up for COPD management by 
focusing on screening groups at high risk for COPD, managing patients with COPD in the stable phase of the disease, 
managing acute exacerbations, and providing health education for patients.

In the closed-loop management of COPD based on early screening–treatment–follow-up, specialists and general 
practitioners work together to ensure the consistency and effective implementation of drug treatment plans. In this 
context, general practitioners conduct disease assessment, health education, problem identification, and adjustment of 
treatment plans during regular follow-up visits and provide timely treatment for AECOPD, all of which can benefit 
patients. The establishment of the COPD management platform has contributed to more standardised medication 
treatment, and the percentage of medication regimens that are consistent with guideline recommendations has increased 
yearly and is significantly higher than the previously reported 5%.20 Long-term standardised drug therapy has contributed 
to a year-by-year decreasing trend in CAT scores and mMRC grades and the number of emergency cases and 
hospitalisations in patients with COPD over 3 years from 2018–2020, indicating that remote management is an effective 
and innovative model with positive implications for patients with COPD.

Meanwhile, in the middle of the study period, the worldwide outbreak of COVID-19 occurred in December 2019. 
Shanghai responded to the spread of COVID-19 by strengthening the protection of susceptible populations and defensive 
measures in medical institutions.21 Defensive measures for susceptible populations included

wearing masks in all indoor public places such as hospitals, public transport or supermarkets, maintaining a certain social 
distance between people, and strengthening hand disinfection.22 

The defensive measures of medical institutions required people attending the clinic to take their temperature and report 
whether they had a history of travel and residence in a pandemic area and, for patients with fever, to first undergo 
COVID-19 nucleic acid testing to rule out infection before entering routine outpatient and inpatient treatment. Measures 
such as wearing masks and maintaining social distancing not only play an important role in the prevention and control of 
novel coronaviruses but also reduce the risk of other respiratory diseases, including COPD, to some extent. Many studies 
have confirmed this view.10,23

The study analysis of COPDMIC data revealed a slight increase in the number of emergency visits while the number 
of emergency cases decreased in 2019, but the difference was not significant. The number of COPDMIC emergencies and 
hospitalisations was provided by the patient through recall during the GP follow-up assessment, and memory bias may be 
present, leading to discrepancies, which may correlate with the determination of emergency episodes. An acute 
worsening of respiratory symptoms that leads to additional treatment was considered AECOPD.19 These COPD 
exacerbations usually alternate with stabilisation, and, in the real world, approximately 50% of AECOPD cases are 
unreported.24 There is no uniform method for determining AECOPD.25 It has been suggested that the determination of 
AECOPD should be based on a comprehensive assessment of the patient’s symptoms, symptom severity, and an increase 
in the drug type due to symptom exacerbation.26 However, the sensitivity and specificity of this judgement of AECOPD 
vary widely due to the influence of patient age, culture, and symptom assessment. If the symptoms of AECOPD and an 
increase in the drug type are used as judgement factors, the accessibility of medication, the physician’s choice of 
medication, and the accuracy of the patient’s record of medication review may lead to different results in the 
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determination of AECOPD27–29 ultimately leading to over-assessment or under-assessment of AECOPD severity. For 
example, exacerbations are usually classified as mild if only short-acting bronchodilator therapy is chosen, moderate if 
short-acting bronchodilator plus antibiotic and/or oral corticosteroid therapy is chosen, and severe if the patient seeks 
help at the emergency department or requires hospitalisation.19,30 Therefore, it is difficult to be precise in the clinical 
judgement to determine AECOPD. In this study, we verified the authenticity of the COPDMIC data by matching MICHC 
data when assessing the number of patient emergency department visits versus hospital admissions to minimise the 
impact of patient recall bias and differences in AECOPD determination on the study results, and the number of 
emergency visits per capita and the number of hospitalisations per capita were used to compare statistical differences.

Many causes may precipitate AECOPD, including respiratory infections, the severity of airflow limitation, anxiety, 
cold and flu season, and medications.31 Therefore, we compared the differences in study metrics between GOLD 1–2 and 
GOLD 3–4 cohorts and found that patients with GOLD 1–2 in 2020 had significantly lower CAT scores, mMRC grades, 
and the number of emergency visits and hospitalisations than in 2018 and 2019; however, these results were not found in 
the patient with GOLD 3–4 COPD cohort.

