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A B S T R A C T

Background: We sought to determine whether COPD conferred a higher risk for healthcare utilization in
terms of hospitalization and clinical outcomes due to COVID-19.
Methods: A cohort study with covariate adjustment using multivariate logistic regression was conducted at
the Cleveland Clinic Health System in Ohio and Florida. Symptomatic patients aged 35 years and older who
were tested for SARS-CoV-2 between March 8 and May 13, 2020 were included.
Findings: 15,586 individuals tested for COVID-19 at the Cleveland Clinic between March 8, 2020 and May 13,
2020 met our inclusion criteria. 12.4% of COPD patients (164/1319) tested positive for COVID-19 compared
to 16.6% (2363/14,267) of the non-COPD population. 48.2% (79/164) of COVID-19 positive COPD patients
required hospitalization and 45.6% (36/79) required ICU admission. After adjustment for covariates, rates of
COVID-19 infection were not significantly different than the non-COPD population (adj OR 0.97; CI: 0.89
−1.05), but COPD patients had increased healthcare utilization as demonstrated by risk for hospitalization
(adj OR 1.36; CI: 1.15−1.60), ICU admission (OR 1.20; CI: 1.02−1.40), and need for invasive mechanical venti-
lation (adj OR 1.49; CI: 1.28−1.73). Unadjusted risk for in-hospital mortality was higher in the COPD popula-
tion (OR 1.51; CI: 1.14−1.96). After adjusting for covariates however, the risk for in-hospital mortality was
not significantly different than the non-COPD population (adj OR 1.08: CI: 0.81−1.42).
Interpretation: Our analysis demonstrated that COPD patients with COVID-19 had a higher risk for healthcare
utilization, although adjusted in-hospital mortality risk was not different than the non-COPD patients with
COVID-19.

© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The recent and ongoing outbreak of the coronavirus disease 2019
(COVID-19) has posed critical challenges for the research and medical
communities. Patients with advanced age or comorbidities (including
diabetes mellitus, hypertension, and obesity) are at increased risk for
severe outcomes related to COVID-19 [1]. While chronic obstructive
pulmonary disease (COPD) has been designated as a high risk condi-
tion, there is very limited data analyzing rates of healthcare utiliza-
tion and clinical outcomes related to COVID-19 in the COPD
population to date [2, 3].

The impact of COVID-19 on COPD patients has been reported in a
limited number of patients from single centers and case series with a
wide range of clinical outcomes [4]. A recent meta-analysis noted that
COPD patients were more likely to have severe disease, and were at a
higher risk of mortality compared to the general population. This study
also noted a higher mortality rate amongst current smokers with COPD
[4]. However the highly heterogeneous and low prevalence of COPD in
current observational studies has made firm conclusions difficult [1-4].
There is significant concern that COPD patients are at a higher risk for
severe disease due to COVID-19 for multiple reasons. First, COPD
patients tend to be older and have more comorbidities which are risk
factors for COVID-19 severity [1]. Second, COPD patients are often
treated with inhaled or oral corticosteroids. Using corticosteroids may
increase the risk for acquiring COVID-19 through immunosuppression
and may worsen the severity of disease by promoting viral shedding, a
phenomenon observed with related coronaviruses, MERS-CoV and
SARS-CoV [5, 6]. Third, there is evidence that active smokers and
patients with COPD have increased upregulation of the ACE2 receptor
in lung epithelial cells [7], which is the site where SARS-CoV-2 binds to
gain entry into host cells and cause COVID-19 infection [8].
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Research in context

Evidence before this study

Patients with advanced age or comorbidities like COPD are at
increased risk for severe outcomes related to COVID-19. While
COPD has been designated as a high risk condition, there is
very limited data analyzing rates of healthcare utilization and
clinical outcomes related to COVID-19 in the COPD population
to date. We sought to determine whether COPD conferred a
higher risk for healthcare utilization in terms of hospitalization
and clinical outcomes due to COVID-19. We performed a cohort
study with covariate adjustment using multivariate logistic
regression of the Cleveland Clinic Health System in Ohio and
Florida.

Added value of this study

This study is the largest and most comprehensive to date ana-
lyzing COPD outcomes in the context of the COVID-19
pandemic.

