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Background: Comorbid disease is a risk factor for severe coronavirus disease 2019 (COVID-19) infection. 
However, initial rates of chronic obstructive pulmonary disease (COPD) in case series were low and severity of 
COVID-19 in COPD patients was variable.
Methods: We performed a retrospective study of patients admitted with COVID-19 and evaluated outcomes 
in those with and without COPD and/or emphysema. Patients were identified as having COPD if they had 
a diagnosis in the medical record and a history of airflow-obstruction on spirometry, or a history of tobacco 
use and prescribed long-acting bronchodilator(s). Computed tomography scans were evaluated by radiologists. 
Propensity matching was performed for age, body mass index (BMI), and serologic data correlated with severity 
of COVID-19 disease (D-dimer, C-reactive protein, ferritin, fibrinogen, absolute lymphocyte count, lymphocyte 
percentage, and lactate dehydrogenase).
Results: Of 577 patients admitted with COVID-19, 103 had a diagnosis of COPD and/or emphysema. The 
COPD/emphysema cohort was older (67 versus 58, p<0.0001) than the other cohort and had a lower BMI. Among 
unmatched cohorts those with COPD/emphysema had higher rates of intensive care unit (ICU) admission (35% 
versus 24.9%, p=0.036) and maximal respiratory support requirements, with more frequent invasive mechanical 
ventilation (21.4% versus 11.8%), but no significant difference in mortality. After propensity-matching there 
was no difference in ICU admission, maximal respiratory support requirements, or mortality. Univariate and 
multivariate regression analyses yielded similar results.
Discussion: Our propensity-matched retrospective cohort study suggests that patients hospitalized with 
COVID-19 who have COPD and/or emphysema may not have worse outcomes than those without these 
comorbid conditions.
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Coronavirus disease 2019 (COVID-19) presents with 
a wide range of severity and has caused a worldwide 
pandemic.1,2 Initial reports from China described a 
disease where 81% of individuals who test positive 
are asymptomatic, have mild symptoms, or a mild 
pneumonia, while 19% have disease severe enough to 
warrant hospitalization, and 5% overall progressing 
to critical illness and requiring intensive care.3 
Predictors for disease severity, intensive care unit 
admission, use of mechanical ventilation, or death 
reported initially out of China included age over 65 
years and presence of comorbid disease.4 Comorbid 
disease included cardiovascular disease, diabetes, 
hypertension, chronic obstructive pulmonary disease 
(COPD), and immunosuppression. 

Severity of outcomes in patients with COPD 
hospitalized with COVID-19 in reported data varies. 
An early report out of China of 1099 patients with 
COVID-19 had 137 current smokers, 12 former 
smokers, and only 12 patients (1.1%) with COPD.4 
A study of 191 hospitalized patients with COVID-19 
from China only reported 6 patients with COPD, 
with 4 dying (7% of total deaths) and 2 surviving 
to hospital discharge and only 11 patients of the 
191 were smokers.5 A report of 90 patients infected 
reported only 1 with COPD, with more common 
comorbidities including coronary artery disease, 
diabetes, and hypertension.6 A series of 1591 patients 
admitted to the intensive care unit (ICU) in Italy 
with COVID-19 reported 4% of patients with COPD, 
while other comorbidities such as hypertension were 
more prevalent.7 In the United States, a case series 
describing 21 patients admitted to ICUs in the Seattle 

Background

Patient Population
We performed a retrospective chart review of adult 
patients 18 years or older admitted to Temple 
University Hospital in Philadelphia, Pennsylvania 
with COVID-19 from March 18, 2020 to May 04, 
2020. Data was collected through manual data 
extraction via the electronic medical record with the 
use of quality evaluations by the investigators. 

