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Purpose: In this study, we investigated the acute exacerbation and outcomes of COPD 
patients during the outbreak of COVID-19 and evaluated the prevalence and mortality of 
COPD patients with confirmed COVID-19.
Methods: A prospectively recruited cohort of 489 COPD patients was retrospectively 
followed-up for their conditions during the COVID-19 pandemic from December 2019 to 
March 2020 in Hubei, China. In addition, the features of 821 discharged patients with 
confirmed COVID-19 were retrospectively analyzed.
Results: Of the 489 followed-up enrolled COPD patients, 2 cases were diagnosed as 
confirmed COVID-19, and 97 cases had exacerbations, 32 cases of which were 
hospitalized, and 14 cases died. Compared with the 6-month follow-up results col
lected 1 year ago, in 307 cases of this cohort, the rates of exacerbations and hospi
talization of the 489 COPD patients during the last 4 months decreased, while the 
mortality rate increased significantly (2.86% vs 0.65%, p=0.023). Of the 821 patients 
with COVID-19, 37 cases (4.5%) had pre-existing COPD. Of 180 confirmed deaths, 19 
cases (10.6%) were combined with COPD. Compared to COVID-19 deaths without 
COPD, COVID-19 deaths with COPD had higher rates of coronary artery disease and/ 
or cerebrovascular diseases. Old age, low BMI and low parameters of lung function 
were risk factors of all-cause mortality for COVID-19 patients with pre-existing 
COPD.
Conclusion: Our findings imply that acute exacerbations and hospitalizations of COPD 
patients were infrequent during the COVID-19 pandemic. However, COVID-19 patients with 
pre-existing COPD had a higher risk of all-cause mortality.
Keywords: chronic obstructive pulmonary disease, COPD, exacerbation, mortality, novel 
coronavirus pneumonia, COVID-19, novel coronavirus, SARS-CoV-2

Key Messages
What is the key question?

◆ It is unknown whether patients with COPD have an increased risk of SARS- 
CoV-2 infection, more acute exacerbations and/or a poorer prognosis.

What is the bottom line?
◆This study shows that acute exacerbations and hospitalizations of COPD 

patients were infrequent during the COVID-19 pandemic, however, the fatality 
rate of COPD patients during the epidemic period was significantly higher than 
that during the non-epidemic period.
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Why read on?
◆ COPD seemed to be not common in the comorbidities 

for patients with COVID-19, but COVID-19 patients with pre- 
existing COPD had a higher risk of all-cause mortality.

Introduction
COVID-19 has disseminated across the world and has 
caused numerous infections and very high numbers of 
deaths. The world’s population is generally susceptible 
to SARS-CoV-2, especially elderly subjects with chronic 
diseases such as hypertension, diabetes and cardio- 
cerebrovascular diseases.1,2 In addition, elderly patients 
infected with SARS-CoV-2 were more likely to be in 
critical condition and had a higher mortality rate.2,3 

A study of 1099 confirmed COVID-19 cases indicated 
that the median age of the patients was 47.0 years, 15.1% 
of whom were aged ≥65 years, and 27.0% of the patients 
in critical condition were aged ≥65 years.4 Another inves
tigation of 4021 confirmed COVID-19 cases showed that 
the mortality rate of patients aged ≥60 years (5.3%) was 
significantly higher than that of patients ˂ 60 years 
(1.4%), most of which had chronic diseases.3

Chronic obstructive pulmonary disease (COPD) is one 
of the most common chronic diseases among the elderly in 
China,5 and its prevalence increases with age and the 
quantity of cigarettes consumed.6 Acute exacerbation 
(AE) of COPD is defined as an acute worsening of respira
tory symptoms that results in additional therapy.6 AEs of 
COPD are important events for they negatively impact the 
health status and are associated with increased hospitaliza
tions and readmissions, disease progression and increased 
mortality of COPD patients.7,8 Several factors can preci
pitate AEs of patients with COPD and respiratory viral 
infections are very common causes.9 However, the detec
tion rate of a viral etiology is below 40% in the elderly, 
and this also holds true for AEs of chronic respiratory 
illnesses.10 Data regarding new viruses and elderly sub
jects are scarce, including patients with severe acute 
respiratory syndrome (SARS) and Middle East respiratory 
syndrome (MERS) associated coronaviruses, NL63, 
HKU1 and potential respiratory pathogens.10 The roles of 
coronaviruses in AEs of patients with COPD have already 
been explored to some extent, but the results are not 
consistent.11–13 One investigation demonstrated that 
SARS-associated coronavirus assessed using RT-PCR 
was not present in lower respiratory tract specimens of 
141 COPD patients with AEs one year after the first 
outbreak.11 However, patients with MERS and 

comorbidities, including those who smoke and have 
COPD, may have worse outcomes.12,13 Furthermore, 
a retrospective study suggested that it was unlikely for 
human bocavirus infections to have a major role in adult 
COPD patients with AEs.14 Up to now, no study has been 
published that analyzed the clinical characteristics and 
mortality in COPD patients with COVID-19. Therefore, 
it is unknown whether patients with COPD have an 
increased risk of SARS-CoV-2 infection, more exacerba
tions and/or a poorer prognosis. The purpose of this study 
was to identify the prevalence of COVID-19, AEs and 
outcomes in patients with COPD during the COVID-19 
epidemic in Hubei province, China. Those goals were 
achieved by following-up the recruited COPD patients in 
an existing database, and by analyzing the comorbidities 
of admitted confirmed cases in a designated hospital for 
COVID-19.