Implications of all the available evidence

COPD patients with COVID-19 had a higher risk for healthcare
utilization, although adjusted in-hospital mortality risk was not
different than the non-COPD patients with COVID-19.
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Given these distinct features of COVID-19, and the potential public
health impact on COPD, we sought to determine whether COPD
patients where at a higher risk for hospitalization and poor clinical
outcomes compared to the non-COPD population. To answer these
questions, we used the Cleveland Clinic COVID-19 registry which
tracks symptomatic patients who are referred by their physicians for
COVID-19 testing. The registry records clinical variables, laboratory
testing, imaging data, healthcare utilization and clinical outcomes
which we utilized to perform our analysis.
Fig. 1. flowchart of patients i
2. Methods

2.1. Cleveland clinic registry

Data on patients’ demographics, medications, comorbidities, history
of COVID-19 exposure, disease manifestation upon presentation, disposi-
tion, and outcomes were extracted from electronic health records (EHR)
for all patients from the Cleveland Clinic COVID-19 registry [9]. Patients
were asked if they had a diagnosis of COPD, and the diagnosis was con-
firmed if it was also included in the patient’s medical chart in the EHR
(which requires physician confirmation). Registry characterization and
data collection reflect the clinical characteristics recently published on
COVID-19 [10-14]. Uniform clinical templates were implemented across
the Cleveland Clinic Health System (CCHS) in Ohio and Florida using EHR
to standardize the care of patients tested for COVID-19, and to facilitate
data extraction. Data extraction from EHR (Epic�, Epic Systems Corpora-
tion, Wisconsin, USA) at the CCHS was performed manually by a trained
research team and using predefined processes that have previously been
published [15]. This study and the registry were both approved by the
Cleveland Clinic Institutional Review Board.

Testing for COVID-19 at Cleveland Clinic facilities is currently indi-
cated for symptomatic patients (presence of fever with cough or
shortness of breath) and those with chronic medical conditions. After
March 21 2020, diarrhea was added to the 3 qualifying symptoms
[16]. Given previous beliefs that co-infection of SARS-CoV-2 with
other respiratory viruses is rare [17], a reflex-testing algorithm was
implemented to conserve resources. All patient specimens were first
tested for the presence of influenza A/B and respiratory syncytial
virus, and only those negative for influenza and respiratory syncytial
virus were subsequently tested for SARS-CoV-2. After April 15th
2020, the registry stopped collecting data on control subjects that
were COVID-19 negative. About 30% of all individuals in the registry
had laboratory measurements done as an outpatient at the time of
SARS-CoV-2 testing [16]. Monitoring from the COVID-19 home moni-
toring program consisted of telephone outreach by a registered nurse
and self-monitoring through an app for patient-entry of COVID-19
symptoms. Patients were asked whether any of a list of symptoms
ncluded in our analysis.



Table 1
Clinical characteristics of all patients tested for COVID-19 stratified by diagnosis of
COPD.

Non-COPD COPD p

N 14,267 1319
Demographics

Age (in years) (SD) 58.0 (14.8) 67.7 (12.1) <0.001
Female Sex (%) 8500 (59.6) 716 (54.3) <0.001
BMI (kg/m^2) (SD) 30.4 (7.8) 29.9 (9.0) 0.027
Race (%)
Caucasian 9747 (68.3) 918 (69.6) 0.331
African American 2760 (19.3) 325 (24.6) <0.001
Other 1760 (12.3) 76 (5.8) <0.001
Hispanic Ethnicity (%) 37 (2.6) 5 (3.8) 0.010

Comorbidities (%)
Diabetes 3333 (23.4) 533 (40.4) <0.001
Hypertension 6940 (48.6) 1014 (76.9) <0.001
Coronary Artery Disease 1883 (13.2) 495 (37.5) <0.001
Heart Failure 1523 (10.7) 454 (34.4) <0.001
Cancer status (current) 552 (3.9) 96 (7.3) <0.001
Cancer status (in remission) 1193 (8.4) 202 (15.3) <0.001
Immunosuppressive Therapy 1628 (11.4) 350 (26.5) <0.001
Inflammatory Bowel Disease 795 (5.6) 86 (6.5) 0.177
Smoking (pack years) (SD) 14.68 (25.1) 31.68 (32.9) <0.001
Current smokers 1597 (11.8) 413 (32.2) <0.001

Medications (%)
NSAIDS 3232 (22.7) 556 (42.2) <0.001
Corticosteroids# 2456 (17.2) 547 (41.5) <0.001
ACE Inhibitors 1285 (9.0) 181 (13.7) <0.001
Angiotensin Receptor Blockers 956 (6.7) 157 (11.9) <0.001