Diagnosis of Coronavirus 2019 Infection
The diagnosis of patients with COVID-19 pneumonia 
was based on symptoms, presence of infiltrates on 
chest X-ray or high-resolution CT scan with a positive 
reverse transcription polymerase chain reaction (RT-
PCR) nasopharyngeal swab for COVID-19. High 
resolution CT scans were performed for clinical utility 
and graded and interpreted by a board-certified 
radiologist.
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area with COVID-19 included 5 smokers and only 1 
person with COPD.8 Two cohorts from New York City 
had the prevalence of COPD between 5.1%–5.4%.9,10

Chronic lung disease was only present in 2.5% of 
patients in a cohort study of patients assessing risk 
of progression to acute respiratory distress syndrome 
(ARDS) or death in China11 and emphysema 
was present in <2% in multiple studies assessing 
computed tomography (CT) imaging features of 
COVID-19 disease.12,13 A meta-analysis of 7 studies 
with a total of 1592 patients with COVID-19 found 
only 1 study where COPD was a significant predictor 
of severe COVID-19 disease. When pooling the data 
of all 7 studies, however, COPD was associated with 
severe COVID-19 disease with an odds ratio of 5.69 
(confidence interval, [CI] 2.49 to13.00).14 Another 
analysis of 1590 patients with COVID-19 found that 
a diagnosis of COPD carried an odds ratio of 2.68 
(CI 1.42 to 5.04) for ICU admission, mechanical 
ventilation, or death.15 COPD was predominantly 
reported as a comorbidity in these studies either by 
patient report on hospital admission or via extraction 
of an existing diagnosis in the medical record.5,16,17  

Herein, in this single-center retrospective study we 
seek to assess the impact of a diagnosis of COPD and/
or the presence of emphysema on CT on the severity 
of presentation and short-term outcomes in patients 
with COVID-19. 
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Patients with negative RT-PCR for COVID-19 test 
were excluded. The study was approved by the Temple 
University Institutional Review Board (Protocol 
number 26854). 

Definition of COPD/Emphysema
Patients were divided into 2 cohorts for analysis- 
patients with a history of COPD and/or emphysema 
on the CT of the chest and those with neither. All 
patients included in the COPD/emphysema cohort 
had either available spirometry showing irreversible 
airflow obstruction or a history of cigarette smoking 
with outpatient use of an inhaled bronchodilator, 
and/or findings of emphysema on CT as interpreted 
by a board-certified radiologist. 

Clinical Variables
Clinical variables collected included age, sex, race, 
body mass index (BMI), comorbidities, and smoking 
status. Laboratory markers suggestive of severity of 
COVID-19 collected included absolute lymphocyte 
count (ALC), such as C-reactive protein (CRP), lactate 
dehydrogenase (LDH), interleukin-6 (IL-6), D-dimer, 
and ferritin. Also analyzed were troponin and brain 
natriuretic peptide. Outcomes analyzed included 
maximal ventilatory support required (oxygen 
supplementation via nasal cannula, high-flow nasal 
cannula oxygen therapy [HFNT], noninvasive 
positive-pressure ventilation [NIPPV], or invasive 
mechanical ventilation), need for intensive care, total 
hospital length-of-stay, and mortality. 

Propensity Scores Matching 
To identify comparable groups with and without 
COPD/emphysema, we used propensity scores 
matching to derive the 2 matched groups for data 
analysis. A nearest neighbor 1:1 variable ratio, 
parallel, balanced propensity scores matching 
method was used after generating the propensity 
scores from the variables age, BMI, d-dimer, CRP, 
ferritin, fibrinogen, absolute lymphocyte count, 
percentage of lymphocytes, and LDH. Given the 
relatively small sample size and to confirm that bias 
was not introduced through propensity matching, 
univariate and multivariate regression analyses 
were also performed for the outcomes of mortality, 
invasive mechanical ventilation, intensive care unit 
admission, and hospital length-of-stay.

Primary Objective
The primary objective of this study was to determine 
if patients admitted with a clinical history of COPD 
and/or radiographic diagnosis of emphysema 
have worse outcomes associated with COVID-19 
pneumonia as compared to patients without COPD/
emphysema.

