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Abstract

Objective: This study assesses the risk of severe clinical outcomes during hospitalizations of 

adults with asthma and/or COPD plus COVID-19 and compares those risks with those during 

hospitalizations of adults with asthma and/or COPD without COVID-19.

Methods: We used data from 877 U.S. hospitals from the Premier Healthcare Database during 

March 2020–March 2021. Hospitalizations (n = 311,215) among patients aged ≥18 years with 

an ICD-10-CM diagnosis involving asthma or COPD were classified into three groups: adults 

with asthma (but not COPD), adults with COPD (but not asthma), and adults with both asthma 

and COPD. We used multivariable Poisson regression to assess associations of severe clinical 

outcomes [intensive care unit (ICU) admission, use of invasive mechanical ventilation (IMV), and 

death] and COVID-19 status.

Results: The percentage of hospitalizations among patients with asthma and COVID-19 resulting 

in ICU admission, IMV, and death were 46.9%, 14.0%, and 8.0%, respectively. These risks were 

higher than those among patients with asthma without COVID-19 (adjusted risk ratio [aRR], 

1.17 [95% confidence interval (CI), 1.14–1.21], 1.61 [95% CI, 1.50–1.73], and 5.56 [95% CI, 

4.89–6.32]), respectively. Risks of ICU admission, IMV, and death were also high among patients 
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with COPD and COVID-19 and exceeded the corresponding risks among patients with COPD 

without COVID-19.

Conclusion: Hospitalizations among patients with asthma and/or COPD with COVID-19 had a 

more severe clinical course than hospitalizations for asthma and/or COPD exacerbations without 

COVID-19.
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Introduction

Asthma and chronic obstructive pulmonary disease (COPD) affect about 20 million (8%) 

and 15 million (6%) U.S. adults, respectively (1,2). Some people have both asthma and 

COPD, often called “asthma–COPD overlap”; the U.S. prevalence of asthma–COPD overlap 

is not well-established, but has been estimated to be 1–3% (3,4). Exacerbations of asthma 

and/or COPD can result in hospitalizations, intensive care unit (ICU) stays, invasive 

mechanical ventilation (IMV), or death (5,6). Since the emergence in 2020 of a novel 

coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2, the virus that 

causes coronavirus disease 2019 [COVID-19]), the impact of comorbid asthma or COPD on 

COVID-19 severity has been an area of active research (7–13).

Limited research suggests that individuals with COPD have a higher risk for severe illness, 

including death, from COVID-19 (7,8,14,15). One limitation of previous research is that 

smoking, a strong risk factor for COPD, may not have been thoroughly accounted for in all 

studies assessing risk of severe COVID-19 outcomes among patients with COPD. Multiple 

meta-analyses found no significant associations between asthma and severe COVID-19 

(9,16–21). Several meta-analyses reported lower risk of death (10,22,23), one reported 

higher risk of intubation (22), and another reported lower risk of hospitalization (24). 

Heterogeneity in study design (e.g. study population or definition of asthma) might explain 

some of this variation; confounding by recent oral steroid use is also a possibility. In 

contrast, little is known about the risk of severe clinical outcomes among hospitalized people 

with asthma and/or COPD and COVID-19 and how that risk compares with that among 

people hospitalized for asthma and/or COPD exacerbations without COVID-19 (12,25,26).

To address this knowledge gap, we aimed to document the risks of severe clinical outcomes 

of patients hospitalized with asthma and/or COPD with COVID-19 and the extent to which 

those risks differed from risks among patients hospitalized with asthma and/or COPD 

without COVID-19. We analyzed electronic health record data from across the United 

States, which included 311,215 hospitalizations of adults with asthma and/or COPD. Our 

analyses distinguished between hospitalizations among adults with asthma (but not COPD), 

hospitalizations among adults with COPD (but not asthma), and hospitalizations among 

adults with both asthma and COPD. We hypothesized that risk of severe clinical outcomes 

would differ between hospitalizations of patients with and without COVID-19.
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Materials and methods

Data source and study population

We used electronic health record data from the Premier Healthcare Database Special 

COVID-19 Release (PHD-SR, release date 05/11/2021) (27). The Premier Healthcare 

Database contains de-identified hospital-based discharge data of inpatient and outpatient 

medical visits, including data from approximately 20% of annual U.S. inpatient admissions. 