Laboratory Measurements (SD)
International Normalized Ratio 1.4 (0.86) 1.41 (0.9) 0.109
Platelet Count (x 109/L) 244.9 (108.2) 252.04 (109.1) 0.022
Eosinophil Count* (x 103/mL) 0.1 (0.20) 0.18 (0.4) <0.001
Lymphocyte Count* (x 103/mL) 1.5 (1.0) 1.54 (1.0) 0.070
Neutrophil Count* (x 103/mL) 6.8 (4.8) 7.07 (4.7) 0.029
Albumin (g/dL) 3.8 (0.7) 3.73 (0.6) 0.964
Creatinine (mg/dL) 1.4 (1.6) 1.45 (1.7) 0.282
Alanine aminotransferase (IU/L) 39.8 (167.8) 32.48 (88.7) 0.117
Total Bilirubin (mg/dL) 0.7 (1.4) 0.56 (0.6) 0.001

Outcomes (%)
COVID-19 positive 2363 (16.6) 164 (12.4) 0.001

* Peripheral blood Absolute count. Data are presented as n (%) for categorical
variables and mean [SD] for continuous variables. CCCRR stands for Cleveland
Clinic COVID-19 Research Registry; NSAIDS for nonsteroidal anti-inflammatory
drugs. #Corticosteroids represents inhaled and oral medications. P-values repre-
sent chi-square tests for categorical variables and t-tests for continuous
variables.
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(fever, cough, dyspnea, weakness, vomiting, diarrhea, and appetite)
were present. Frequent comorbidities (ex. diabetes mellitus, hyper-
tension, coronary artery disease, and others) and certain medications
(corticosteroids, nonsteroidal anti-inflammatory drugs [NSAIDs], ACE
inhibitors, and angiotensin receptor blockers) were recorded in the
database. Corticosteroids represented a combination of oral and
inhaled medications. A random chart review of 10 subjects demon-
strated that all of COPD patients documented as being on corticoste-
roids were on inhaled medication.

2.2. Subjects

Data on 22,929 individuals tested for COVID-19 at the Cleveland
Clinic between March 8, 2020 and May 13, 2020 was available. These
dates represent the most recent data pull from our registry. We limited
our analysis to individuals 35 years and older because the diagnosis of
COPD is unlikely in those less than 35 years old [18]. We also excluded
those less than 35 years old in the control population to reduce a signifi-
cant age bias. Approximately 30% of subjects had labs drawn at the time
of testing which were available for analysis. Additionally, to avoid hav-
ing a biased sample we excluded those with concurrent diagnosis of
asthma and less than a 10 pack year smoking history and also excluded
those with other chronic lung conditions. Out of the initial sample size
of 22,929, 15,586 met our inclusion criteria (see Fig. 1).

2.3. Laboratory confirmation

Nasopharyngeal and oropharyngeal swab specimens were col-
lected and pooled for testing by trained medical personnel as previ-
ously described [16]. Infection with SARS-CoV-2 was confirmed by
laboratory testing using the Centers for Disease Control and Preven-
tion reverse transcription−polymerase chain reaction SARS-CoV-2
assay that was validated in the Cleveland Clinic Robert J. Tomsich
Pathology and Laboratory Medicine Institute. This assay used an
extraction kit (MagNA Pure;Roche) and 7500 DxReal-Time PCR Sys-
tem instruments (Applied Biosystems). All testing was authorized by
the Food and Drug Administration under an Emergency Use Authori-
zation and in accordance with the guidelines established by the Cen-
ters for Disease Control and Prevention. [16]

2.4. Statistical analysis

Outcomes that were analyzed included COVID-19 infection in symp-
tomatic COPD versus the non-COPD population as well as clinical out-
comes and healthcare utilization of COVID-19 positive COPD patients in
terms of risk for hospitalization, admission to the ICU, non-invasive ven-
tilation and mechanical ventilation, and in-hospital mortality during the
index hospitalization. Summary statistics included counts and percen-
tages for categorical variables and means with standard deviations for
continuous variables (which were all normally distributed). If the data
was not normally distributed we would have provided medians with
interquartile range, however this was not the case in our dataset. Data
with missing dependent variables were excluded. All covariates
included in the regression models were missing in fewer than 10% of
subjects. Missing data were imputed using the mice package in R [19].
Mice replaces each missing value by a plausible value drawn from a dis-
tribution specifically designed for each missing datapoint. Sensitivity
analysis was performed comparing imputed and non-imputed data.
Categorical variables were analyzed with chi-square tests and normally
distributed continuous variables were compared using t-tests. Models
were constructed choosing covariates a priori known to be associated
with COPD and identified from clinical experience and a review of the
literature [20-26]. Binomial multivariate logistic regression was used to
account for differences in clinical outcomes for COVID-19 infection, risk
of hospitalization, risk of ICU admission, non-invasive ventilation, inva-
sive mechanical ventilation, and in-hospital mortality, and included the
following covariates for the model build: age, BMI, sex, race (African
Americans vs Caucasian), smoking status (current versus former),
comorbidities (hypertension, cancer, diabetes mellitus, coronary artery
disease, immunosuppressive therapy). We dichotomized our race vari-
able due to the low number of other races (including Hispanic and Asian
populations) in the dataset and in order to preserve degrees of freedom
in our analysis of hospitalized patients, which had a lower number of
observations. Model fit was assessed using R2 and C-index. All analyses
were two-tailed, performed at a significance level of 0.05, and confi-
dence intervals were 95%. R version 4.0.0 (The R Foundation for Statisti-
cal Computing, Vienna, Austria) were used for statistical analyses.
2.5. Role of funding