Methods
Data Sources and COVID-19 Subjects
Since January 2016, we have been participating in a project 
entitled “Study on the diagnosis and treatment of complica
tions and comorbidities in patients with chronic obstructive 
pulmonary disease”, which is supported by the National Key 
Research and Development Program of China (project num
ber: 2016YFC1304403) and is registered in ClinicalTrials.gov 
(Clinical Trials ID: NCT 03182309). Up to December 2019, 
558 COPD patients diagnosed by lung function had been 
recruited for that study. We obtained written informed consent 
from all participants or from their family members and estab
lished an electronic database to collect their personal informa
tion, previous history, medication history, pulmonary function 
parameters, laboratory testing and sleep-breathing monitoring 
results. The patients enrolled in the database have been routi
nely followed-up once every six months. To understand the 
AEs and outcomes of this cohort during the epidemic of 
COVID-19, we carried out an additional follow-up by tele
phone and short message service at the end of March 2020.

Meanwhile, we collected data of 821 discharged laboratory 
confirmed cases, including demographics, laboratory results, 
comorbidities and outcomes, from the information system of 
a designated hospital for severe or critical patients with 
COVID-19. The details of confirmed COVID-19 deaths of 
patients with COPD and the COPD deaths in followed-up 
patients were analyzed. The prevalence of all-cause mortality 
and risk factors of deaths in COVID-19 patients with COPD 
were also investigated.
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Ethics Approval and Consent to 
Participate
This study procedure was reviewed and approved by the Ethics 
Committee of Renmin Hospital of Wuhan University (Nos. 
2017K-C014 and WDRY2020-K019). Under exceptional cir
cumstances for reducing exposure to SARS-CoV-2, informed 
verbal consent was obtained from the COVID-19 patients or 
written informed consent were obtained from family members 
verbally authorized by the COVID-19 patients, and a waiver of 
written informed consent from the hospitalized confirmed 
cases was applied and obtained agreement of the Ethics 
Committee. This study was conducted in accordance with the 
Declaration of Helsinki.

Follow-Up Protocol
A questionnaire was designed specifically for follow-up by 
telephone and text messaging on a cell phone (short message 
service, SMS). A short message containing the questionnaire 
was sent to each patient’s cell phone one day before the follow- 
up by telephone. The patients’ conditions and outcomes in the 
last four months were collected during the follow-up, which 
began on December 01, 2019 and ended on March 31, 2020, 
covering the whole COVID-19 pandemic in Hubei province, 
China. Figure 1 shows a flowchart of the follow-up process. By 
the end of March 2020, 558 enrolled patients with COPD in the 
database were followed-up through SMS and telephone, which 
were carried out by three professional investigators. Twenty- 
eight subjects were excluded because of losing contact, and 41 
cases were excluded who could not answer the questions 
accurately or completely. In total, 489 patients were included 
in this study. In order to explore whether their conditions and/or 
outcomes had changed during the COVID-19 outbreak, we 
compared their responses with the 6-month follow-up results 
from October 2018 to March 2019 in 307 cases of this cohort.

Questionnaire
We designed a questionnaire with 12 questions 
(Supplementary Table 1) related to where the patients 
had lived during the last four months, whether they were 
diagnosed with COVID-19, their infection severity, AEs of 
COPD or hospitalization, morbidity and outcome.

Confirmed Criteria for COVID-19 and 
Disease Severity
Laboratory confirmed cases met the criteria in the 
Guidelines on the Diagnosis and Treatment of Novel 
Coronavirus Infected Pneumonia,15 ie, the cases had 

a history of epidemiological exposure, typical symptoms 
and X-ray imaging, positive for SARS-COV-2 nucleic acid 
by real-time RT-PCR, or had SARS-COV-2 specific IgM 
and IgG in their serum.

The disease severity was classified as mild, moderate, 
severe or critical.15 Severe cases had at least one of the 
following: respiratory distress (≥30 breaths/min); oxygen 
saturation ≤93% at rest; arterial partial pressure of oxygen 
(PaO2)/fraction of inspired oxygen (FiO2) ≤300 mm Hg; 
obvious lesion progression on chest imaging and >50% 
within 24–48 hours. Critical cases refer to any of the 
following: respiratory failure and needing mechanical ven
tilation; shock; other organ failure requiring ICU care.