These data are from a variety of hospital types, located in both rural and urban areas. 

Patients are linked across hospital encounters by a masked identifier. More information 

about the Premier Healthcare Database is available from prior publications (28,29).

Our study population comprised inpatients aged ≥18 years admitted to hospitals in February 

2020–March 2021 and discharged in March 2020–March 2021 with an International 
Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) diagnosis 

involving asthma or COPD (J45 or J44 code) (Figure 1). Hospitalizations included those 

originating from healthcare (e.g. emergency department or clinic) and non-healthcare 

settings. To reduce the possibility of including hospitalizations for non-respiratory reasons 

(e.g. gallbladder surgery) among people with asthma and/or COPD, we limited analysis 

to hospitalizations with a primary ICD-10-CM diagnosis code with asthma or COPD or 

a secondary ICD-10-CM diagnosis with a specific code indicating an asthma or COPD 

exacerbation (see Figure 1 for complete list of ICD-10-CM codes included). Hospitalizations 

were classified into those among patients with COVID-19 and without COVID-19. To define 

the “exposure” (i.e. presence of concurrent COVID-19), we used ICD-10-CM discharge 

codes for COVID-19; specifically B97.29 (Other coronavirus as the cause of disease 
classified elsewhere) for hospitalizations with a discharge month during March–April 2020 

and U07.1 (COVID-19 virus identified; introduced in April 2020) for hospitalizations with 

a discharge month during April 2020–March 2021 (30). Patients could contribute up to two 

total hospitalizations to the analysis (1 COVID-19 hospitalization and 1 non-COVID-19 

hospitalization). These selection criteria led to a total of 311,215 hospitalizations included 

in the analysis (from 304,833 adults). Hospitalizations were then classified into one of 

three analytic groups based on patient characteristics: asthma but not COPD, COPD but not 

asthma, or both asthma and COPD (asthma–COPD overlap).

Outcome assessment

For each hospitalization included in our analysis, we assessed whether the hospitalization 

was associated with any of the following three outcomes indicating severe illness (“severe 

outcome”): ICU admission, IMV, or death. We chose these outcomes (“severe outcome”) 

as indicators of severe illness, as in prior publications (28,31). ICU admission and IMV 

were defined using hospital billing codes. Death was defined by a hospital discharge code 

indicative of death while hospitalized or under hospice care.

Assessment of clinical comorbidities

To assess comorbidities as potential covariates, we used ICD-10-CM codes to identify 

certain chronic medical conditions that have been identified as risk factors for severe 

COVID-19 illness, specifically chronic kidney disease, type 2 diabetes, certain heart 
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conditions (cardiomyopathies, congestive heart failure, ischemic heart disease, and 

myocardial infarction), cancer, pulmonary fibrosis, obesity (body mass index ≥ 30 kg/m), 

sickle cell disease, Down syndrome, or solid organ transplant (eTable 1) (32). For each 

hospitalization, comorbidities were categorized as absent or present based on the ICD-10-

CM codes assigned to that hospitalization.

Statistical analysis

We used patients’ asthma and COPD status to complete analyses among three groups: 

1) hospitalizations among patients with asthma but not COPD; 2) hospitalizations among 

patients with COPD but not asthma; and 3) hospitalizations among patients with asthma–

COPD overlap. We calculated the frequencies and percentages of patient characteristics by 

COVID-19 status for each group. Then, we calculated the frequencies and percentages of 

outcomes (ICU, IMV, and death) by group, stratified by COVID-19 status.

We assessed associations of each dichotomous outcome and COVID-19 diagnosis using 

multivariable Poisson regression models with robust standard errors (33). We calculated 

adjusted risk ratios (aRRs) and 95% confidence intervals (CIs) adjusting for age group (18–

39, 40–49, 50–64, 65–74, or ≥75 years), race/ethnicity (non-Hispanic Asian, non-Hispanic 

Black, non-Hispanic White, Hispanic, and non-Hispanic persons of other races), sex (male, 

female), health insurance type (Medicare, Medicaid, private, other health insurance type 

[includes charity, indigent, self-pay, workers compensation, direct employer contract, other 

government payors, and other health insurance type]), admission month quarter (February–