The funder had no role in data analysis or interpretation of results.
3. Results

A total of 15,586 symptomatic patients were tested for COVID-19,
of which 1319 (9.2%) were positive (Table 1). The COPD population,
which represented 8.5% of the total population tested, had a lower
rate of COVID-19 positive test results compared to the non-COPD



Table 2
Clinical characteristics of all patients tested for COVID-19 with a diagnosis of COPD.

COVID-19 negative COVID-19 positive p

N 1155 164
Demographics
Age (in years) (SD) 67.1 (11.9) 72.5 (12.7) <0.001
Female Sex (%) 635 (55.0) 81 (49.4) 0.178
BMI (kg/m^2) (SD) 29.8 (9.1) 30.98 (8.0) 0.102
Race (%)
Caucasian 807 (69.9) 111 (67.7) 0.567
African American 285 (24.7) 40 (24.4) 0.934
Other 63 (5.5) 13 (7.9) 0.219
Hispanic Ethnicity (%) 37 (3.2) 5 (3.0) 0.891

Symptoms (%)
Cough 773 (66.9) 95 (57.9) 0.023
Sputum Production 256 (22.2) 34 (20.7) 0.665
Dyspnea 793 (68.7) 93 (56.7) 0.002
Fever 276 (26.1) 51 (31.1) 0.176
Fatigue 302 (40.8) 63 (38.4) 0.558
Flu Like Symptoms 312 (27.0) 64 (39.0) 0.003
Loss of Appetite 86 (7.4) 36 (22.0) <0.001
Diarrhea 140 (12.1) 32 (19.5) 0.008
Vomiting 78 (6.8) 6 (6.4) 0.849

Comorbidities (%)
Diabetes 475 (41.1) 58 (35.4) 0.164
Hypertension 879 (76.1) 135 (82.3) 0.078
Coronary Artery Disease 424 (36.7) 71 (43.3) 0.103
Heart Failure 397 (34.4) 57 (34.8) 0.920
Cancer (current) 90 (7.8) 6 (3.7) 0.059
Cancer (in remission) 169 (14.6) 33 (20.1) 0.067
Immunosuppressive Therapy 329 (28.5) 21 (12.8) <0.001
Inflammatory Bowel Disease 311 (26.9) 27 (16.5) 0.004
Smoking (pack years) (SD) 30.9 (31.6) 38.1 (41.2) 0.009
Current smokers 381 (33.0) 32 (19.5) <0.001

Medications (%)
NSAIDS 506 (43.8) 50 (30.5) 0.001
Corticosteroids 517 (44.8) 30 (18.3) <0.001
ACE Inhibitors 160 (13.9) 21 (12.8) 0.702
Angiotensin Receptor Blockers 136 (11.8) 21 (12.8) 0.712

Laboratory Measurements (SD)
C-reactive protein ( mg/L) 6.6 (9.0) 10.3 (9.2) <0.001
Lactate dehydrogenase (U/L) 416.7 (736.0) 323.9 (110.3) 0.107
D-Dimer (mg/L) 286.6 (586.5) 297.4 (432.6) 0.820
International Normalized Ratio 1.4 (1.0) 1.3 (0.6) 0.041
Platelet Count (x 109/L) 254.8 (109.8) 227.7 (99.6) 0.003
Eosinophil Count* (x 103/mL) 0.2 (0.5) 0.1 (0.1) <0.001
Lymphocyte Count* (x 103/mL) 1.6 (1.1) 1.2 (0.6) <0.001
Neutrophil Count* (x 103/mL) 7.3 (4.8) 4.7 (2.0) <0.001
Albumin (g/dL) 3.7 (0.6) 3.6 (0.5) 0.025
Creatinine (mg/dL) 1.4 (1.6) 1.6 (1.9) 0.280
Alanine aminotransferase (IU/L) 29.4 (54.7) 59.8 (224.9) <0.001
Total Bilirubin (mg/dL) 0.6 (0.6) 0.5 (0.2) 0.022