Detection of SARS-CoV-2 Nucleic Acid
Nasonasopharyngeal swab specimens were collected from 
all patients, preserved in viral-transport medium and sub
mitted for analysis by trained technicians. SARS-CoV-2 
nucleic acid was detected by reverse-transcriptase RT- 
RCR, which was completed in the biosafety level 2 clin
ical laboratory of Renmin Hospital of Wuhan University. 
RT-PCR detection reagents for SARS-CoV-2 nucleic acid 
open reading frame 1ab and nucleocapsid protein were 
provided by GeneoDx Biotech Co., LTD, Shanghai, China.

Detection of Antibodies
Serum specific IgG and IgM antibodies against SARS-CoV-2 
were characterized using a full-automatic chemiluminescence 
immunoassay analyzer (UniCel DxI800, Beckman Coulter, 
Inc., USA) according to the manufacturer’s instructions. The 
measured relative light unit (RLU) was used as the indicator of 
immune activity. That analyzer automatically converts the 
RLU from each immunoassay into an absolute unit (AU) by 
fitting it to a standard master calibration curve. The kits were 
provided by Shenzhen YHLO Biotech Co., Ltd., China. 
A cutoff value of >10.0 AU/mL is considered as positive for 
antibodies.

Study Endpoints
In this study, one endpoint was to investigate the AEs, 
hospitalizations and outcomes of enrolled COPD patients 
during the COVID-19 pandemic by follow-up; the other 
endpoint was to analyze the prevalence rate of COPD in 
hospitalized confirmed COVID-19 cases and their deaths.

Statistical Analysis
SPSS 21.0 software was used for statistical analysis. Data 
are expressed as medians (interquartile range [IQR]) or 
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absolute numbers and percentages [n/N (%)], where 
N represents the total number of patients with available 
data. P values were calculated from the Mann–Whitney 
U-test, the χ2 test or Fisher’s exact test. A P value is 
considered significant if it is less than 0.05. Logistic 
regression analysis was used to assess the risk of all- 
cause mortality in follow-up COPD patients (Table 1) 
and in confirmed COVID-19 cases with COPD (Table 2).

Results
Prevalence of COVID-19 in Followed-Up 
COPD Patients
Of the 489 successfully followed-up enrolled COPD patients, 
two patients (0.41%) were diagnosed as having confirmed 
COVID-19. Neither of those 2 patients had a history of 

exposure to the Huanan seafood market in Wuhan, but there 
were infections in their families. One of those patients was an 
86-year-old male with a BMI of 15.5 kg/m2, who lived in 
Wuhan and had a history of COPD for 20 years with grade 4 of 
GOLD airflow limitation classification. He died of respiratory 
failure and multiple organ failure 19 days after infection with 
COVID-19 in a designated hospital. The other confirmed case 
was a 68-year-old male resident of Wuhan with grade 2 of lung 
function classification; he recovered after 26 days of 
hospitalization.

Acute Exacerbations and Hospitalizations 
in Followed-Up COPD Patients
Of the 489 patients with COPD, 324 were residents of 
Wuhan and 165 were nonresidents of Wuhan in the 

Patients successful followed-up (n = 489) 

Did not completed questionnaire by 
SMS (n = 537) 

Completed questionnaire by SMS 
(n = 21) 

Comprehensive questionnaire by short message service (SMS) (n = 558) 

Patients with chronic obstructive pulmonary disease (n = 558) 

Accepted followed-up by telephone (n =509) 

Patients failed to contact (n = 28) 

Patients failed to answer 
questions (n = 41) 

Patients followed-up by telephone (n = 537) 

Figure 1 Flow chart of the follow-up design and process.
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Hubei province (Supplementary Figure 1). In the 4 
months of follow-up during the outbreak, 392 cases 
(80.16%) were in stable condition and 97 cases 
(19.84%) had AEs of COPD, 32 cases (6.54%) of 
which were hospitalized and 14 cases (2.86%) died. 
Compared with 6-month follow-up results collected 
1-year ago, in 307 cases of this cohort, both the rates 
of AE and hospitalization during the last 4 months in 
489 patients decreased, however, the fatality rate signif
icantly increased (2.86% vs 0.65%, p=0.023) (Table 3).

Deaths of COPD Patients During Follow-Up
Of the 489 patients with COPD, 14 cases died during the 4 
months from Dec. 2019 to Mar. 2020, of which 7 cases died in 
Dec. 2019, 3 patients died in Jan. 2020 and 4 patients died in 

Feb. 2020. There were no deaths of those patients in March. 
Nine cases died of respiratory failure caused by AEs of COPD, 
however, their deaths cannot be definitely associated with 
COVID-19 due to the lack of data. One case died 3 days 
after failure of lung transplantation, 2 cases died from hema
tological malignancies and 1 died from cerebrovascular dis
ease. Only 1 case died of confirmed COVID-19 (see above).