March 2020, April–June 2020, July–September 2020, October–December 2020, January–

March 2021), U.S. Census region (Midwest, Northeast, South, West), and comorbid 

conditions (cancer, chronic kidney disease, type 2 diabetes, heart condition, obesity, 

pulmonary fibrosis, and “other comorbid condition” [includes Down syndrome, sickle cell 

disease, and/or solid organ transplant]). All variables included in adjusted models were 

selected a priori. Models were adjusted for correlation by medical facility and patient using 

an exchangeable correlation structure. We also conducted subanalyses on the association 

between severe outcomes and COVID-19 status by age group, sex, race/ethnicity, and health 

insurance type. For patients with asthma only, we conducted a secondary analysis on the 

association between severe outcomes and COVID-19 status by asthma severity (defined by 

ICD-10-CM diagnosis). Also, we performed a sensitivity analysis that included codes for 

chronic bronchitis and emphysema (J41 and J43) in the definition of COPD. All statistical 

analyses were performed using SAS, version 9.4 (SAS Institute, Cary, NC).

This activity was reviewed by the Centers for Disease Control and Prevention (CDC) and 

was deemed exempt from institutional review board over-sight per 45 CFR §46.101(b)(4) 

and exempt from patient informed consent per 45 CFR §164.506(d)(2) (ii)(B) because 

the disclosed Premier Healthcare Database Special COVID-19 Release (PHD-SR) data are 

considered deidentified.

Results

Our analysis included 311,215 hospitalizations among 304,833 adults with asthma, COPD, 

or both admitted to 877 hospitals across the United States. Specifically, of the 311,215 
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hospitalizations, 33,417 (10.7%) hospitalizations were among adults with asthma (but not 

COPD), 263,163 (84.6%) hospitalizations were among adults with COPD (but not asthma), 

and 14,635 (4.7%) hospitalizations were among adults with asthma–COPD overlap.

Asthma hospitalizations

Among patients with asthma (but not COPD), there were 6,894 hospitalizations with 

COVID-19 (Table 1, eTable 2). Patients with asthma were predominantly female (69.4% 

and 69.5% of hospitalizations with and without COVID-19, respectively). Patients with 

asthma aged 40–49 and 50–64 years accounted for a higher percentage of COVID-19 

hospitalizations compared with hospitalizations with asthma but not COVID-19 (19.7% and 

34.7% vs. 16.2% and 25.4%, respectively). For hospitalizations among patients with asthma 

and COVID-19, a higher percentage of patients identified as Hispanic (18.7% vs. 12.9%) 

and fewer as non-Hispanic White (45.8% vs. 50.6%) compared with hospitalizations among 

patients without COVID-19. Median length of stay (LOS) was five days (interquartile range 

[IQR], seven days) for hospitalizations with asthma and COVID-19, whereas median LOS 

was three days (IQR, three days) for hospitalizations with asthma but not COVID-19.

Among hospitalizations of patients with asthma and COVID-19, the percentages of ICU 

admission, IMV, and death were 46.9%, 14.0%, and 8.0%, respectively (Table 2). Among 

hospitalizations of patients with asthma but not COVID-19, the percentage of ICU 

admission, IMV, and death was 40.7%, 9.2%, and 1.6% respectively. Among patients with 

asthma and COVID-19, the percentage of death increased with age (2.2% of patients age 

18–39 years and 20.0% of patients age ≥75 years) and was higher among males than females 

(9.8% vs. 7.2%) (eTable 2). We also observed some variation in risk of death by race/

ethnicity (e.g. 12.2% among patients identifying as non-Hispanic Asian and 6.1% among 

non-Hispanic Blacks). Among hospitalizations of patients with asthma, when adjusting for 

covariates, those with COVID-19 had a higher risk of ICU admission (aRR, 1.17 [95% 

CI, 1.14–1.21]), IMV (aRR, 1.61 [95% CI, 1.50–1.73]), and death (aRR, 5.56 [95% CI, 

4.89–6.32]) compared with hospitalizations among patients without COVID-19.