Statistical Analysis 
Data were expressed as mean ± standard deviation or 
median (interquartile range [IQR]) where applicable 
for continuous variables and frequencies with 
percentages for categorical variables. Continuous 
variables were compared between the 2 groups using 
2-sample t-test and categorical variables with the 
use of the Pearson chi-square test. The non-normally 
distributed laboratory variables were compared 
between the 2 groups using a 2-sample Wilcoxon 
rank-sum test. Survival data was assessed by Kaplan-
Meier curve and compared by log-rank test. A 
p-value<0.05 was considered statistically significant. 
Univariate and multivariate regression analysis 
was performed for 4 primary outcomes–mortality, 
invasive mechanical ventilation, intensive care unit 
admission, and hospital length of stay–in order to 
confirm the findings of the propensity-matching 
analysis. For each outcome, COPD/emphysema was 
analyzed as well as several variables that were deemed 
clinically relevant and had significant differences on 
initial analysis with 2-sample t-test, Pearson chi-
square test, or 2-sample Wilcoxon rank-sum test. All 
the data were analyzed using SAS 9.4 (SAS Institute, 
Cary, North Carolina) and Stata 14.0 (StataCorp. LP, 
College Station, Texas). 

A total of 577 patients with nasopharyngeal RT-
PCR positive for COVID-19, admitted to the hospital 
between March 18-May 4, 2020, were included in the 
analysis. Of these patients, 103 had either a historical 
diagnosis of COPD and/or radiographic evidence of 
significant emphysema. 

Patients with COPD/Emphysema
Fifty-seven of the 103 patients in the COPD/
emphysema cohort had a clinical diagnosis of COPD 
with 46 of the 103 patients having significant 
radiographic evidence of emphysema. Sixteen 

Results
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patients had pulmonary function testing available via 
our electronic medical records, with a median forced-
expiratory volume in 1 second (FEV1) of 1.5 liters 
(69% of predicted). Eleven patients had evidence 
of chronic hypercapnia on arterial blood gas and 10 
patients were on supplemental oxygen at home. 

Fifty-three patients (51.5%) were using either a long-
acting muscarinic agent, long-acting beta2-agonist, 
or inhaled corticosteroid as an outpatient. Forty-
nine of these patients (47.6%) were on combination 
therapy. Sixty-one patients (59.2%) were initiated on 
a long-acting muscarinic, long-acting beta2- agonist, 
or inhaled corticosteroid delivered via nebulized or 
hand-held metered dose inhaler while hospitalized. 
Ninety-seven patients (94.1%) received systemic 
corticosteroids while hospitalized for COVID-19. 
The 7 patients who did not receive steroids had either 
no pulmonary symptoms, a relative contraindication 
such as sepsis from bacterial infection or active 
diverticulitis or left the hospital against medical 
advice before treatment was initiated. 

All patients received CT scans for clinical care 
purposes and all imaging was interpreted and 
reviewed by a board-certified radiologist. CTs showed 
evidence of emphysema in 46 patients. The degree of 
emphysema was quantified via CT densitometry with 
a cutoff criterion of –950 Hounsfield units. Of these 
patients, the average percentage of parenchymal 
emphysema was 5.6% (+5.11%) in the left lung and 
5.6% (+5.3%) in the right lung.

Patient Demographics
The COPD/emphysema cohort had a median age of 
67 years (62–75), which was significantly older than 
the non-COPD cohort with a median age of 58 years 
(46–67) (p=<0.0001). Gender was statistically similar 
between the 2 cohorts. The COPD/emphysema 
cohort had a lower median BMI (28.3) compared to 
the non-COPD cohort (31.1) (p=<0.0001). Smoking 
history determined through intake history showed 
the COPD/emphysema cohort had higher median 
pack years (35, IQR 10.5–45)) compared to the 
non-COPD cohort (20, 11.8–36), but this was not a 
statistically significant finding. More patients in the 
COPD/emphysema cohort (28.2%) were still actively 
smoking. Complete demographics are shown in Table 1. 

Laboratory Findings
On admission, we used inflammatory markers as a 

surrogate to represent the severity of a COVID-19 
associated cytokine storm. The COPD cohort had 
higher IL-6 levels compared to the non-COPD 
cohort, but the difference was not statistically 
significant. However, the COPD cohort had a 
significantly higher median D-Dimer (1005 ng/mL) 
compared to the non-COPD cohort. As expected, 
the COPD cohort had more comorbidities than the 
non-COPD cohort (represented in Table 2), with the 
difference in coronary artery disease (25.2% versus 
11.8%), congestive heart failure (34% versus 15.6%) 
and history of stroke (17.5% versus 8.6%) being 
statistically significant. 