The followed-up COPD patients were divided into 
a survivor group and a deceased group (Table 4). Of base
line data at enrollment, the deceased group was signifi
cantly older than the survivor group (74.07±7.75 vs 68.15 
±8.71, p=0.012), had a significantly lower BMI (20.40 
±4.99 vs 22.91±3.85, p=0.017) and lower spirometry func
tion parameters (FVC, FVC% and FEV1). There was no 
significant statistical difference between the two groups in 

Table 1 Risk Factors Associated with Death of the Followed-Up Patients with COPD During the Epidemic (n = 489)

Parameters Univariable OR (95% CI) P value Multivariable OR (95% CI) P value

Male sex (vs female) 0.48 (0.10–2.22) 0.345 – –
Age 1.10 (1.02–1.17) 0.011 1.11 (1.01–1.22) 0.045

No education (vs primary and above) 1.75 (0.22–14.05) 0.600

BMI 0.83 (0.70–0.97) 0.017 0.83 (0.68–1.03) 0.085
Neck circumference 0.87 (0.73–1.84) 0.127 – –

COVID-19 (vs non-COVID-19) 0.03 (0.002–0.46) 0.013 0 (0–0) 1

Smoking (vs non-smoking) 2.17 (0.28–16.87) 0.458 - -
Hypertension 1.27 (0.43–3.73) 0.659 - -

Diabetes 0.77 (0.10–6.05) 0.806 - -
CAD 0.83 (0.23–3.04) 0.784 - -

CVD 2.66 (0.57–12.47) 0.214 - -

FEV1% 0.96 (0.91–0.99) 0.034 0.96 (0.91–1.00) 0.064
AHI 0.99 (0.96–1.04) 0.966 - -

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CVD, cerebrovascular diseases; FEV1, forced expiratory volume in one second; AHI, apnea-hypopnea 
index.

Table 2 Risk Factors Associated with Death of Confirmed COVID-19 Patients (n=821)

Parameters Univariable OR (95% CI) P value Multivariable OR (95% CI) P value

Sex, n (M vs F) 1.67 (1.20–2.32) 0.003 1.31 (0.73–2.37) 0.365

Age (years) 1.08 (1.06–1.09) <0.0001 1.09 (1.06–1.12) <0.0001

Hypertension 3.38 (2.27–5.02) <0.0001 1.15 (0.57–2.31) 0.694
Diabetes 2.26 (1.38–3.70) 0.001 0.82 (0.34–1.97) 0.648

CAD 4.09 (2.32–7.18) <0.0001 2.71 (0.98–7.53) 0.055

CVD 7.11 (3.35–15.08) <0.0001 1.66 (0.50–5.49) 0.405
COPD 3.92 (1.98–7.74) <0.0001 2.27 (0.64–7.97) 0.202

Malignancy 3.30 (1.45–7.47) 0.004 11.73 (2.44–56.36) 0.002

Chronic kidney disease 8.49 (2.98–24.17) <0.0001 21.75 (2.67–177.29) 0.004
Chronic liver disease 0.74 (0.24–2.28) 0.598 – –

Abbreviations: CAD, coronary artery disease; CVD, cerebrovascular diseases; COPD, chronic obstructive pulmonary disease.
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other baseline data regarding gender composition, smok
ing status, prevalence of comorbidity or sleep-breathing 
parameters (neck circumference, AHI, T90, Min SpO2, 
Mean SpO2).

Logistic regression analysis showed that older age, low 
BMI, poor lung function and COVID-19 were risk factors 
of all-cause mortality for COPD patients, in which, older 
age was an independent risk factor (Table 1).

Table 3 Comparison of COPD Patients Conditions During Periods of Epidemic and Non-Epidemic

Parameters 6 Months Between 
Oct.2018 and Mar. 2019

4 Months Between 
Dec.2019 and Mar. 2020

P value

Patients, n 307 489 –

AECOPD patients, n (%) 160 (52.12) 97 (19.84) <0.0001
AE =1, n (%) 91 (29.64) 80 (16.40) <0.0001

AE ≥2, n (%) 69 (22.48) 17 (3.48) <0.0001

AE per person per month, events [median (IQR)] 0.17 (0, 0.17) 0 (0, 0) <0.0001

Hospitalizations, n (%) 90 (29.32) 32 (6.54) <0.0001
Hospitalization per person per month, events [median (IQR)] 0 (0, 0.17) 0 (0, 0) <0.0001

Death, n (%) 2 (0.65) 14 (2.86) 0.023

Abbreviations: AE, acute exacerbation; COPD, chronic obstructive pulmonary disease.

Table 4 Baseline Data of the Followed-Up Patients with COPD (n = 489)

Parameters Survival Group Death Group P-value

Number of patients, n (%) 475 14 (2.86) -

Sex 0.335
Male, n (%) 440 (92.63) 12 (85.71)

Female, n (%) 35 (7.37) 2 (14.29)

Age, years 68.15±8.71 74.07±7.75 0.012

Education degree 1.000

No education, n (%) 20 (4.21) 1 (7.12)
Primary and above, n (%) 455 (95.79) 13 (92.86)

BMI, kg/m2 22.91±3.85 20.40±4.99 0.017

Neck circumference, cm 37.78±3.08 36.50±4.36 0.130
COVID-19, n (%) 1 (0.22) 1 (7.14) 0.056