COPD hospitalizations

In hospitalizations among patients with COPD (but not asthma), 47,996 (18.2%) had 

COVID-19 (Table 1, eTable 3). Females accounted for 47.5% of hospitalizations among 

patients with COPD and COVID-19, whereas 50.7% of hospitalizations among patients 

without COVID-19 were female. We observed a higher percentage of patients aged ≥75 

years among hospitalizations with COPD and COVID-19, compared with hospitalizations 

without COVID-19 (45.1% vs. 34.7%). For hospitalizations among patients with COPD 

and COVID-19, a higher percentage of patients identified as Hispanic (6.3% vs. 4.0%), as 

well as non-Hispanic Black (14.9% vs. 11.6%) compared with hospitalizations without 

COVID-19. Median LOS was seven days (interquartile range (IQR), eight days) for 

hospitalizations with COPD and COVID-19, while median LOS was four days (IQR, five 

days) for hospitalizations with COPD, but not COVID-19.

Among hospitalizations of patients with COPD and COVID-19, the percentages of ICU 

admission, IMV, and death were 55.1%, 19.5%, and 21.5%, respectively (Table 2). 
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Among COPD hospitalizations without COVID-19, the percentage of ICU admission, IMV, 

and death was 51.7%, 15.1%, and 5.7%, respectively. Among patients with COPD and 

COVID-19, the percentage of death increased with age (7.0% of patients age 18–39 years 

and 25.0% of patients age ≥75 years) and was higher among males than females (23.5% 

vs. 19.2%) (eTable 3). When adjusting for covariates, hospitalizations among patients 

with COPD and COVID-19 had a higher risk of ICU admission (aRR, 1.08 [95% CI, 

1.07–1.09]), IMV (aRR, 1.30 [95% CI, 1.27–1.33]), and death (aRR, 3.53 [95% CI, 3.44–

3.62]) compared with hospitalizations among patients with COPD but not COVID-19. These 

associations were unchanged in our sensitivity analysis that included codes from chronic 

bronchitis and emphysema (J41 and J43) in the definition of COPD (data not shown).

Asthma–COPD overlap

In addition, 14,635 (4.7%) hospitalizations were among patients with asthma–COPD overlap 

(2,189 hospitalizations with COVID-19 and 12,446 hospitalizations without COVID-19; 

eTable 4). For hospitalizations among patients with asthma–COPD overlap and COVID-19, 

a higher percentage of patients identified as Hispanic (11.5% vs. 9.0%) compared with 

hospitalizations among patients without COVID-19. Median LOS was seven days (IQR, 

nine days) for hospitalizations with asthma–COPD overlap and COVID-19, whereas median 

LOS was four days (IQR, five days) for hospitalizations with asthma–COPD overlap but not 

COVID-19.

Among hospitalizations with asthma–COPD overlap and COVID-19, the percentages of 

ICU admission, IMV, and death were 52.9%, 18.1%, and 14.5%, respectively (eTable 5). 

Among hospitalizations with asthma–COPD overlap but not COVID-19, the percentage of 

ICU admission, IMV, and death was 43.8%, 10.9%, and 2.3% respectively. Hospitalizations 

among people with asthma–COPD overlap, like hospitalizations with either asthma or 

COPD, had a higher risk of severe outcomes if COVID-19 was present during the 

hospitalization. When adjusting for covariates, patients with asthma–COPD overlap and 

COVID-19 had a higher risk of ICU admission (aRR, 1.21 [95% CI, 1.15–1.26]), IMV 

(aRR, 1.67 [95% CI, 1.51–1.86]), and death (aRR, 5.52 [95% CI, 4.68–6.50]) compared 

with hospitalizations among patients with asthma–COPD overlap but not COVID-19.

Stratified analyses

Adjusted estimates for each severe outcome, stratified by age group, sex, race/ethnicity, and 

health insurance type, were calculated for hospitalizations among patients with asthma but 

not COPD, as well as hospitalizations among patients with COPD but not asthma (eTable 

6). In general, these stratified analyses revealed that risk for all severe outcomes remained 

higher among patients with COVID-19 than without COVID-19. Patients age 18–39 years 

with COVID-19 did not appear to have a higher risk for IMV compared to patients without 