* Peripheral blood Absolute count. Data are presented as n (%) for categorical variables and
mean [SD] for continuous variables. NSAIDS for nonsteroidal anti-inflammatory drugs. P-values
represent chi-square tests for categorical variables and t-tests for continuous variables.
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population (12.4% vs 16.6%, p = 0.001). Overall, the demographics var-
ied considerably between the two populations, with the COPD popu-
lation being almost ten years older (67.7 § 12.1 vs 58.0 § 14.8,
p<0.001) and reported significantly more comorbidities, including
diabetes mellitus (40.4% vs 23.4%, p<0.001), hypertension (76.9% vs
48.6%, p<0.001), and diagnosis of cancer (28.0% vs 17.4%, p<0.001).
COPD patients also were less likely to be female (54.3% vs 59.6%,
p<0.001), and had a higher proportion of African Americans (24.6% vs
19.3%, p<0.001). There were a higher proportion of current smokers
(32.2% vs 11.8%, p<0.001), pack years of smoking (31.7 § 32.9 vs
14.7 § 25.1, p<0.001) and patients taking corticosteroids (41.5% vs
17.2%, p<0.001) in the COPD population.

Among the COPD patients who were tested, those who tested pos-
itive (n = 164, Table 2) were more likely to be older (72.5 § 1.7 vs
67.1 + 11.9 years, p<0.001), and were less likely to report corticoste-
roid usage (18.3% vs 44.8%, p<0.001). They also had higher pack years
of smoking history (38.1 § 41.2 vs 30.9 § 31.6, p = 0.009), although
current smokers were less likely to be COVID-19 positive in the COPD
cohort (19.5% vs 33.0%, p<0.001). Among the patients who were
tested, symptomatic COPD patients that tested positive for COVID-19
were more likely to report flu-like symptoms (39.0% vs 27.0%,
p = 0.003), loss of appetite (22.0% vs 7.4%, p<0.001), and diarrhea
(19.5% vs 12.1%, p = 0.008) compared to symptomatic COPD patients
that tested negative for COVID-19. When analyzing the 30% of sub-
jects who had labs drawn at the time of testing, the COVID-19 posi-
tive cohort of COPD patients had lower absolute eosinophil (0.05§
0.07 vs 0.19§0.19, p<0.001), lymphocyte (1.15§0.63 vs 1.59§1.05,
p<0.001), and neutrophil counts (4.70§2.03 vs 7.31§4.83, p<0.001)
compared to the COVID-19 negative COPD population. Those who
tested positive were less likely to report corticosteroid usage (18.3%
vs 44.8%, p<0.001) than those with COPD who tested negative for
COVID-19.

The proportion of patients that tested positive for COVID-19 and
were hospitalized in the COPD cohort was significantly more than
the non-COPD cohort (48.2% vs 26.5%, p<0.001), and COPD patients
had a higher mortality rate (20.3% vs 14.5%, p = 0.044) (see Table 3).



Table 3
Clinical characteristics of all patients positive for COVID-19 stratified by diagnosis
of COPD.

Non-COPD COPD p

N 2363 164
Demographics

Age (in years) (SD) 60.2 (15.4) 72.5 (12.7) <0.001
Female Sex (%) 1237 (52.3) 81 (49.4) 0.472
BMI (kg/m^2) (SD) 31.0 (7.7) 31.0 (8.0) 0.974
Race (%)
Caucasian 1438 (60.9) 111 (67.7) 0.084
African American 616 (26.1) 40 (24.4) 0.631
Other 309 (13.1) 13 (7.9) 0.054
Hispanic Ethnicity (%) 281 (11.9) 5 (3.0) <0.001

Symptoms (%)
Cough 1738 (73.6) 95 (57.9) <0.001
Sputum Production 257 (10.9) 34 (20.7) <0.001
Dyspnea 948 (40.1) 93 (56.7) <0.001
Fever 1204 (51.0) 51 (31.1) <0.001
Fatigue 852 (36.1) 63 (38.4) 0.554
Flu Like Symptoms 1248 (52.8) 64 (39.0) <0.001
Loss of Appetite 505 (21.4) 36 (22.0) 0.856
Diarrhea 525 (22.2) 32 (19.5) 0.420
Vomiting 143 (6.1) 6 (3.7) 0.210