Hypertension, n (%) 176 (37.05) 6 (42.86) 0.658

Diabetes, n (%) 43 (9.05) 1 (7.14) 0.806
CAD, n (%) 117 (24.63) 3 (21.43) 0.784

CVD, n (%) 28 (5.89) 2 (14.29) 0.197

FVC, L 2.93±0.82 1.98±0.54 0.001
FVC%, % 92.01±21.57 63.44±18.57 <0.0001

FEV1, L 1.37±0.64 0.87±0.45 0.021

FEV1%, % 53.31±21.66 37.11±17.16 0.026
FEV1/FVC, % 45.95±13.56 43.89±16.38 0.654

AHI, events/hour 14.49±13.82 14.33±13.40 0.966

T90, % 13.51±24.34 20.12±33.43 0.323
Min SpO2, % 77.94±12.97 73.79±14.44 0.252

Mean SpO2, % 92.38±5.62 90.61±7.06 0.252

Tobacco use, n (%) 407 (85.68) 13 (92.86) 0.711
Current tobacco use, n (%) 90 (18.95) 2 (14.29) 0.490

Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass index; CAD, coronary artery disease; CVD, cerebrovascular diseases; FVC, forced vital 
capacity; FEV1, forced expiratory volume in one second; AHI, apnea-hypopnea index; T90, percentage of sleep time with SpO2 less than 90%; Min SpO2, minimum oxygen 
saturation during sleep; mean SpO2, mean oxygen saturation during sleep.
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Table 5 Comorbidities and Deaths in 821 Patients with Confirmed COVID-19

Parameters Total Death Death/Total (%)

Number, N 821 180 21.9
Hypertension, n (%) 224 (27.3) 92 (51.1) 41.1

Diabetes, n (%) 87 (10.6) 33 (18.3) 37.9

CAD, n (%) 60 (7.3) 32 (17.8) 53.3
CVD, n (%) 37 (4.5) 27 (15.0) 73.0

COPD, n (%) 37 (4.5) 19 (10.6) 51.4

Malignancy, n (%) 27 (3.3) 14 (7.8) 51.9
Chronic kidney disease, n (%) 19 (2.3) 14 (7.8) 73.7

Chronic liver disease, n (%) 19 (2.3) 4 (2.2) 21.1

Abbreviations: CAD, coronary artery disease; CVD, cerebrovascular diseases; COPD, chronic obstructive pulmonary disease.

Table 6 The First-Episode Syndromes and Comorbidities in Confirmed COVID-19 Deaths with or without COPD

Parameters Death Cases 
(n=180)

With COPD 
(n =19)

Without COPD 
(n=161)

P value

Sex, M:F 101:79 11:8 90:71 0.868

Age, years (IQR) 71 (62–80) 74 (67–81) 70 (60–80) 0.139

Comorbidities
Diabetes, n 33 4 29 0.756

Hypertension, n 92 10 82 0.889

CAD, n 32 7 25 0.022
CVD, n 27 7 20 0.005

Chronic liver disease,n 4 0 4 1.000

Malignancy, n 14 2 12 0.646
Chronic kidney disease,n 14 1 13 1.000

First symptoms
Fever (T ≥37.0°C), n 157 16 141 0.715

Tmax,°C(IQR) 38.5 (38–39) 38.5 (38.1–38.6) 38.6 (38–39) 0.246

Dry cough, n 122 14 108 0.560
Expectoration, n 69 13 56 0.004

Chest tightness, n 107 12 95 0.727

Dyspnea, n 120 12 108 0.732
Myalgia, n 13 1 12 1.000

Nausea, n 5 1 4 0.431

Vomiting, n 7 1 6 0.548
Diarrhea, n 9 2 7 0.243

Severity on admission 0.654
Mild, n 0 0 0

Moderate, n 5 1 4

Severe, n 110 10 100
Critical, n 65 8 57

Death time after hospitalization, d (IQR) 8 (4–12) 7 (3–13) 8 (4–12) 0.794

Abbreviations: COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; CVD, cerebrovascular diseases.
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Comorbidities and Deaths in Confirmed 
COVID-19 Cases
We analyzed the prevalence of comorbidity, mortality and 
risk factors of all-cause mortality in confirmed COVID-19 
patients (Table 5). Of 821 discharged cases, 335 cases 
(40.8%) had comorbidities and 486 cases (59.2%) did 
not. The order of comorbidity rate was hypertension 
(27.3%), diabetes (10.6%), coronary artery disease 
(7.3%), cerebrovascular diseases (4.5%), COPD (4.5%), 
malignancies (3.3%), chronic kidney disease (2.3%) and 
chronic liver disease (2.3%). However, of 180 confirmed 
deaths with COVID-19, 92 cases (51.1%) were combined 
with hypertension, 33 cases (18.3%) with diabetes, 32 
cases (17.8%) with coronary artery disease, 27 (15.0%) 
with cerebrovascular diseases, 19 (10.6%) with COPD, 14 
(7.8%) with malignancies, 14 (7.8%) with chronic kidney 
disease and 4 (2.2%) with chronic liver disease (Table 5).