Clinical Outcomes
Outcomes between the 2 cohorts are shown in Table 
3. The COPD/emphysema cohort had significantly 
more ICU admissions (35% versus 24.9%, p=0.036) 
and needed more advanced respiratory support, 
including oxygen via HFNT, NIPPV (22.3% 
versus17.1%) and mechanical ventilation (21.4% 
versus 11.8%) compared to the non-COPD cohort. 
Mortality was not significantly different between the 
2 cohorts.

Propensity Matching 
We applied propensity matching for potential 
confounders of age, BMI, and severity of COVID-19 
on presentation. After propensity matching, the 103 
patients of the COPD cohort were compared to 103 
patients in the non-COPD cohort. Full demographic, 
comorbidities, and laboratory data are shown in Table 
1. 

After propensity matching, there was no statistically 
significant difference observed between the COPD 
and the non-COPD cohort in age, BMI, or any of the 
selected inflammatory markers. Median pack years 
and active smoking status were statistically higher in 
the COPD cohort. Of note, the statistical difference 
seen prior in coronary artery disease, congestive 
heart failure, and stroke history was not observed in 
the cohorts after propensity matching (Table 2). 

Outcomes of the matched cohorts are shown 
in Table 3. There was no statistically significant 
difference between ICU admissions and level 
of respiratory failure after propensity matching 
between the COPD and non-COPD cohort. Survival 
probability was assessed via Kaplan-Meier and there 
was no difference in survival between the COPD and 
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non-COPD cohort over the first 80 days after initial 
admission for COVID-19. (Figure 1) 

Univariate and Multivariate Regression 
Analysis
On univariate analysis a diagnosis of COPD 
emphysema was associated with a higher rate of 
ICU admission with an odds ratio of 1.62 (1.03–
2.56, p=0.038) and with a higher risk of invasive 
mechanical ventilation with an odds ratio of 2.03 
(1.17–3.51, p=0.011). There was no significant 
difference for mortality with an odds ratio of 1.01 
(0.6–2.2, p=0.68) or hospital length-of-stay (p=0.296). 
When multivariate regression analysis with variables 
significant on univariate analysis was performed, a 
diagnosis of COPD/emphysema was not associated 
with significant differences in any of the primary 
outcomes. This analysis is shown in Tables 4, 5, 6 
and 7.

This retrospective observational study of patients 
hospitalized with COVID-19 found no major 
differences in the outcomes between patients with and 
without COPD and/or emphysema after propensity 
matching for age, BMI, and markers associated with 
COVID-19 disease (ALC, ferritin, D-Dimer, LDH, 
fibrinogen, and CRP). In the unmatched cohorts we do 
not report a higher rate of mortality or hospital length 
of stay in patients with COPD and/or emphysema 
but did find that they more frequently were admitted 
to the ICU and required higher levels of maximal 
respiratory support. Univariate and multivariate 
regression analyses yielded similar results.

Patients with COPD and/or emphysema were 
significantly older, had a lower BMI, had higher 
D-Dimer values, and higher rates of cardiovascular 
comorbidity (coronary artery disease, congestive 

Discussion
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heart failure, and stroke). Of note, the higher D-dimer 
level may have been due to the older age in the COPD/
emphysema group. Univariate and multivariate 
regression analysis did confirm that age, but not 
COPD/emphysema, was correlated with an elevated 
D-dimer level.

The cohort of patients had a relatively high 
prevalence of COPD/emphysema, likely due to 
high rates of cigarette smoking in the area around 
the study hospital and the fact that the hospital is a 
referral center for patients with COPD. While active 
smokers had a higher rate of mechanical ventilation 
on univariate analysis, neither active nor former 
smokers did after multivariate analysis (Table 5). A 
significant number of patients were on controller-
inhaler therapy as an outpatient, some on inhaled 
corticosteroids. Debate over potential impairment of 
antiviral responses in those on inhaled corticosteroids 
with COVID-19 exists, however, a recent meta-
analysis and a systematic review have not shown a 
difference in mortality or rates of severe disease.18,19 
We chose to propensity-match for age because older 
patients with COVID-19 have been shown to have 
worse outcomes and higher mortality.8,15,16,20 BMI 