COVID-19. Patients identifying as non-Hispanic Asian with COVID-19 did not appear 

to have a higher risk for ICU admission compared to patients without COVID-19. For 

death, the magnitude of the unadjusted risk among patients with asthma with COVID-19 

increased with age (unadjusted RR for patients age 18–39 years, 1.83 [95% CI, 1.24–2.72]; 

for age 50–64 years, 5.95 [95% CI, 4.64–7.63]; and for age ≥75 years, 7.92 [95% CI, 6.16–

10.20]). Each asthma severity category was associated with severe COVID-19 outcomes 
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(eTable 7). For COPD patients, we observed less variation in the magnitude of association 

between COVID-19 and risk of severe outcomes by age. For example, the unadjusted risk 

of death among patients with COPD with COVID-19 did not consistently increase with 

age (unadjusted RR for patients age 18–39 years, 3.24 [95% CI, 1.71–6.11]; for age 50–64 

years, 3.71 [95% CI, 3.50–3.93]; and for age ≥75 years, 3.47 [95% CI, 3.35–3.59]).

Discussion

In our analysis using a large database of electronic health records, hospitalizations among 

patients with COVID-19 and asthma and/or COPD had a higher risk of severe outcomes 

(ICU admission, IMV, or death) than hospitalizations among patients with these respiratory 

conditions without COVID-19. Hospitalizations among patients with COVID-19 and asthma 

were over five times as likely to result in death as hospitalizations among patients with 

asthma but not COVID-19. Hospitalizations among patients with COVID-19 and COPD 

were over three times as likely to result in death as hospitalizations among patients with 

COPD, but not COVID-19. Moreover, hospitalizations among patients with asthma–COPD 

overlap and COVID-19 were over five times as likely to result in death as hospitalizations 

among patients with asthma–COPD overlap but not COVID-19.

A previous study conducted January 2019–May 2020 in one region of Spain on patients with 

asthma reported increased in-hospital mortality among patients with COVID-19 compared 

with patients without COVID-19 (12); our study confirms these results in a U.S. population 

with an approximately 6-fold larger number of patients with COVID-19 (using a definition 

intentionally designed to assess asthma and/or COPD exacerbations) over a much larger 

portion of the pandemic, and adds new information about ICU admission and IMV. 

Similarly, another study conducted March–April 2020 in 4 teaching hospitals in Spain 

on patients with COPD found increased in-hospital mortality among COPD patients with 

COVID-19 compared to COPD patients without COVID-19 (34). Our study confirms these 

results with a substantially larger population from >800 U.S. hospitals over 1 year and 

shows increased risk of other severe outcomes (i.e. ICU admission and IMV) among asthma 

or COPD hospitalizations with COVID-19, compared with asthma or COPD hospitalizations 

without COVID-19.

In our analysis, 47% of asthma hospitalizations with COVID-19 had an ICU admission, 

higher than the proportion of ICU admission among these patient groups documented by 

some US studies with smaller sample sizes (35,36). In general, the proportion of asthma 

and COVID-19 hospitalizations that resulted in IMV or death in previous studies has 

varied (35–39). For hospitalizations of COPD with COVID-19 in our analysis, 55% had 

an ICU admission. Other US studies have documented proportions of ICU admissions 

among hospitalized COPD patients with COVID-19 > 40% (35,40). We found that 21% 

of hospitalizations with COPD and COVID-19 resulted in death, and some studies have 

reported similar (40) or higher risks for mortality (41). Differences in the prevalence of 

severe outcomes across studies for these patient groups could be related to differences in 

hospital or patient characteristics, sample size, location, and/or time period (earlier vs. later 

in the pandemic). For patients with COVID-19 in our study, risk of death increased with age 

and was higher for males than females for both asthma and COPD patient groups.
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Asthma hospitalizations in our analysis, both among patients with and without COVID-19, 

had a similar age distribution as that among people with asthma in the general US 

population (42). In terms of race/ethnicity, non-Hispanic Black patients made up a greater 

proportion of our study population than in the general population of US adults with asthma. 

Other studies have found non-Hispanic Black persons have an increased risk of asthma-

related hospitalizations (43). For COPD hospitalizations in our study, patients were older 

than people with COPD in the general US population (44). Older age has been associated 

with COPD exacerbations requiring hospitalization (45), which is consistent with the older 

age distribution found in our COPD study population.