The clinical features of the 180 deaths with confirmed 
COVID-19 are shown in Table 6. Of the 37 confirmed 
COVID-19 patients with pre-existing COPD, 19 cases died, 
a mortality rate of 51.4% (Table 5). Compared to COVID-19 
deaths of patients without COPD, the COVID-19 deaths of 
patients with COPD had a higher rate of coronary artery 
disease or cerebrovascular diseases, more expectoration. 
There was no significant difference between the two groups 
in terms of gender, age, severity of disease, other first- 
episode symptoms and time of death after hospitalization. 
The first-episode syndromes and comorbidities in confirmed 
COVID-19 deaths with or without COPD are shown in Table 
6. Compared with the deaths of patients without COPD, the 
patients with COPD who died had higher levels of CRP, 
fibrinogen and IL-4, and lower levels of albumin, LDH and 
D-dimer (Table 7). Furthermore, the characteristics of 
COVID-19 deaths of patients with COPD and the followed- 
up COPD deaths during the pandemic were compared 
(Table 8), and older age, more comorbidities and lower 
lung function parameters were their common features. Risk 
factors associated with the death of confirmed COVID-19 
patients were male, old age and comorbidities (Table 2).

Discussion
In this study, we explored whether the infection by SARS- 
CoV-2 increases the risks of AEs and all-cause mortality in 
patients with COPD during the breakout of COVID-19. We 
found that AEs and hospitalizations of patients with COPD 
were infrequent, but the risk of all-cause mortality increased 
in hospitalized COVID-19 patients with pre-existing COPD.

In a total of 489 COPD patients followed-up during the 
four months of the epidemic, only 2 of them were diagnosed 
as confirmed cases of COVID-19, 1 of which died. Ninety- 
seven cases (19.84%) had AEs of COPD, 32 cases (6.54%) 
of which were hospitalized. Both the rates of AEs and hospi
talizations (events per person per month) were lower than the 
prevalence rates in 307 cases of this cohort during the non- 
epidemic period 1-year ago. In addition, 4.5% of hospitalized 
patients with COVID-19 and 10.6% of confirmed deaths 
overlapped COPD, in which, the rates of COPD were much 
lower than other comorbidities, such as hypertension, dia
betes, cardiovascular disease and cerebrovascular diseases. 
The results indicated that COVID-19 had a slight effect on 
AEs and hospitalization in COPD patients, which was con
sistent with a study of SARS patients16 and a literature 
review on published cases of COVID-19.17 That review 
concluded that the COVID-19 epidemic was a low rate 
associated with previous chronic pulmonary diseases, eg 
COPD, asthma, and bronchiectasis.17

We also found that patients with COVID-19 had a high 
prevalence rate (40.8%) of comorbidities except for COPD 
(4.5%), including hypertension (27.3%), diabetes (10.6%), 
cardio-cerebrovascular diseases (4.5% and 7.3%), malignan
cies (3.3%), chronic kidney disease (2.3%) and chronic liver 
disease (2.3%). The deaths with COVID-19 had a much higher 
prevalence of comorbidities (shown in Table 6), 10.6% of 
which were combined with COPD. These findings are in 
agreement with the results published by Zhou et al18 and Wu 
et al19 from China, and Grasselli et al from Italy.20 However, 
our patients did not overlap with those studied by Zhou et al 
and Wu et al, which were from two other hospitals in Wuhan.

Another important finding in the present study was that 
the risk of all-cause mortality increased in hospitalized 
COVID-19 patients with pre-existing COPD. Of the 37 
confirmed COVID-19 patients with pre-existing COPD, 19 
cases died, a mortality rate of 51.4%. COVID-19 patients 
with pre-existing COPD simultaneously combined with 
cardio-cerebrovascular co-morbidities are at a higher risk 
of all-cause mortality (Table 7). Moreover, we found that 
14 patients with COPD died during the 4-month follow-up 
period of the COVID-19 epidemic in Hubei. For causes of 
all-cause mortality, only 1 case died of confirmed COVID- 
19 and 4 cases died of comorbidities, eg hematological 
malignancies, cerebrovascular disease and failure of lung 
transplantation. Nine cases died of respiratory failure 
caused by AEs of COPD, however, it was not clear if 
those deaths were associated with COVID-19 due to 
a lack of data. Old age, low BMI, poor lung function and 
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COVID-19 may be risk factors of all-cause mortality for 
COPD patients during the epidemic of COVID-19, which 
is consistent with previous findings about risk factors of 
all-cause mortality in COPD patients during the non- 
epidemic period.21,22 A meta-analysis study revealed that 
COVID-19 patients with pre-existing COPD had a 5.9-fold 
higher risk of aggravation than patients without COPD.23 

However, body mass index (BMI) has different effects on 
all-cause mortality of COVID-19 or COPD, obesity may 

be a risk factor for poor outcome in COVID-19-induced 
lung injury24 and low BMI is associated with a higher risk 
of all-cause mortality for patients with COPD.25 In the 
present study, we found that low BMI was related with 
worse prognosis in COVID-19 subjects with pre-existing 
COPD.