was also matched both because obesity has been 
associated with worse COVID-19 outcomes21,22 and 
because both obesity and low BMI are associated 
with worse outcomes in patients with COPD.23,24 
COVID-19 has been associated with lymphopenia 
as well as elevated inflammatory markers. These 
markers of elevation can correlate with COVID-19 
disease severity so we chose to include it in our 
propensity matching.5,10,25–27 We did not propensity 
match for a history of coronary artery disease, 
congestive heart failure, or history of prior stroke 
because cardiovascular disease is a known, associated 
comorbidity in patients with COPD,28,29 but it is worth 
noting that when controlling for age, our propensity-
matched groups did not have significant differences 
with regards to these comorbidities, nor with others 
such as hypertension, diabetes mellitus, or chronic 
kidney disease. Unsurprisingly, active smoking was 
higher in the COPD/Emphysema cohort both before 
and after propensity matching. 

Comorbid disease has been associated with worse 
outcomes in patients with COVID-19. Specifically, 
comorbid hypertension, diabetes, heart disease, and 
kidney disease have been correlated with increased 
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risk of hospitalization and death.7,9,15,30,31 In a 
meta-analysis, although only 1 of 7 studies had shown 
a significant association, pooled data showed COPD 
to be associated with severe COVID-19 disease. The 
value of our propensity matching methodology is to 
control for age, BMI, and known laboratory markers 
associated with COVID-19 disease in comparing 
patients with and without COPD/emphysema. 

The similar outcomes for patients with and without 
COPD/emphysema at our large academic center 
suggest that patients with COPD may not necessarily 
be at higher risk for worse outcomes when hospitalized 
for COVID-19. Similar findings have recently been 
reported on multivariate analysis for the outcomes 
of ICU admission and death.32 We report data from 
the earlier months of the pandemic in the United 
States when practice varied on utilization of invasive 
mechanical ventilation rather than using NIPPV or 
HFNT out of a concern for aerosolization of virus 
particles and increased risk of disease transmission 
to health care workers.33–36 Invasive mechanical 
ventilation has been associated with higher mortality 
in COVID-19 patients,7,37,38 and evidence is 
accumulating that aerosolization from the respiratory 
tract on HFNT and NIPPV is less concerning.39,40 
Data reported by our institution in a separate study 
reported relatively low use of invasive mechanical 
ventilation and favorable outcomes associated with 
the use of HFNT.41 In addition, many of our patients 
received glucocorticoids and bronchodilators 
either in the form of inhalers or nebulized therapy 
regardless when indicated. The avoidance of invasive 
mechanical ventilation, use of glucocorticoids, and 
use of bronchodilators all are factors that may explain 

why our propensity-matched group of patients 
with COPD and/or emphysema did not have worse 
outcomes. 

Our study has several limitations, including 
the following examples. It is a single-center, 
retrospective study. COPD is a heterogenous disease 
with various phenotypes and this study is limited 
in not evaluating these differences such as disease 
severity and exacerbation history. Our control 
group had a high rate of active smoking, although 
the COPD/emphysema group had significantly 
higher rates before and after matching. We chose to 
group patients with a diagnosis of COPD along with 
patients with emphysema on CT imaging as these are 
related conditions and it allowed a greater number of 
patients to be compared. We attempted to objectively 
characterize COPD/emphysema based on a history 
of smoking, prior prescription of a long-acting 
bronchodilator and by having all CT scans evaluated 
by a radiologist to determine presence of emphysema. 
It is established that COPD is underdiagnosed in the 
population in general and that may lead to missing 
some patients affected with early, asymptomatic, or 
undiagnosed disease which we attempt to mitigate 
with our radiologic inclusion criteria.42–44 

In conclusion, our findings suggest that although 
patients with COPD and/or emphysema hospitalized 
with COVID-19 were found to have higher maximal 
respiratory requirements and more frequent ICU 
admission prior to propensity matching, they do not 
necessarily have worse outcomes including mortality. 
Further investigation into outcomes of patients with 
these common diseases in the setting of the ongoing 
COVID-19 pandemic is warranted.
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