Comorbidities (%)
Diabetes 575 (24.3) 58 (35.4) 0.002
Hypertension 1169 (49.5) 135 (82.3) <0.001
Coronary Artery Disease 277 (11.7) 71 (43.3) <0.001
Heart Failure 205 (8.7) 57 (34.8) <0.001
Cancer (current) 53 (2.2) 6 (3.7) 0.215
Cancer (in remission) 224 (9.5) 33 (20.1) <0.001
Immunosuppressive Therapy 209 (8.8) 21 (12.8) 0.085
Inflammatory Bowel Disease 227 (9.6) 27 (16.5) 0.005
Smoking (pack years) (SD) 16.4 (24.6) 38.1 (41.2) <0.001
Current smokers 126 (6.0) 32 (20.8) <0.001

Medications (%)
NSAIDS 462 (19.6) 50 (30.5) 0.001
Corticosteroids 227 (9.6) 30 (18.3) <0.001
ACE Inhibitors 55 (2.3) 12 (7.3) <0.001
Angiotensin Receptor Blockers 211 (8.9) 21 (12.8) 0.094

Laboratory Measurements (SD)
Platelet Count (x 109/L) 214.1 (86.3) 225.1 (97.5) 0.292
Lymphocyte Count* (x 103/µL) 1.2 (1.4) 1.1 (0.5) 0.402
Neutrophil Count* (x 103/µL) 5.3 (3.2) 4.8 (2.2) 0.256
Albumin (g/dL) 3.7 (0.5) 3.6 (0.5) 0.377
Creatinine (mg/dL) 1.6 (1.9) 1.9 (2.5) 0.236
Alanine aminotransferase (IU/L) 12.4 (23.9) 20.4 (27.1) <0.001
Total Bilirubin (mg/dL) 0.6 (0.6) 0.5 (0.2) 0.108

Outcomes (%)
Hospitalized 626 (26.5) 79 (48.2) <0.001
ICU admission# 214 (34.2) 36 (45.6) 0.003
Non-invasive ventilation* 141 (65.9) 25 (69.4) 0.360
Mechanical ventilation* 135 (63.1) 23 (63.9) 0.837
In-hospital mortality# 91 (14.5) 16 (20.3) 0.044

* Peripheral blood Absolute count. Data presented as n (%) for categorical vari-
ables and mean [SD] for continuous variables. NSAIDS for nonsteroidal anti-
inflammatory drugs; ICU for Intensive Care Unit. #Percentage denominator is in
the hospitalized cohort. *Percent denominator is in the ICU cohort. P-values rep-
resent chi-square tests for categorical variables and t-tests for continuous
variables.

Table 4
Clinical characteristics of patients with COPD who tested positive for COVID-19
stratified by healthcare utilization.

Outpatient Hospital Ward ICU p

N 81 36 43
Demographics

Age (in years) (SD) 72.7 (13.3) 72.1 (11.4) 72.7 (13.1) 0.968y
Female Sex (%) 40 (49.4) 17 (47.2) 22 (51.2) 0.941y
BMI (kg/m^2) (SD) 30.1 (8.4) 33.0 (8.6) 30.5 (7.0) 0.262y
Race (%) <0.001y
Caucasian 61 (75.3) 24 (66.7) 24 (55.8)
African American 11 (13.6) 11 (30.6) 17 (39.5)
Other 9 (11.1) 1 (2.8) 2 (4.7)
Hispanic Ethnicity 3 (3.7) 1 (2.8) 0 (0.0) 0.431y

Comorbidities
Diabetes 22 (27.2) 17 (47.2) 18 (41.9) 0.068y
Hypertension 62 (76.5) 33 (91.7) 38 (88.4) 0.074y
Coronary Artery
Disease

36 (44.4) 15 (41.7) 18 (41.9) 0.943y

Heart Failure 25 (30.9) 10 (27.8) 20 (46.5) 0.139y
Cancer (current) 3 (3.7) 0 (0.0) 3 (7.0) 0.417y
Cancer (in remission) 18 (22.2) 6 (16.7) 8 (18.6) 0.651y
Immunosuppressive
Therapy

7 (8.6) 2 (5.6) 11 (25.6) 0.009y

Inflammatory Bowel
Disease

13 (16.0) 6 (16.7) 8 (18.6) 0.936y

Data are presented as n (%) for categorical variables and mean [SD] for continuous
variables. yP-values represent ANOVA (analysis of variance).
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Of the 164 COPD patients who tested positive for COVID-19, 79
(48.2%) required hospitalization; of the 79 hospitalized, 36 (45.6%)
required ICU admission. Compared to the non-COPD patients, COPD
patients had higher rates of ICU admission (45.6% vs 34.2%,
p = 0.003), need for non-invasive (69.4% vs 65.9%, p = 0.360) and inva-
sive mechanical ventilation (63.9% vs 63.1%, p = 0.837).