The roles of coronaviruses on AEs of patients with 
COPD have already been investigated to some extent, but 
the results have not been consistent.11–13 The SARS 

Table 7 Laboratory Results in Confirmed COVID-19 Deaths with or without COPD

Parameters Death Cases (n=180) With COPD (n = 19) Without COPD (n=161) P value

N IQR or n/N N IQR or n/N N IQR or n/N

Age (years) 180 71 (62–80) 19 74 (67–81) 161 70 (60–80) 0.139

Sex, n (M:F) 180 101:79 19 11:8 161 90:71 0.868

WBC, ×109/L 174 7.26 (4.64–10.74) 19 7.35 (5.11–10.89) 155 7.17 (4.54–10.72) 0.589

<4 30 1 29 0.203
N,×109/L 174 6.1 (3.78–9.34) 19 6.48 (3.5–10.28) 155 6.07 (3.79–9.33) 0.692

L,×109/L 174 0.36 (0.25–0.56) 19 0.31 (0.25–0.5) 155 0.36 (0.25–0.57) 0.512

<1.0 164 19 145 0.604

Haemoglobin, g/L 174 106 (80–122) 19 97 (82–121) 155 107 (80–122) 0.817

Platelet count,×109/L 174 109 (48–166.75) 19 111 (76–156) 155 109 (42–172) 0.22
CRP, mg/L 152 144.85 (77.18–200) 16 199.85 (121.73–210.43) 136 123.1 (76.9–197.7) 0.019

Albumin, g/L 173 34.3 (31.6–37.2) 19 32.72 (29.7–34.85) 154 34.47 (31.9–37.48) 0.014

ALT, U/L 173 44 (25–97) 19 37 (17–63) 154 44.5 (25.75–104.25) 0.15
AST, U/L 173 62 (36–139) 19 47 (35–122) 154 63.5 (36–139.5) 0.291

Alkaline phosphatase, U/L 169 100 (67.95–157) 19 102.4 (67–150) 150 100 (67.98–160.25) 0.872

Bilirubin, mmol/L 173 20 (11.95–32.20) 19 16.2 (11.8–28) 154 21.05 (11.98–33.15) 0.334
Potassium, mmol/L 172 3.6 (3.2–4.06) 19 3.28 (2.8–3.78) 153 3.67 (3.2–4.125) 0.043

Sodium, mmol/L 172 138 (133.7–142) 19 138 (131–142) 153 138 (133.8–142) 0.885

Urea, mmol/L 173 13.9 (8.7–26.86) 19 11.91 (8.7–27.5) 154 13.9 (8.7–26.85) 0.732
Creatinine, umol/L 173 95 (67–192.5) 19 93 (71–168) 154 95.5 (66–197) 0.979

Creatine kinase, U/L 163 174 (71–512) 18 211.5 (61.5–441.5) 145 174 (74–565.5) 0.591
LDH, U/L 163 604 (420–909) 18 414 (326–537.75) 145 634 (438.5–963.5) 0.003

Ultra-TnI, ng/mL 156 0.42 (0.04–2.1) 17 0.16 (0.06–0.63) 139 0.46 (0.04–2.47) 0.287

D-dimer,mg/L 166 13.83 (3.56–64.19) 18 3.46 (2.04–30.36) 148 14.76 (4.37–65.42) 0.043
Fibrinogen, g/dL 166 2.95 (1.42–5.12) 18 4.42 (3–6.85) 148 2.79 (1.27–4.81) 0.006

Prothrombin time, s 166 14.4 (12.7–17.13) 18 14.2 (13.38–15.4) 148 14.45 (12.63–17.20) 0.848

APTT, s 166 32.65 (29.2–38.5) 18 34.85 (30.18–49.05) 148 32.5 (29.13–38.18) 0.177
Oximetry saturation, % 171 83 (70–90) 18 83.5 (70–89.25) 153 83 (70–91) 0.932

IgG for SARS-CoV-2, AU/mL 19 129.14 (56.12–176.56) 0 ND 19 129.14 (56.12–176.56) ND

IgM for SARS-CoV-2, AU/mL 19 25.84 (12.4–73.08) 0 ND 19 25.84 (12.4–73.08) ND
IL-2, pg/mL 23 4.05 (3.77–4.78) 3 4 (4-) 20 4.01 (3.76–4.73) 0.337

IL-4, pg/mL 23 4.03 (3.27–4.66) 3 5 (4-) 20 3.86 (3.27–4.30) 0.018

IL-6, pg/mL 50 122.79 (34.26–721.99) 5 171.53 (9.75-) 45 113.77 (40.55–648.11) 0.759
IL-10, pg/mL 23 18.71 (8361–36.04) 3 24 (14-) 20 16.41 (6.91–34.77) 0.411