This study on COVID-19 and exacerbations of asthma and/or COPD used one of the largest 

sample sizes to date (311,215 asthma and/or COPD hospitalizations). Also, we controlled 

for demographic characteristics and comorbidities associated with severe COVID-19 illness. 

Another strength of our analysis was our use of case definitions for asthma and COPD 

hospitalizations (i.e. primary ICD-10-CM diagnosis code or ICD-10-CM code specifying an 

asthma or COPD exacerbation) that were designed to avoid selecting patients hospitalized 

for non-respiratory reasons. Previous case studies have reported COVID-19 in patients with 

asthma–COPD overlap (46,47). Our study is the first to examine the relationship between 

severe hospital outcomes (i.e. ICU admission, IMV, death) and COVID-19 among patients 

with asthma–COPD overlap.

Our analysis had several limitations. We were unable to characterize asthma or COPD 

severity for most patients. ICU admission was relatively high in our analysis among 

patients without COVID-19, and ICU admission can be indicative of a severe asthma 

exacerbation (48). The high proportion of ICU admission seen in our analysis may be related 

to changes in healthcare utilization during the pandemic (i.e. the observed decrease in 

asthma related hospitalizations) (49,50) or other factors. We were also unable to characterize 

pre-hospitalization medication use, specific phenotypes or endotypes, and the timing of 

patients’ exposures to SARS-CoV-2 that led to hospitalizations for COVID-19 or severe 

outcomes measured in our analysis. Our analysis did not include data on medications 

administered during hospitalizations. We did not assess data on the reason for hospitalization 

(e.g. rhinovirus-induced exacerbation or medication nonadherence among patients without 

COVID-19). Studies have documented a decrease in some respiratory viruses associated 

with asthma exacerbations (e.g. influenza) during the COVID-19 pandemic (51,52). Our 

use of ICD-10-CM subcodes to identify asthma exacerbations might have missed asthma 

exacerbations if a hospitalization was not associated with a specific exacerbation-related 

ICD-10-CM code. We also relied on ICD-10-CM codes instead of laboratory data to define 

COVID-19; accuracy of hospital diagnosis codes to identify COVID-19 cases has been 

demonstrated (30). Our analysis might have missed COVID-19 cases if a hospitalization was 

not associated with an ICD-10-CM code indicating a COVID-19 diagnosis. We were unable 

to control for many markers of socioeconomic status that may be associated with disease 

severity. Lastly, the small sample size for some subgroups (such as patients identifying as 

non-Hispanic Asian and COPD patients aged 18–39 years) may have impacted our ability to 

assess disease severity in these patient groups.
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Conclusion

In our analysis of a large patient population with individuals from across the US, 

hospitalizations among patients with asthma or COPD with COVID-19 had a higher risk 

of resulting in an ICU admission, IMV, and death compared with hospitalizations among 

patients with asthma or COPD but not COVID-19. These results show that hospitalizations 

among patients with asthma and/or COPD with SARS-CoV-2 infection had a more 

severe clinical course than hospitalizations among people with asthma and/or COPD 

exacerbations without SARS-CoV-2 infection. Our results provide additional information 

on the risks of severe outcomes from COVID-19 for these patient groups. Preventive 

measures for COVID-19 (including COVID-19 vaccination, use of masks, and practicing 

social distancing) are effective in preventing COVID-19 disease and severe illness from 

COVID-19 disease (53,54). Adoption of these measures among patients with asthma and/or 

COPD could reduce morbidity and mortality from COVID-19 among the millions of US 

adults with asthma or COPD.
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Figure 1. 
Definition of study population – Premier Healthcare Database, United States, March 2020–

March 2021.

*ICD-10-CM codes for asthma exacerbation: J45.21, J45.22, J45.31, J45.32, J45.41, J45.42, 

J45.51, J45.52, J45.901, J45.902; ICD-10-CM codes for COPD exacerbation: J44.0, J44.1.

†During study period.

‡Among 304,833 adults (33,142 adults with asthma but not COPD, 257,693 adults with 

COPD but not asthma, and 14,526 adults with asthma-COPD overlap [528 patients had 

hospitalizations that were included in >1 asthma/COPD group]). COPD, chronic obstructive 

pulmonary disease; COVID-19, coronavirus disease 2019; ICD-10-CM, International 

Classification of Diseases, Tenth Revision, Clinical Modification.
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