Among the COPD patients who had COVID-19, there was no dif-
ference in age and sex when stratified by location of treatment, i.e.
outpatient versus hospital ward versus ICU. However, African Ameri-
cans had higher rates of hospitalization and ICU admission (30.6%
hospitalized and 39.5% admitted to the ICU, p<0.001) in the COPD
cohort. Subsequently, the inverse was true for Caucasians, where
Caucasians represented 75.3% of those treated as an outpatient, 66.7%
of those treated in the hospital and 55.8% of those treated in the ICU.
Of patients with COPD admitted to the ICU, 25.6% (11/43) were on
immunosuppressive therapy. (see Table 4).

We then performed a multivariate regression model adjusting for
age, race, sex, BMI, and comorbidities. We also performed a sensitiv-
ity analysis with the non-imputed data and found no significant dif-
ference in outcomes (see Methods). We found that after adjusting for
covariates, COVID-19 prevalence was not significantly different
between COPD and non-COPD patients (adj OR 0.97; CI: 0.89−1.05).
However, COPD patients had an increased risk for hospitalization (adj
OR 1.36; CI: 1.15−1.60), ICU admission (OR 1.20; CI: 1.02−1.40), need
for invasive mechanical ventilation (adj OR 1.49; CI: 1.28−1.73), and
a higher rate for non-invasive ventilation that was not statistically
significant (adj OR 1.13; CI: 0.97−1.32). Unadjusted risk for in-hospi-
tal mortality was higher in the COPD population (OR 1.51; CI: 1.14
−1.96), but after adjusting for covariates, the risk was not signifi-
cantly different than the non-COPD population (adj OR 1.08: CI: 0.81
−1.42). (Fig. 2)

4. Discussion

In this registry based analysis, we found that COPD patients who
tested positive for COVID-19 had higher overall healthcare utilization
as they had increased risk for hospitalization, ICU admission, and
invasive mechanical ventilation.

A potential risk factor for poor outcomes among patients with
COPD who have COVID-19 is the use of inhaled corticosteroids (ICS)
for the routine management of chronic stable disease. There has been
concern that steroid usage increases the risk for contracting COVID-
19 and developing severe disease due to immunosuppression and
enhanced viral shedding [5, 6]. However our findings suggest that
the usage of corticosteroids was associated with a lower rate of
COVID-19 infection in the COPD population. While our registry does
not differentiate oral versus ICS, a random audit of charts showed
that 10/10 subjects were taking ICS which leads us to believe that the
majority of subjects in our database were using ICS. In general, only a
small proportion of COPD patients are maintained on oral corticoste-
roids due to the lack of efficacy and increased risk for side effects. [27,
28] Therefore, this finding is reassuring that COPD patients can be
maintained on ICS during the COVID-19 pandemic. Interestingly,



Fig. 2. Association of COPD with results of COVID-19 testing, hospital admission, intensive care unit (ICU) admission, invasive and non-invasive ventilation, and in-hospital mortal-
ity. Adjusted analysis with multivariate logistic regression. Odds ratio for positive CV-19 test positivity represents the odds for the entire cohort. Odds ratio for hospitalization repre-
sents odds for the CV-19 positive cohort. Odds ratio for ICU admission, non-invasive and invasive mechanical ventilation, and in-hospital mortality represent the odds for the
hospitalized cohort.
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recent studies have shown that ICS is linked to down-regulation of
the ACE2 receptor and potentially could impart a protective effect for
COVID-19 infection which supports our findings [29]. A recently pub-
lished large randomized control trial in the United Kingdom demon-
strated that dexamethasone 6 mg daily given for 10 days reduced
deaths by 1/3 in ventilated patients and by 1/5 in those receiving oxy-
gen compared to standard care [30]. While these findings are encour-
aging and suggest the role for corticosteroids in the treatment of
COVID-19, particularly in the setting of a hyperactive immune
response, prospective studies of ICS use as a predictor of decreased
susceptibility to SARS-CoV-2 infection are needed.

Another concern has been that active smoking increases the risk
for COVID-19 severity given that smoking upregulates the ACE2
receptor expression in lung epithelial cells [7] and increases the risk
for SARs-CoV-2 entry into host cells [8]. We did not find an increased
risk for COVID-19 infection in current smokers with COPD who tested
positive for COVID-19 infection. However, our study was focused pri-
marily on COPD patients and not current smokers alone. Therefore,
future studies are needed to better assess whether current smoking
status increases the risk for disease severity in COVID-19. Lymphope-
nia has been linked to an increased risk for COVID-19 severity [31] as
well, and our study did find an increased rate of COVID-19 positivity
in the COPD cohort with a lower absolute lymphocyte count.