TNF, pg/mL 23 3.58 (2.95–4.39) 3 4 (3-) 20 3.65 (2.89–4.32) 0.927

INF-γ, pg/mL 23 4.3 (3.64–6.04) 3 4 (4-) 20 4.29 (3.63–6.36) 0.855

Abbreviations: WBC, white blood cell; N, neutrophil; L, lymphocyte; CRP, C-reactive protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, 
lactate dehydrogenase; Ultra-TnI, hypersensitivity cardiac troponin I; APTT, activated partial thromboplastin time; SARS-CoV-2, 2019 novel coronavirus; IL, interleukin; TNF, 
tumor necrosis factor; INF-γ, interferon-γ; ND, no data.
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coronavirus has a 70% homology with SARS-CoV-2.26 

Although chronic diseases are risk factors for SARS 
infection and progression toward death, COPD was not 
the most common comorbidity and its prevalence was 
lower than cardiovascular disease and diabetes in SARS 
patients.16,27 The SARS associated coronavirus was not 
detected by RT-PCR in lower respiratory tract specimens 
of COPD patients with AEs.11 However, smokers and 
patients with COPD were more susceptible to MERS 
coronavirus infections28 and may have worse 
outcomes,12,13 which could be partially explained by 
upregulated levels of MERS-CoV receptors in the lungs 
of smokers and COPD patients.29 Angiotensin-converting 
enzyme-2 (ACE-2) receptor could be an adhesion mole
cule for SARS-CoV-2 that causes COVID-19,30 the 
known receptor for both the SARS-coronavirus31 and 
the human respiratory coronavirus NL63.32 Cigarette 
smoking and COPD may up-regulate ACE-2 expression 
in lower airways,33,34 and one might anticipate that these 
populations would be at increased risk of SARS-CoV-2 
infections and more severe presentations of COVID-19.34 

In a systematic review, Alqahtani and colleagues35 con
cluded that COPD and ongoing smoking is most likely 
associated with the negative progression and adverse out
comes of COVID-19. However, it is striking that patients 
with chronic respiratory diseases, particularly COPD and 

asthma, appear to be under-represented in the comorbid
ities reported for patients with COVID-19.20,36 As for the 
correlation between coronavirus infection and pre- 
existing chronic pulmonary disease, our findings are 
somewhat similar to the SARS study other than the 
MERS results, and therefore, it needs to be further 
characterized.

The strength of this study lies in the fact that we not only 
conducted a retrospective analysis of patients with COVID- 
19, but also targeted a prospectively recruited cohort of 
COPD patients in the Hubei province to retrospectively 
follow-up their conditions during the whole COVID-19 pan
demic, which may better reflect the conditions of COPD 
patients in the epidemic and non-epidemic periods.

We also acknowledge several limitations of this study. 
First, data of lung function and BMI could not be obtained 
for many patients due to the epidemic period, which may 
influence analysis of the results. Second, it is unclear about 
the exact causes and the relationship with COVID-19 in 
the deaths of 9 patients with COPD during the follow-up, 
after all, second-hand reports via phone interviews with 
family members cannot be as effective as first-hand med
ical data. Third, many patients were instructed to stay 
home due to strict isolation measures during the pandemic. 
Severe patients had to visit the hospital, having greater 
mortality risk and biasing outcomes.

Table 8 The Characteristics of COPD Deaths in Confirmed COVID-19 Cases and During the Followed-Up

Parameters COVID-19 Confirmed Deaths with COPD# COPD Deaths During COVID-19 Pandemic P-value

Number, N 20 13

Sex (M:F) 12:8 11:2 0.245

Age, years 74 (67–84) 71.5 (67.75–81) 0.691

BMI, kg/m2 22.45 (18.75–24.53) 20.06 (16.56–22.95) 0.231

FEV1, L 1.96 (1.57-)* 0.69 (0.55–1.57)§ 0.034

FVC, L 3.06 (2.93-)* 2.11 (1.59–2.60)§ 0.014

FEV1/FVC, % 65 (51-)* 41 (32.5–64.25)§ 0.108

Hypertension, n (%) 10 (50.0) 3 (23.1) 0.159

Diabetes, n (%) 4 (20.0) 1 (7.7) 0.625

CAD, n (%) 7 (35.0) 3 (23.1) 0.701

CVD, n (%) 7 (35.0) 4 (30.8) 1.000

Malignancy, n (%) 2 (10.0) 2 (15.4) 1.000

Chronic kidney disease, n (%) 1 (5.0) 1 (7.7) 1.000

Chronic liver disease, n (%) 0 (0) 0 (0) No data

Notes: #A male confirmed case with COVID-19 during followed-up was incorporated in group for statistics. *n=3; §n=10. 
Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass index; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; CAD, 
coronary artery disease; CVD, cerebrovascular diseases.
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Conclusions
Our study revealed that: (a) compared with the non- 
pandemic period, the incidence of AEs and hospitalization 
in COPD patients was significantly reduced during the 
epidemic period; (b) the all-cause mortality of COPD 
patients during the epidemic period was significantly 
higher than that during the non-epidemic period; (c) 
COPD patients with advanced age, lower BMI or poorer 
lung functions were more likely to die during the outbreak 
of COVID-19.
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