Severe airflow obstruction may be one of the influencing factors leading to ineffective disease control. In one regard, 
patients with GOLD 1–2 classification are less restricted by the disease and have frequent contact with the external 
environment. During the COVID-19 pandemic, prevention and control measures have a protective effect on patients by 
reducing the chance of their contact with the external environment. In contrast, patients with GOLD grades 3–4 have 
significant activity restriction due to the disease itself and low exposure to the external environment, so the impact of the 
COVID-19 pandemic prevention and control measures on patients with GOLD grades 3–4 is not significant. In another 
regard, patients with GOLD grade 1–2 may have poor medication adherence due to insignificant clinical symptoms such 
as cough, sputum, and dyspnoea, but after these patients were included in the COPD management platform, their 
medication adherence improved significantly through regular follow-up and health education by family physicians, and 
medication adherence was closely related to disease control, medical cost expenditure, and risk of death32,33 In contrast, 
the severity of disease in patients with GOLD grade 3–4 leads to a higher dependence on medication, and this medication 
adherence did not differ before and after the establishment of the COPD management platform, whereas this group has 
a disease more difficult to control and a higher risk of emergency and hospitalisation. Studies have reported that the risk 
of AECOPD in patients with GOLD 4 is 17 times higher than that for patients with GOLD 1 and 5 times higher than 
patients with GOLD 3 compared with GOLD 1 patients.34 In sum, these combined factors may be contributors to the 
significant improvement in CAT scores and mMRC grades and the significant decrease in the number of emergency visits 
and hospitalisations among patients with COPD in GOLD grades 1–2, whereas patients in GOLD grades 3–4 did not 
show the same results.

We also focused on patient treatment rates and medication adherence, and this community-based patient management 
data showed 122 and 153 cases of patient medication use in 2018 and 2019, respectively, representing 26.06% and 
32.69% of the study population, which is higher than the 11.7% reported in other studies,4 suggesting that the role of 
COPD management platforms in increasing the proportion of patients treated in the community is affirmable. At the same 
time, however, another worrisome phenomenon has been identified. Among the 204 patients who used medication, only 
13 could adhere to 3 years of continuous medication, and the medication adherence decreased year by year over time; 
most patients did not use bronchodilator therapy for a long time, and some only maintained bronchodilator therapy for 
a period after discharge and then stopped using medication after symptom relief or only used medication when the 
symptoms were aggravated—all of which suggest that the challenges of medication adherence among patients with 
COPD should not be overlooked. The importance of adherence assessment should be increased in COPD management, 
and methods to improve adherence should be actively explored, such as enhancing patient adherence education, 
optimising inhalation drug and device selection, and building an adherence support and monitoring system.26 Another 
point of concern is the relatively low proportion of drug use in 2020 in our study. This finding may be attributed to 
patients’ concerns about the pandemic or the inconvenience of active or passive drug access due to prevention and 
control measures during the pandemic. In addition, this finding suggests that we should optimise the functional modules 
in the COPD management platform and recognise that internet drug purchasing and provision of patient education about 
medication with the help of information technology may better serve patients during public health emergencies.
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Conclusions
Since the establishment of the specialist–family physician–patient COPD prevention and treatment consortium in 2017, 
the consistency of drug treatment regimens with guidelines has increased each year. Patients with COPD had significantly 
improved CAT scores and mMRC grades and a significantly decreased number of emergency and hospitalisation cases 
and the number per capita. Preventive measures for COVID-19 were a contributor to the reduction in CAT scores and 
mMRC grades and the decrease in the number of emergency and hospitalisation cases in GOLD 1–2 patients with COPD, 
but these measures were relatively limited for patients with GOLD 3–4. In addition, severe airflow limitation and poor 
medication adherence are possible factors contributing to the lack of effective disease control.

This study has several important limitations. First, the sample size was small, which may bias the judgement of some 
results; Due to the limited study sample size, this study was not able to stratify medication and lung function 
classifications. Second, the data of this study were obtained from two data platforms—COPDMIC and MICHC. The 
number of COPD emergency and hospitalisation cases recorded by COPDMIC was within the year prior to the date of 
follow-up, which may span years, whereas the MICHC data were recorded from 1 January to 31 December of each year, 
so the data recorded by both systems for the same patient were not completely consistent, which may have an impact on 
the study results. Third, the patient demographic information, such as educational attainment or socioeconomic status, 
was not available for the assessment of medication adherence, so the analysis of medication adherence may be one-sided.
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