In terms of healthcare utilization, we found that a significant pro-
portion of patients with COPD required hospitalization, ICU admis-
sion, and mechanical ventilation. While COVID-19 severity has been
linked to age, male sex, race, and comorbidities [3], the age of COPD
patients and rates of comorbidities was not significantly different
when comparing outpatients to hospitalized patients (except for
those on immunosuppressive therapy). We also did not find an
increased risk in males versus females in terms of healthcare utiliza-
tion. African American race has been linked to increased severity of
COVID-19 [3]. Our study also demonstrates that African Americans
with COPD were more likely to require hospitalization and ICU
admission. There is an unmet need for targeted interventions for the
African American population with COVID-19 due to their increased
risk for healthcare utilization.

In addition to increased healthcare utilization, our study demon-
strated that COPD patients had higher risk for mortality, which after
adjustment with multivariate regression for age, race, BMI, and
comorbidities (see Methods) was no longer statistically significant.
This is an important finding of our study, which suggests that COPD
does not confer mortality risk beyond its associated comorbidities.
Greater outreach to the COPD community and coordinated care with
other sectors of public health such as the Veterans Administration
may be needed [32], given these facilities care for a significant num-
ber of COPD patients.

Our findings, while significant, may differ from other observational
studies of COPD [4] due to the fact that Cleveland Clinic and its regional
facilities did not experience a surge that overwhelmed hospitals during
our study period [33]. It is also possible we may not have had enough
power to detect a difference in mortality, although our study is the larg-
est observational study to date on COVID-19 and concomitant COPD. It
is well-known that survivors of critical illness are at risk for long-term
morbidity, delayed mortality, cognitive impairment, and severe decon-
ditioning known collectively as PICS (Post ICU syndrome) [34]. In-hospi-
tal mortality may not have afforded adequate time to ascertain this end
point. Future long-term studies on the COPD population and the impact
of COVID-19 are needed.

We recognize several limitations to our analysis. First, our study is
a single study from a tertiary center where COVID-19 was diagnosed
and treated according to prespecified pathways. Although patients
were referred by physicians in the Cleveland Clinic Health System,
some patients may have chosen to utilize other hospitals and
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therefore leading to incomplete outcome data. Nonetheless, we find
that possibility to be low and unlikely to introduce an intergroup-
bias. Another methodologic concern may be that our control popula-
tion was from the months of March and April 2020, and after April
15th 2020 our registry no longer collected outcome data on controls
but continued to collect information on COVID-19 positive patients.
While this may have introduced a chronological bias, we have no rea-
son to believe that outcomes would be different during these adja-
cent time intervals during which management algorithms did not
change for the Cleveland Clinic Health System. We also found that
the comorbidity profile of our dataset showed a relatively high rate
of diabetes reported in our COPD population; while diabetes is more
common in COPD, the proportion in our population was double the
typical percentile [35]. Unfortunately, our questionnaire did not dis-
tinguish prediabetes versus diabetes which may account for this
higher proportion of patients. Our data set also does not include vari-
ables associated with severity of COPD such as pulmonary function
tests, long-acting bronchodilator usage, degree of emphysema on CT
thorax imaging, or exacerbation frequency, and it is well known that
mortality and healthcare utilization are increased among those
patients with severe COPD and history of exacerbations [36, 37].
Given our dataset does not capture the severity of COPD, it is possible
that only a specific cohort of COPD patients (i.e. severe patients) had
an increased risk for healthcare utilization. While our registry
included self-reported COPD (which required confirmation in the
EHR by a physician), it is possible that patients may have been mis-
classified without spirometric data for diagnosis. However, previous
analyses have shown that self-report, coupled with physician confir-
mation, has a high likelihood of yielding a positive diagnosis of COPD
[38-40]. Finally, the clinicians may have referred patients with more
severe symptoms or comorbid conditions for testing introducing a
selection bias. Therefore, the findings may not be generalizable to the
population at large.

In conclusion, our analysis of Cleveland Clinic COVID-19 registry
demonstrates that COPD patients had increased risk for healthcare
utilization in terms of hospital admission, ICU admission, and inva-
sive mechanical ventilation. Future studies analyzing the long-term
impact of COVID-19 on patients in the COPD population are needed.
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